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CATj/VFATITE v. Alunite. 

CALCULI V. Urine. 

CALCUSOL. Trade name for a preparation 
'of acid potassium carbonate and piperidino-p- 
sulphamine benzoate 

CALIATURWOOD. This wood, the botani- 
cal origin of which appears to be unknown, is 
very similar to though somewhat darker in 
colour than sanderswood It was imported 
from the East Indies and is stated to have 
been chiefly employed on the Continent Accord- 
ing to Franchimont and Sicherer it contains 
santalin but in larger amount than sanders- 
wood. 

CALICHE. The term by which the impure 
native sodium nitrate or Ohde saltpetre is known 
throughout South Amenoa. Also applied to a 
limestone liardpan found in Anzona and else- 
where {u Sodium). 

CALLISTEPPIN v Anthogyanins. 

CALLUTANNIC ACID v Tannins. 

CALMATAMBIN v. Glucosides. 

CALMONAL. Calcium methylbromide. 

CALOMEL. Mercurous chloride (v. Mercury). 

CALOMELOL. A colloidal preparation of 
calomel. 

CALOPHYLLUM INOPHYLLUM (Lmn.). A 
tree (ord Ovitifercp), Alexandnan laurel, dilo of 
Fiji, tamannd of E. Polynesia, and sultana 
champa (Hind.) of India), the seeds of which 
yield 60 pc. of a fragrant green oil, fluid at 
ordinary temperatures, solidifymg when cooled 
below 10°. The tree bears fragrant white 
flowers. The oil, the woondel or bitter oil of 
Indian commerce, used in medicine and for 
lamp oil, is of a greemsh tint, and a very little 
imparts its colour to a whole cask of coco-nut 
oil (Pharm. J. [3] 8, 363). 

CALOTYPE V . Photography. 

• CALUMBA. Calumbm radix, 1^, 'P. ; Calumba, 
U.S.P. Colcmbo, Colitmbo, (Racine deCoUymbo, 
Fr. ; Kalumba or Columbowurzel, Ger.) 

The root of the Jaiemrhiza Columba (Miers), 
a •herbaceous climbing plant, inhabiting the 
forests of Eastern Africa (Fluck. a. Hanb. 28 ; 
Bentl. a. Trim. 13). The fleshy root if sliced 
VoL. II.— T. 


transversely and dried. It was introduced into 
Europe m the 17th century as an antidote 
for poison, and found a place in the London 
Pharmacopoeia of 1788. it possesses mild bitter 
tonic properties, for which purpose it is now 
chiefly employed m medicine. 

The drug contains 30-35 p c. of starch, some 
mucilage, traces of a volatile oil, but no tannin ; 
the root gives 4-7 p c., the rhizome 12-17 p.o 
of ash. There aro further present two bitter 
principles and three alkaloids 

Commbtn CasHgaOs (according to Ulrich, 
Annalen, 1907, 351, 363 ; but cp Feist, I c.), the 
best-known bitter principle, occurs to the extent 
of 0 8 pc., and is extracted by hot ether and 
recrystallised from the same solvent. It forms 
colourless prisms, m p 182°, hardly solirblo in 
hot or cold water, little in cold alcohol or ether, 
readily in hot ether, chloroform, and alcohol. 
Columbin adds directly 8 bromine atoms. 
A crystalline diacetyl derivative melts at 218°. 
Boiling 5 pc potassium hydroxide yields 
columbic acid CagHagOio, crystals, m.p 220° 
(Frey, Annalen, 1907, 351, 372), boiling 15 pc. 
hydrochloric acid gives an amorphous yellow 
substance and yellowish-green fluorescence. A 
second bitter pnnciple, m.p. 246°, almost 
insoluble in most solvents, was isolated by 
Feist (Arch. Pharm 1907, 245, 586). 

The alkaloids were at first mistaken for 
berberme, to which they are closely related 
(Gordin, Arch. Pharm. 1902, 240, 146 ; Gunzel, 
ibid, 1906, 244, 257 ; Gadamer, ibid. 1902, 240, 
450 ; and particularly Feist, ibid. 1907, 245, 
586). All three yield yellow quaternary salts 
The aqueous solution of an alcoholic extract of 
the drug is extracted with ether to remove 
columbin (see above), and concentrated potas- 
sium iodide then precipitates the iodides, which 
are fractionally crystallised from alcohol. 
Columhamtne iodide C 21 H 22 NJOI, yellow needles, 
m.p. 224°, is the least soluble. J aXeorrhizine 
iodide CaoHao 05 NI,H 20 forms orange-yellow 
needles, m.p. 208°-210° ; paXmaiine iodide 
CjiHjgOeNI, slender yellow needles, m.p. 238°- 
240°. The first of these contains four methoxy 

B 
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groups and one hydroxyl group ; it is a methyl 
ether of the second, which contains three 
inethoxy and two hydroxyl groups, for methyl- 
columbamme and dimethyljateoTThizine are 
identical Palmatme iodide contains four meth- 
oxyl groups, but no hydroxyl, and hence 
remains undissolved on treating the mixed 
iodides with sodium hydroxide. Its exact 
relationship to the other two is unknown 
lleduction of the corresponding nitrates leads 
in all three cases to colourless tetrahydio deriva- 
tives. Methylcolumbammo is oxidised by per- 
manganate to corydaldme (an oxydation product 
of corydaline, <7 v ), a tnmothoxy-o-phthalic acid 
(gallo-carboxylic acid ?), m p 200°, and a 
nitrogenous acid, m p 200°-202° The free 
bases corresponding to the above salts are 
unknown, so that it is doubtful whether the 
alkaloids are ammonium hydroxides or the 
corresponding anhydrides 

For the identification of columbin and the 
alkaloids under the microscope, see Tunmann, 
Pharm Zentr H. 1914, 55, 775 G B 

CALYCANTHINE crystals, mp 

243°-244° (dry), occurs with isocaly can thine, 
pnsms, m p 236°-230° (dry), in the seeds of 
Calycanthus glancus (Wild ), 2 p.c One nitrogen 
is secondary, the other tertiary. Toxic (Gordin, 
J. Amer. Chem Soc 1906, 27, 144, 1418 ; 1909, 
31, 1306; 1911,33,1626) 

CAMELINE OIL, Dodder oil, or German 
Sesami oi/, is prepared from the seeds of 
Myaqrum satwum (Crz.), Camelma sattva (Linn ), 
(‘gold of pleasure’) Several centuries ago the 
seed was grown all over Germany as a crop, but 
at present it is only cultivated on a small scale 
in some part of South Germany, Belgium, 
Holland, Hungary, the Balkan States, and 
South Russia. The seed is occasionally ex- 
pressed in Hull, but, as a rule, the press cakes 
arrive in this country from Odessa, and are used 
(in Liverjiool) in the manufacture of ‘ compound 
cakes ’ The aveiagc composition of camcline 
seed IS stated as follows . — 

Oil . . . 29 4 p c 

Water . . 7 5 „ 

Proteins . . . 25 9 „ 

Carbohydrates . 17 3 „ 

Crude fibie . . , 10 5 „ 

Ash . . .92,, 

The oil has a golden-yellow coloui and a pun- 
gent taste and smell. On exposure to the air 
it does slowly. It is a semi-dryiiig oil, and 
theicfoio yields, on boiling with litharge or 
mangancwse, a slowly drying varmsh. The low 
saponification value of the oil points to the 
presence of erucic acid 

The ‘ cold-drawn ’ oil is used for edible 
purposes in Russia The oil expressed in this 
country, as also the oil expressed by heat in 
Hungary and the south of Russia, is used for 
soap making 

It has the following analytical characters 
sp gr 0 9224-0 9260 at 15° ; solidification 
point, -15°- 19°; saponification value, 185- 
188 ; iodine value, 133-136 ; and m p. of 
fatty acids, 18°-20° ; molecular equivalent of 
fatty acids, 296 A sample examined by 
Grimme (Chem Rev. Fett Tnd 1912, 19, 102) 
contained 116 ji c of imsaponifiable matter 
Accoidmg to van Ketel and Antusch (Zeitsch. 


angew Chem 1896, 581), linseed is liaole to be 
contaminated with cameline seed, and so may 
yield an oil with a low iodme value. J. L 

CAMPHOID. A preparation of one part of 
guncotton dissolved in 20 parts each of absolute 
alcohol and camphor. 

CAMPEACHY WOOD v. Logwood 

CAMPHANIC ACID Lactones. 

CAMPHENE, CAMPHINE Terpenes. 

CAMPHOL V. Camphors. 

CAMPHOPHORONE p. Ketones. 

CAMPHOR. The term camphor was applied 
exclusively, in the sixth centuiy, by Arabian and 
Cfiimese writers, to Borneo or Malayan Camphor 
(Borneol), but in the sixteenth century it in- 
cluded Laurel or Common Camphor, for Garcia 
d’Orta mentions the latter as well known in 
Europe m 1563, and points out what indeed is 
true at the present day, that the much more 
costly Borneo or Sumatra Camphor is entirely 
consumed in the East (c/ Flnck a Hanb 510) 
The similarity m properties between laurel 
camphor and the crystalline separations from 
the volatile oils of plants, led, in the eighteenth 
century to an extension of the term camphor so 
as to include these solids An attempt by 
Berzelius (Lehrbuch VI 580) to sirapbfy the 
nomenclature, by calling all solid portions of 
volatile oils, ‘ stcaroptenes,’ and the liquid 
portions ‘ cliBoptcns ’ has only resulted in the * 
continued use, almost synonymously, of the 
words stearoptene and camphor. The discovery 
that laurel camphor contains oxygen has still 
further amphfied the meaning of the word, which 
in its most comprehensive sense now includes 
most of the oxygenated pioducts, both liquid and 
solid, of volatile oils. 

Camphors arc volatile oxygenated hydro- 
carbons, usually posiossmg a peculiar chaiaeter- 
istic odour They are mostly crystalline solids 
insoluble in water, but soluble in alcohol 
Except in the case of a few which are produced 
artificially they arc obtained from plants where 
they occiii associated with hydrocaibons from 
which they are probably derived Mo.st plants 
when distilled in steam yield volatile oils com- 
posed of heavier oxidised compounds held m 
solution raoie or less by lighter hydrocarbons 
The former often sejiarate in crystals during the 
condensation of the oil or afterwards on standing, 
or they may be obtained by fractional distillation. 

The more important camphors, using the 
term in its larger signification, maybe considered, 

I for convenience, in 4 groups, as isomendes or 
homologues of: (1) Peppermint camphor, 
menthol CjoHaoO ; (2) Borneo camphoi, borneol 
CjoHigO ; (3) laurel camphor C,oHjflO ; and 
(4) thyme camphor, thymol CjoHj^O For the 
most part camphors behave like alcohols or 
phenols, but laurel camphor and menthone are 
Ketones, cineol is an ether and alant camphor 
a lactone The majority of camphors belong to 
saturated or unsaturated cyclic systems, but 
in 1891 Semmler (Ber 24, 210) introduced the 
expression ‘ olefimc camphors ’ for certain 
substances which possess an open chain 
structure, are closely related to the cyclic 
camphors, and are responsible for the aroma of 
many essential oils. The chief members of this 
group are citronellol CioHgoO, geraniol, nerol and 
citrhnellal CjoHisO, and citral CjoH^eO. {See 
also Perfumes.) 
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Peppermint camphor. Menthol 
3-Me-6-i5opropyl-l-cyclohoxanol. The la'vo 
modification of this camphor is the chief con 
stituent of peppermint oil, the product of distilla- 
tion of the herbs Mentha pipcnta (Linn ) and 
M. arvensis (Linn ), varieties pipeiaacens and 
(jlahrata. It is also a minor constituent of a 
few other volatile oils. A menthol of unrecorded 
rotatory sign predominates in the oil from 
Hyptis suaveolens (Linn ) (Bacon, Phillipine J. 
So. 1909, 4, A, 130). The proportion of menthol 
in normal Japanese oil of peppermint vanes 
between 09 and 91 p o , whilst English and 
American oils contain 48 to 68 p c A jiortion, 
about 10 p c., of the menthol is present in ester 
form combined with acetic and i<sovalcrianic 
acids The camphor is extracted by freezing 
oils rich in menthol, whereby the crystals 
separate and are recovered either by pressure 
or by centrifugal treatment The more im- 
portant papers dealing with menthol in its 
bearing on oil of peppermint are : Beckett and* 
Wright (Chem. Soc Trans. 1876, 29, 1), Atkinson 
and Yoahida {ibid. 1882, 41, 50), Monya {ibid. 
1881, 39, 77), Power and Kleber (Arch. Pharm. 
1894, 232, 639), Power and Fluckiger (Pharm 
J 1880 [3] 11, 220), Andres and Andrcef (Ber 
1892, 25, 609), Schindelmeiser (Apoth Zeit 
1906, 21, 927), and the semi-annual leports of 
Schimmel and Co , and of Rouro Bertrand Eils. 

Menthol crystallises in prisms belonging to 
the hexagonal system, and in appearance 
resembles magnesium sulphate It has a strong 
peppermint odour and taste, and produces a 
sensation of warmth on the tongue which is 
replaced by a sensation of cold when air is 
inhaled Mp 42°-43^ 43 5°-44 5° (Gilde- 

meister and Hoffmann, Hie Atherischen Ole, 
1910, 1. 405), b p 215 5^ at 758 mm (P. a K.), 
Rp gr. 0 88 at 20'" (Long, J Amer Chem. Soo 

1892, 14, 151), [aj“° -50 7° m 10 po alcoholic 
solution (Beckmann, J. pr Chem 1897, [2] 55, 
15). Menthol is very slightly soluble in water, 
but soluble in the usual organic solvents and 
m concentrated hydrochloric acid. It rotates 
on the surface of water in a similar manner to 
laurel camphor Mixed with chloral, thymol, or 
laurel -camphor, menthol reacts forming a liquid 
(Kyle, Amer J Pharm 1885, 429 ; Becker, 
ibid. 1886, 283) When menthol is boiled with 
sulphuric acid diluted with half its volume of 
water it acquires an indigo-blue or ultramarine 
colour, the acid becoming brown (Brit. Pharm 
1914) 

Menthol is a saturated secondary alcohol 
which u’^der the influence of dehydrating agents, 
e g. phosphorus pentoxide, zinc chloride, 
potassium bisulphate, passes into the hydro- 
carbon mentheno, CjoHig. A very largo number 
of esters of menthol are known, of which the 
acetate C^oHioGAc, bp 227^-228°, [a]^ -79 26°, 
(c/. Kishner, J. Russ Phys. Chem Soo. 1895, 27» 
480), and isovalenamtef C10H19OOC C4H9, 
occur in oil of peppermint (P. a K ). For the 
identification of ^-menthol by means of deriva- 
tives, the phenylcarbamate CjoHigOCONHPh, 
m.p. 111°-112° (Leuokart, Ber 1887, 20, 115), 
the hydrogen phthaJate CioHiaOOC'OyHgOg, 
m p. 122° (Pickard and Littlebury, Chem. Soo. 
Trans. 1012, 101, 118), and benzoate CjoH ^OBz, 
m.p. 56°-56° (P. a. L.) are oharactenstio. 


Two atoms of hydrogen are removed fiom 
/-menthol by treatment with chromic acid 
mixture (Beckmann, Annalen, 1889, 250, 325) 
with formation of \-mentlMney a liquid ketone 
which occurs to the extent of about 20 p 0. in 
oil of peppermint (B a W.), and with an 
ISO men de, d-momenthoney forms 50 p c of 
American pennyroyal oil obtained from Hedeoma 
pidegoide8 {hum ) (Barrowcliff, Chem. Soc. Trans. 
1907, 91, 875). Menthol has been obtained 
synthetically from menthono and pulegone 
(Beckmann and Pleissner, Annalen, 1891, 262, 
32, Haller and Martino, Compt. lend 1905, 140, 
1298), also from thymol by use of the Sabatier and 
Sendeiens method of reduction By this latter 
method the four possible menthols corresponding 
to menthone, namely, d- and /-menthol and d- 
and /-weomonthol, have boon prejiared (Pickard 
and Littlebury, Chem Soc Trans. 1912, 101, 
110) A small proportion of </-7ieomenthol was 
isolated at the same time from Japanese oil of 
peppermint. 

Ill its medicinal action menthol resembles 
phenol Its chief uses are as a local anaesthetic 
lor relief of superficial pains of various kinds, 
also dissolved in oil as a spray for influenza, 
hay fever, &c., and as a local apphcation in 
certain cutaneous diseases. 

i'amphors isomeric with menthol Citronellol 
C10H20O, a liquid isoineiide of menthol occurs 
as /-citronellol in rose oil, Rosa damascena (Mill ) 
(Tiomann and Schmidt, J^er 189(), 29, 922), and 
as d-citronellol in Java citronolU oil, Andropogon 
Nardu9 Java de Jong (Schimmel’s Kept 1902, 1 
14), and m the oil from Bnrosma pulchella (Linn ) 
{ibid 1910, 1 17), whilst both forms occur m 
geianmm oil, Pdargonium graveolens (Ait.) 
(Ticrnann and Schmidt, Ber 1896, 29, 924). 

Borneo and Allied Camphors. Malayany 
Baius or Dryohalanops camphor \ Borneoly 
camphol CjoHi70H, 1, 7, 7,-tnmethyl [1, 2, 2]- 
bicyclo 2-heptanol This camphor occurs in 
nature in the dextro- and Levorotatory varieties, 
estcrified chiefly in the la3Vorotatory modifica- 
tion Common borneol, which is dextrorotatory, 
is the product of Dryohalanops aromatica (Gartn ), 
a majestic tree indigenous to Sumatia, Borneo, 
and Labuan. The camphor is deposited in 
fissures in the old wood, and to obtain it the 
trees have to be sacrificed The tiee is cut down 
and the wood is examined by a laborious process 
of splitting The collected camphor averages 
3 to 11 lbs from each tree Owmg to the reck- 
less manner in which the trees have been 
destroyed without the planting of others, the 
forests of Sumatra now contain few that are 
worth working (Pharm. J. 1881, [3] 12, 83). The 
states of Sarawak and Brunei are much richer 
in trees, and at the present time produce bomeol 
by similar methods {cf Hanb. and Fluck 516 ; 
Kremers, Pharm Review, 1905, 23, 7 ; Gilde- 
meister and Hoffmann, Hie atherischen Sle, 
1916, in 178) The crude camphor is best 
punfiod by sublimation (Polouze, Annalen, 1841, 
40, 326). 

d -Borneol is also a constituent of the follow- 
ing volatile oils : Rosemary, Rosmarinus 
oficinahs (Linn.) (Gildemeister and Stephan, 
Arch. Pharm. 1897, 235, 586) ; Siam Cardamom 
Am&mum cardamomum (Linn.) (Schimmel’s 
Kept. 1897, li. 9) , Nutmeg, Myristica fragrans 
(Houtt.) (Power and Salway, Chem. Soo. Trans. 
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1907, 91, 2037) ; Lavender, Lavandula vera (O.C.) < 
(Bruylants, J. Pharm. Chim. 1879, [4] 30, 139 ; I 
cf. Charabot, Bull. Soc. Chim. 1897, [3] 17, 380) ; 
Spike Lavender, Lavandula Spica (Linn.) 
(Bouchardat, Compt rend 1893, 117, 53 and j 
1094), and Virginian Snake-root, Anstolochia 
serpentana (Linn.) (Spica, Gazz. chim. ital. j 
1887, 17, 314). In addition to these natural 
sources c?-bomeol may be obtained, by the 
action of reducing agents on laurel camphor 
when borneol, of the same sign of rotation as the 
camphor used, is obtained mixed with a small 
proportion of i6‘obomeol of opposite sign (Haller, 
Compt. rend. 1887, 105, 227 ; Beckmann, J. pr. 
Ohem. 1897, f2J 55, 31), and in small propor- 
tion with borneol it is found among the pro- 
ducts of the distillation of amber with potash 
(Berthelot and Buignet, Annalen, 1860, 115, 
245) 

Borneol is harder and less volatile than 
laurel camphor, and docs not sublime in the 
bottles in which it is kept It has a peppery 
camphoraceous odour and burning taste 
M p 203°- 204'^ (preparations containing iso- 
borneol melt 206°- 208°) , b p 212°, sp gr 1 OJ 1 
(Plowman, Pharm J. 1874, [3] 4, 711) It 
crystallises in the hexagonal system (Tiaube, 
J pr Chem 1894, [2] 49, 3) ; [a]j^-|-37 7° (Beck- 
mann, Annalen, 1889, 250, 353 ; Haller, C’ompt 
rend 1891, 112, 143; Pickard and Littlebury, 
(Jhem Soc. Trans. 1907, 91, 1973). Borneol 
IS a saturated secondary alcohol, and on oxida- 
tion yields camphor, CioH^jO of the same 
rotatory sign. Powerful oxidising agents pro- 
duce camphoric acid CioHig 04 , and further 
degradation products (Laurent, Annalen, 1837, 
22, 135 , Pclouze, ihid. 1841, 40, 328 ; Kachler, 
ihid 1878, 191, 143) Removal of a molecule 
of water by phosphoric anhydride gives rise to a 
solid terpeno, camphene, CioHie (Wallach, ibid* 
1885, 230, 239) ; for the mechanism of this 
change, see Moorwein, ibid. 1914, 405, 129) 
Concentrated hydrochloric acid (Berthelot, ibid 
1859, 112, 366), or phosphorus pentachlondt* 
(Kachler, ibid 1879, 197, 89) reacts with borneol 
producing bornyl chloride C 10 H 17 CI, a product 
identical with pinenc hydrochloride or ‘ artificial 
camphor.’ For the characterization of borneol 
the phenylcarbamate, CioHi 70 CONHPh, mp 
138°- 139° (Bertram and Walbaum, J pr Chem 
1894, [2] 49, 5), the acetate CiqHitGAc, m p. 29° 
(B. and W. Arch Pharm. 1893, 231, 304), and 
the addition products with bromal, m p 105°- 
108° (Minguin, Compt rend 1893, 116, 889), and 
chloral, mp 55°-56° (Haller, ibid 1891, 112, 
145), are employed | 

/-Borneol is a constituent of the following 
Oils Valeiian, Valeriana oficinalis (Linn ) 
(Bruylants, Ber. 1878, 11, 462 , Oliviero, Bull, 
Soc Chim 1895, [3] 13, 917), Canadian Snake- 
root, Asarum canadense (Linn ) (Power and 
Lees, Chem Soc Trans 1902, 81, 63) , Arbor 
vitie. Thuja occidenialis (Linn ) (Wallach, 
Annalen, 1907, 353, 213), Citronella, Andropogon 
nardus (Linn ) (Schimmels, Rept. 1912, 1, 43), 
Pinus maritima (Mill ) (Belloni, Chem Zentr 
1906, i. 1552), Yellow Pine, Pinus palustris 
(Mill.) (Schimmels, Rept 1910, 1 , 106), and 
Feverfew, Matricaria Parthenium (Linn.) {ibid. 
1894, 1, 71). It IS also contained in the fusel ; 
oil of the crude spirit obtamed by the fermenta- I 
tion of the sugar of madder, and formerly known | 


as madder camphor (Jeanjean, Annalen, 1857, 
101, 95), and in Ngai camphor, the name given 
to the solid part of the essential oil of Blumea 
balaamtfera (I>. C.) (Plowman, Pharm. J. 1874, 
[3] 4, 712 ; Fluckiger, ibid. 828 ; Schimmels, 
Rept 1910, 1, 149). From this latter source the 
/-borneol had a higher rotatory power [aj^^ 

—39° 25', than is usually observed (Schimmels 
Rept 1895, 1, 74). On oxidation with mtric 
acid /-borneol yields laevorotatory camphor. 

Numerous esters of borneol are known. 
Those of /-borneol, which occur in nature, are 
bornyl acetate, in oil of valerian (Bruylants), 
Siberian fir oil, Abies sibirica ; Ledeb (Hirsch- 
sohn, Chem Zentr 1892, 11 793), hemlock 

spruce oil, Abies canadensis ; Michx. (Hunkel, 
Pharm. Review, 1896, 14, 35), and coriander oil, 
Coriandrum sativum (Linn ) (Walbaum and 
Muller, Wallach Festchnft, 1909, 654), bornyl 
formate, butyrate and imvalerianate in oil of 
valerian (Bruylants). 

Inactive borneol, the racemic mixture of 
d- and /-borneol has been obtained by the 
distillation of the crude product of the action of 
sulphuric acid on turpentine (Armstrong and 
Tilden, Chem. Soc Trans 1879, 35, 762); an 
ester of e- borneol is also obtained by treating 
pinene with oxalic acid (Schmdelmeiser, J Rus. 
Phys Chem Soc 1902, 34, 954). 

/^obornool, a stereoisomonde of borneol and 
an intermediate product in the manufacture of 
synthetic camphor, was first obtained by 
Ilertram and Walbaum (J pr Chem 1894, [2] 
49, 1) from camphene obtained by the action of 
sodium acetate and glacial acetic acid on pinene 
hydrochloride at 200°. Camphene is warmed 
with glacial acetic acid and a little, 50 pc, 
sulphuric acid, and the resulting acetate is 
decomposed by alcoholic potash. IsohornooX 
can now be prepared from pinene hydrochloride 
directly, by the action of boilmg glacial acetic 
acid in the presence of a small quantity of a 
metallic salt such as anhydrous zinc chloride 
(Weizmann and Clayton Aniline Co , Eng Pat. 
8266, 1906) It IS also formed to a small extent 
in the reduction of laurel camphor (Beckmann, 
J pr Chem 1897, [2] 65, 35) It difiers from 
borneol, physically, in its greater volatility^, its 
higher m p 212° (in sealed tube), and its greater 
solubility in benzene and light petroleum, 

* chemically in its greater stability towards 
oxidising agents, and in the ease with which it 
loses water forming camphene. Its bromal 
addition compound melts at 71°-72°. The 
optically active itsoborneols melt at 214°, and 
have [a]j^±34 3° (Pickard and Littlebury, Chem 

SOC. Trans. 1907, 91, 1979). 

Camphors isomeric vnih borneol, Ginttol, 

I Cajeputol or Eucalypiol CiqHj^O, anhydro 
I 1-Me 4 (a-Me a-oxyethyl) 1-oxy cyclohexane, is a 
constituent of a great number of volatile oils. 
It forms the major portion of the volatile oils of 
Eucalyptus globulus (Labill.) (Jahne, Ber. 1884. 
17, 2941), Wormseed, Artemisia maritima (Linn.) 
var. Stechmanm (Wallach and Brass, Annalen) 
1884, 225, 291, HeU and Sturcke, Ber. 1884, 17, 
1970) ; Cajeput, Melaleuca Cajeputi (Roxb.) 
(Wallach and Gildemeister, ibid. 1888, 246, 276) ; 
M. viridiflora de Brogn. et Gns (Bertrand, 
Bull. Poo. Chim. 1893, [31 9, 432). Cmeol melts 
at 1°~1 6° (Scnimmel & Co.) ; b p. 1/6° 
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(Wallaoh, Annalen, 1888, 245, 195) It has a 
camphor-like odour and is optically inactive. 
It IS charactensed by its addition compounds, 
with the halogens, with hydrobromic acid, 
m.p. 56°, which also serves for the isolation of 
small quantities (Wallach, Annalcn, 1888, 240, 
280), with phosphoric acid (Scammell, D. R. P. ; 
80118), with arsenic acid (U S Pat. 705545, I 
Thoms and Molle, Arch Phann 1904, 242, 172), ' 
with lodole (tetraiodopyirol), m.p 112° (Ber- 
tram and Walbaum, Arch. Pharm. 1897, 235, i 
178), by means of winch very small quantities ! 
can be detected (Hirschsohn, Chem Zentr. 
1893, 1 . 503), and with resorcinol (Baeyer and 
Villiger, Ber 1902, 35, 1209). Tlio compounds 
with hydrobromic acid, phosphoric acid, arsenic 
acid, and resorcinol are used for its quantitative 1 
estimation (cf Turner and Holmes, Amer J 
Pharm. 1915, 87, 101), the question as to their 
relative clhciency bemg still a matter of dispute. 
Dehydrating agents convert emool into (hpcnterie 
^loHie (Wallach and Brass , Hell and Sturcke). 
Oxidation by peimanganate gives cincolic acid 
CioHieOg, m p 197 (Wallach and Gildemeistei), 
but towards reducing agents it is veiy stable' 
The oxygen atom in cincol is present as an oxide 
or other Unking. The aitilicial pioduction of 
emool has been effected by the action of dilute 
acids on terpmeol or terpiii hydrite (Wallach, 
Annalen, 1887, 239, 18). 

Cineol IS used m medicine as a local anti- 
septic dressing, and for catarrhal conch tions of 
the respiratory mucous membranes. 

The volatile oils of the following contain 
other isomerides of boineol ; Citionella, Audio- 
'pogon Nardas (Linn.) (Semmler, Ber 1893, 
26, 2254) and Eucalgpias citriodora (Hook ) 
(Schimmels, Kept 1907, 2, 35) contain d- 
GUronellal, whilst l-Citronellal is contained in 
‘Java lemon oil’ (ibid 1903, 1, 21). Linaloe, 
Ocotea caadata (Me/..) (Barbier, Compt lend 
1895, 121, 168), Lavender, Lavandula vua 
(D.C.) (Bertram and Walbaum, J. pr. Chem. 
1892, [2] 45, 590) ; Bergamot, Citrus Aurantmm 
(Linn ) (Bertram and Walbaum, ibid 602) 
contam l-linalol , whilst d-linalol (‘ coriandrol ’) 
IS contained in oil of coriander, Coriandrum 
sativum (Luin ) (Baibier, Compt rend 1893, 116, 
1460). Geranium, Pelargonium graveolens (Ait.) 
(Bertram and Gildemeister, J. pr (diem. 1894, 
[2] 49, 191) , Citronella, Andropogon Nardas 
(Linn ) (Schimmels, Kept. 1893, 2, 12) ; Lemon 
grass, Cymbopogon fiexuosus (Stapf ) (Tie- 
manii and Semmler Ber 1893, 26, 2721), 
contam geraniol (^ rfwdinoV) Neroli oil from 
Citrus Aurantium (Lmn ), subspec. amara 
(Lmn 1 (Hesse and Zeitschel, J pr. Chem. 1902, 
[2] 66, 481) contains nerol. d-a-Terpineoly 
m p. 37°-38°, IS a constituent of oil of sweet 
orange, Citrus Aurantium (var ) dulce (Lmn.) 
(Stephan, J. pr. Chem. 19(X), [2] 62, 523) of 
nercdi and petit-grain oils ; 1-a-terpmeol of oil 
of camphor, Cinnamomum Carnphma (Nees et 
Eberm.) (Schimmels, Kept. 1903, 2, 39 ) ; 

1 - Terpmeol, m p. 35°, of cajeput oil, Melaleuca 
cajeputi (Roxb ) (Voiry, Bull. Soc. Chim. 1888, 
[2] 50, 108) 

Common and allied camphors. Laurel Cam- 
phor ; Dextro Camphor. (Camphre, Fr ; Campher, 
Ger.) C^oHigO 1.1.1 -Trimethyl fl-i' 2]-hiciido 

2- heptanone. Common camphor is contained in 
all pa ts of the camphor la *'el, Ct iru^mcmum 


C amphora (Nees et Eberm ), a tree inhabiting 
Japan, Formosa and Southern China It 
occurs also as a constituent of the volatile oils 
of Spike, Lavandula spica (DC.) (Lallemand, 
Annalen, 1860, 114, 198); Rosemary, Ros- 
marinus ojjkinalis (Lmn ) (tbid. 197) ; Sage, 
Salvia offwmalts (Lmn ) (Muir, Chem Soc. 
Trans. 1880, 37, 678) ; Siam Cardamom, 

Amomum Cardamomum (Lmn ) (Schimmels, 
Kept 1897, 2, 9) ; American Wormseed, Gheno- 
podium ambrosotdes (Lmn.) var anthelmintfncum 
(Gray) (ibid. 1908, 1, 112), and Sassafras, iSVma- 
fras officinalis (Nees) (Power and Kleber, 
Pharm Review, 1896, 14, 101) 

Although camphor is at the present lime 
still manufactured artificially, most of the 
camphor of commerce is obtained fiorn the 
camphor laurel, the chief mdiistry bemg con- 
; lined to Japan, Formosa and Cliina ’fhe 
' e\penmcntal plantations which wcie under* 
taken foi the production of natuial camphor 
m Floiida, Caljforma, Jamaica, East Africa, 
Malay States, Algeria and Ceylon have at 
least in one case, that of Floiida, begun 
to furnish camphor on the commeicial scale 
(Oil, Paint and Drug Rep , March 29, 1915) In 
Formosa the camphor industry befoic the CMiina- 
Japanese war was nominally in the hands of the 
Chinese, but owing to the savage state of tlie 
interior of the island, and the unscrupulous 
methods of the dealers, it had declined to 
small and unimportant proportions Aftcrwaids 
Japan assumed the control of the industry, and 
it was made a goveinment monopoly m 1899, 
and this was extended to Japanese camphor m 
1903 Since the establishment of the monopoly 
t the old crude methods of obtaining the camjihor 
I (Fluck. and Hanb 513) have been leplaced by 
j more modern ones. The camphor wood in the 
j form of chips is steamed m roughly built 
furnaces, and the camphor which is driven oft 
[ IS condensed in cooled wooden vessels, and ficed 
from most of the oil by draming, crude oi 
‘ glade B ’ camphor being thus obtained For 
the production of refined or ‘grade A’ camphor, 
the crude mateiial is heated in largo non letorts, 
through which a curicnt of air is passed For 
the first 48 hours only sufficient heat is applied 
to drive off the water and oil. The rotoits are 
then connected with a condensing chamber, 

[ the roof of which is cooled by runmng water, 
and are heated to a high tcmperatuie in order to 
volatilise the camphor. It is then formed into 
blocks m woollen moulds and pressed, first by 
steam power and finally by a very high hydiauhc 
pressure ((Jolhns, J Soc Chem. Ind 1904, 75) 
The yield of camphor is greater in winter than 
in summer, whde the reverse is true of the oil. 
In summer a charge of 120 kilos, of wood gives 
2*4 kilos , or 2 p c. of camphor, and 1 8 litres of 
oil ; m winter, 3 kilos., or 2*4 p.o. of camphor 
and 0 5-0 '7 litre of oil. 

Crude camphor appears in commerce as a 
coarse wet powder ot a greyish-white colour 
Chinese crude camphor is packed in round wooden 

E ots of about 150 lbs net content, Japanese m 
5ad-lmed wooden boxes containing about 
130 lbs. net. The prmcipal impurities of crude 
camphor are water, camphor oil, iron, sand, 
wood, &c. Light oil of camphor has a sp gr. 
of 0-895-0-920; b.p. 170°-180°, and contams 
pmene, camphene, dipentene, phollandrene and 
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fonchene. Heavy oil of aimphory having a 
8p.gr. of 0 960-0*970, and b p. 240°--300°, 
contains cadinene, safrol, eugenol, cineol, 
fenchone, terpmeol, &c. Besides these com- 
pounds, both of the oils contain a lar^6 amount of 
camphor in solution Before relinmg crude 
camphor, the oil and water must be got nd of, 
as the oil gives the refined camphor a fatty 
touch, and the water renders it opaque. The 
elimination of water and oil is often clTected by 
washing in a centrifugal machine with small 
quantities of water ; the liquid diaimng off 
contains both od and water The scpaiation 
IS also done by hydraulic pressure, or by 
crystallisation from boilmg benzene or light 
Iietroleum Rcsublimation in Euiope is done 
principally in glass retorts, yielding a round 
concave cake weighing 0-8 lbs , having an open- 
ing in the centre In Arneiica the camphor is 
sublimed from flat iron pans with iron coveis, 
yielding plates of about 18 inches scjuare and 1 inch 
thick, weighing from 8 to 10 lbs U’ho process 
consists in mixing the camphor with a little lime, 
charcoal or iron hlings, according to the quality, 
and charging each pan with about 12 lbs of 
material , the subliming pans are heated slowly 
for 2 hours, and then fired rapidly up to 190'', 
this temperature being kept for from 12 to 16 
hours After cooling, the refined pioduct is 
removed from the cover by slightly heating, and 
18 then cut into the desired shape (l)robcgg, 
J. Soc Chom Ind. 1907, 381) 

Punfied camphor comes on to the market 
in three forms, ^ bells,’ ‘ blocks’ and ‘flowers.* 
Block camphor consists of colourless translucent 
masses traversed by numerous cracks. It can 
bo broken but is too tough to admit of being 
powdered by trituration. This may, however, 
be readdy effected if a little alcohol bo added, 
which escapes again during the opeiation. 
Camphor finds very extensive commercial 
application m the preparation of celluloid, m 
medicmo where it is used externally as a mdd 
rubefacient and to destroy parasites, internally, 
as a carminative and intestinal dismfectant, 
and to a minor extent m the manufacture of 
explosives Sp gr 0 986-0 996 ; m p. 175", 
178*75° coir. (Lenz. Arch. Pharm. 1911, 249, 
289) ; b p 204° It sublimes to some extent at 
ordinary temperatures and condenses in hexa- 
gonal crystals {cf Polgcr, Y.B Pharm 1886, 
232) ; [a]jp 44*22° in 20 p c. alcohohe solution 
(Bcckmami, Annalen, 1889, 260, 353). Re- 
fraction coefficient (Kanonmkof, J. pr. Chem 
1885, [2] 31, 348) Camphor in common with 
chloral hydrate and some other substances 
rotates in a peculiar manner on the surface of 
water (lowermg of surface tension by solution), 
(Tomlmson, Phil Mag. 1873, [4] 46, 376 , Pharm. 
J 1874, [3] 4, 654, 672 ; Chem. News, 1885, 52, 
50). It IS very sparingly soluble in water 
(1 : 700), readdy in 90 p c. alcohol (1*1), also 
m chloroform and ether. Mixed with chloral 
hydrate, it forms an ody liquid CjoHigO, 
CCLCH0,H20, which has been employed in 
inedicme as an anodyne pigment (Brown, 
Pharm. J. 1873, [3] 4, 729; Saunders, chid. 
1876, [3] 7, 89 ; Cazeneuve and Imbert, Bull 
Soc. Chim 1880, [2] 34, 209 ; Zeidler, J. 1878, 
646 ; Albright, Amer. J. Pharm. 1886, 282) 
Similar combinations take place between 
camphor and chloral alcoholate (Zeidler), phenol 


' (Uger, Bull Soc Chim 1890, [3J 4, 725) ; 

! menthol (Kyle, Amer J. Pharm. 1885, 429), and 
thymol (Symes, Pharm. J 1879, [3] 9, 598). 

Camphor is a saturated hydroaromatic 
ketone, but does not combine with sodium 
bisulphite For identification purposes use is 
made of the oxime CioHjgNOH, m p. 118°- 119° 
(Auwers, Ber. 1889, 22, 605), the semicarhazone 
CioHie-N NHCONHg, m.p. 236°-238° (Tie- 
mann, Ber 1895, 28, 2191), the oxymeiliylene 
compound CioRjiO— -(-HOH, m p 80°-81°, and 
the hetmjlidene compound Ci(,lIi4C-=:CHCeH6, 
m p 96° Of its substitution products, one, 
a.A)i omocamphoi CioHigOBr has been employed 
m medicine as a sedative in nervous excitement, 
and IS an article of trade It is best jircpaied by 
treating powdered camphor with biomine at 
100°, pouring the liquefied product into water and 
rccrystallising fiom spiiit (Aimstrong and 
Matthews, (fliem News, 1878, 37, 4) It has a 
weak camphoraceous odour and taste , m p 
76° ; b p 274° It is insoluble in water, but 
soluble in the common organic solvents, in fixed 
oils, and m suliihuric acid By the action of 
reducing agents camplior is converted into a 
mixture of borncol and ^Aobonicol, the former 
picdommating (Beckmann, J pi Chem. 1897, 
[2 1 55, 35, Haller, Comj)t kukI 1887,105,227). 
On oxidation with nitric acid (Kachler, Annalen, 
1878, 191, 143) or hot alkaline permanganate 
(Crossci, Ber. 1881, 14, 2507), camphor yields 
camphor It acid ChH,4(COOH)2. 

iSynthelic Camphor , Inactive Camphor 
Camphor can be manufactuicd fiom tuipentmo 
oil, and has from time to time appeared on the 
market. It is termed ‘ synthetic * camphor to 
distinguish it from the so-called ‘ artificial 
camphor,’ which consists of pmene hydrochloride, 
and IS unsuitable for the chief purposes to which 
camphor is applied. Only when the prices of the 
natural pioduct aio abnormally high has 
synthetic camphor been able to compete with it 
Duiing the war, in (Germany, owing to the 
failure of supplies of ri-camplior, the Schermg 
mtciests and piobably othei firms (Houseman, 
Amer. J Pharm 1915, 87, 58) produced 

synthetic camphor m quantity, whilst the 
, American Camphor Corporation contend that 
they can supply the requirements of the celluloid 
trade with synthetic camphor (Oil, Paint and 
Drug Rep , March 29, 1915) Natural camphor 
and synthetic camphor only difter m their 
action on polarised light, the latter bemg either 
inactive or showing only a slight activity ; in 
their physiological action they are identical 
(Joachimoglu, Ber deut Pharm Ces 1916, 26, 
427). By working at low temperaturer, how- 
ever, Darmois (Compt rend 1910, 150, 925) has 
obtained synthetic camphor with the rotati n 
of natural camphor, French oil of turpentine 
yielding /-camphor, whdst turpentine from the 
Aleppo pine, Pinus halepenis (Mill ) yielded 
I d-camphor The various routes taken by 
' patented processes for the manufacture of 
I synthetic camphor arc shown by Fig. 1. 

I The first commercial process consisted essen- 
, tially in converting oil of turpentine mto 
j pmene hydrochloride, which compound by eh- 
! mination of hydrogen cliloride yields camphent . 

I Camphene is then convex ted into t^oborneol, 
which, like natuial borneol, yields camphor 
on oxidation, hor the preparation of pmene 
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liydrochloiide, oil of tuqionUne, which contains 
70-90 p.c. of pinene, depending on lin origin, is 
treated with dry hydrogen chlonde, whereby a 
sohd hydrochlonde is obtained together with a 


PINENE 



liquid hydrochloride which is not suitable for the 
manufacture of camphene. 'I’his liquid hydro- 
chloiide contains a considerable propoition of 
the solid hydiochloiide in solution, which may 
be iccovcred by oxidising the oily product with 
dilute nitric acid, or by extraction with petroleum 
after treatment with sulphuiic acid at 40°, 
which polymenscs the oil (Eng Pat 7319, 1908) 
The preparation of camphene by the removal of 
hydiogen chloride from pinene hydiochloiide 
(Wallach, Annalen, 1887, 239, (i , Riuhl, Ber 
1892, 25, 147 ; lieychlor, Bull Soc (5him 1896, 
[3] 15, 371) was at first attended with difhculty , 
the yield was small and the product was liable 
to contain chloiide During the last two 
decades the following methods have been 
patented for the pioduction of campheno in 
largo quantities, many of which are claimed to 
giye almost theoretical yields and a product fiee 
from chlonde . Hcatmg the hydrochloride with 
bases of the alipliatic senes such as me thy l- 
arnine, or with pipeiazme or piperidine (U S Pat 
707270, 1902), or with tertiaiy bases of the 
pyrichne and quinoline group (Eng Pat 5032, 
1906) ; by heating with alcoholic, aqueous, or 
gaseous ammoma (U 8 Pat 707271, 1902), or 
ammonia in presence of a phenol (D. R P 
2()4246, 1912) , by heating with aipieous sodium 
hydroxide or ammonia in presence of a soap 
(U 8 Pat 725890, 1903) ; by heating with lead 
acetate in glacial acetic acid solution (Fi Pat 
349896, 1904) ; by heating with glacial phos- 
phoric a( id in glacial acetic acid solution 
(D R P 207888, 1908), by heating with a 
metallic salt of a higher fatty acid (Eng Pat 
19960, 1906 ; 1948, 1907), or with a mixture of 
metallic salts of the fatty acids ( Eng Pat 2488, 
1913) ; by heating with a metal and an oxidismu 
agent, such as zinc and barium yieroxido in 
molecular proportions (Fr. Pat 361333, 1905) ; 
by heating with salts of phenols or naphthols 
either anhydrous or in presence of water (Eng 
Pat 16429, 1906; 21180, 1906; 5674, 1908), 
by hefting with lime or other similar oxide 
(Fr Pat 375897, 1907 ; Eng Pat. 25453, 1907), 
in the presence of phenol at 180° (Eng. Pat. 
22810, 1906), in the presence of polyvalent 
alcohols or carbohydrates (Eng. Pat 10784, 1907), 
by heating with alaali, and alkali oi alkaline earth 
salt of a sulphonic acid of the benzene or naphtha- 
lene series (Eng. Pat. 10783, 1907) ; by heatmg 
with alkali or alkaline earth salts of organic sul- 
phanudes or with phenolsulphomc acids (D. R P 
197346, 197805, 1907) ; by heatmg with alkali 
or alkaline earth hydroxides m presence of 
compounds which combine with water such as 
alkali or alkaline earth oxides (Fr Pat. 413282, 
1909) ; by heating with zinc oxide m presence of 
alkali Hydroxide (Eng. Pat. 11029, 161 1); by' 


heating with a- or jS-naphthylarame (1) It P. 
206386, 1907), or with aniline (D. R. P 205850, 
1907) ; by heating with a meta- or pyro-borate, 
silicate, phosphate or arsenate m aqueous solu- 
tion (D. R. P. 205295, 1908) ; by heatmg with 
phenol, cresol or naphthol and the carbonate of 
an alkali or alkaluie eaith metal (Eng Pat. 
13902, 1909) ; by heating under reflux until the 
hydrocliloric acid has gone (U 8 Pat. 923967, 
1909) ; by the (Ingnard reaction (Hesse, Ber 
1906, 39, 1127) According to Eng. Pat. 10227, 
1910, pinene vapour when passed over a 
catalyst at 200°-3()0° is converted into camphene 
Beitram and Walbaum (J pr. (3iem 1894, 
[2J 49, 1) made the discovery that camphene is 
conveited into i*‘oborneol by warming with a 
mixtuie of acetic acid and a little sulphuiic acid, 
and decomposing the resulting lAobornyl 
acetate by alcoholic potash. This method is 
employed on the manufactuiing scale A 
valiant of the method is deseiibed m Eng. Pat 
19961, 1906, wheio camphene is heated with 
oxalic acid in a suitable solvent with a condensing 
agent such as sulphiinc or phosphoric acids with 
foimation of noimal and acid esteis of i(Soboineol. 
Camphene has also been diicctly converted into 
lAoboineol by boiling in acetone with half its 
weight of 20 p c HgiSOi for 10 houis, oi m an 
autoclave at 100° for a shorter time (Fr. Pat 
385341, 1907) The t^oboineol purified by 
crystallisation from light petroleum or benzene 
IS tlien oxidised to camphor. Foi this purpose 
vaiious oxidising agents aie employed, many of 
which have been patented Amongst these are . 

! iiotassiuin permanganate m glacial acetic acid 
(Ber. 1900, 33, 3430) ; a([ueous solution of 
pcimanganate employed with a benzene solution 
of i^oborncol (Fi. Pat 341513, lOO-t) , potassium 
permanganate m alkaline solution (D R P. 
Anm. 38311, 1904) , chloime, eithei gaseous or 
in solution (Eng Pat 28035, 1904, US Pat 
802792, 1905) , hypochlorite, either alone 

(U 8 Pat 864162, 1907), or m presence of copper 
and ferric chlorides (Eng Pat 20050, 1908) ; 
chromic acid or chromates (Eng Pat 26779, 
1904 , 14550, 1907) ; m acetone solution (Eng. 
Pat. 21946, 1907) ; or m presence of an iiulifferent 
solvent (Eng Pat 5513, 1908 ; 24779, 1912) ; 
nitric acid m winch the presence of mtrous acid 
13 essential (Eng Pat. 9857, 1907) ; mtiic acid 
in presence of vanadic acid and oxygon (Eng. Pat. 
18047, 1908) ; nitric acid in presence of a halogen 
(U8 Pat 1313661, 1919), oxygen (U.S Pat. 
801485, 1905) ; oxygon, oxides of heavy metals or 
peroxides (Fr Pat. 385352, 1907); basic oxidising 
substances, e.g. CuO, ligO (Eng Pat. 3750, 1908) , 
metals or oxides which can liberate hydrogen 
from woborneol (Eng Pat 26708,1008); electro- 
lytic methods (U 8. Pat 875062, 1907 ; Fr. Pat 
387539, 1907) ; ozone (V 8 Pat. 801483, 1905) , 
mtrous anhydride (U.8. Pat. 802793, 1905) ; 
metalhc copper at 300° in absence of air (EUg. 
Pat. 17573, 1906). According to U 8 Pat. 
790601, 1905, and Eng. Pat 21171, 1906, i^o- 
bornyl acetate and other isobornyl esters can be 
directly oxidised to camphor without previous 
sapomfication. 

Camphene can also be directly oxidised to 
camphor (Armstiong and Tilden, Ber 1879, 12, 
1766), and the following processes have been 
patented : Treatment with ozone at 80° (Eng 
Pat. 21294, 1890) ; treatment with hot air or 
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oxygen (Eng. Pat 3555, 1890) , oxidation by 
pota 88 ium peiinanganato in acetone solution 
(addition to Fr Pat 349890, 1904) ; treatment 
of camphene at 180° with an oxidising agent, 
such as chromic acid, converts it into oxomde 
CjoHieOg, which loses oxygen on treatment with 
water, and is converted into a lactone, campheno- 
hde, which yields camphor on heating in 
presence of watei (Fr. Pat 301333, 1905) , 
oxidation with a per- salt of potassium and 
sulphuric acid (Fr Pat 389092, 1908) 

Another method of obtaining synthetic 
camphor depends on the formation oi bornyl 
and t«oboinyl esters by the diiect action of 
various acids on pincne or turpentine oil The 
following processes have been patented : Ticat- 
mciit of anhydious turpentine at 120°- 130° 
with anhydrous oxalic acid (U S Pat 698701, 
1902, cf. Pond, J 8 oc Chcni Ind 1907, 385) , 
by heating pinenc with anhydrous oxalic acid m 
presence of anhydrous chlondes, e g. AlClg with 
the adchtion of a diluent (Eng Pat 14408, 1908) ; 
by heating turpentine with an alcohol and an 
acid anhydride, e g ^'1' 120°-140° (Eng Pat. 
11248, 1908) ; by heating pincne with an 
aromatic polysubstituted acid (Eng Pat 18049, 
1908) ; terpenes or oils contaimng terpenes 
heated at 100 ° with propiomc or butyric acid 
(Fr Pat. 408100, 1909) Similar methods, 

based on the direct formation of bomyl or tso- 
bornyU esters from pmone hydrochloride, have 
been patented . by heating with an alkaline 
formate or oxalate in alcohol and water for 
10 hours to 120° (Eng. Pat 5549, 1904); by 
heating with metallic formates and formic acid 
(Eng Pat 14379, 1907) , solid pincne hydro- 
chloride IS heated with an alkaline earth oxide 
in presence of excess of a lower member of the 
fatty acids (Fr Pat. 393504, 1908) ; turpentine 
treated with dry hydrochloric acid gas is boiled 
with an alkali, alkaline earth or mettdlic butyrate 
or propionate in presence of excess of the corre- 
sponding fatty acid (Fr Pat 408055, 1909) , by 
heating pincne hydrochloride in acetic acid 
solution with lead acetate (Fr Pat 349890 
1904) ; by heating in acotic acid solution with an 
acetate and fused CaOlg or KH 8 O 4 (Eng Pat 
1930, 1908) ; by lieatmg with acetic acid m 
presence of zme chloiide (Eng. Pat. 8200, 1900), 
or some other zinc salt (Eng. Pat 10798, 190b), 
and with addition of an alkali or alkalme earth 
salt of a formate, acetate or butyrate (Eng Pat. 
18280, 1900) ; by heatmg with the acetate of an 
alkaline earth for 20 hours at 180° (Fr Pat 
375590, 1907) , by heating with a fatty acid in 
presence of metallic zinc (Eng Pat. 10005, 1907), 
or by heatmg with organic acids in presence of 
zme (Eng. Pat. 14752, 1908) ; by heating with 
fatty acids and zinc chloiido in presence of 
cobaltous chloride or other suitable inorganic 
salt (Eng. Pat. 22129, 1907) ; sohd pineno 
hydrochlondo is shaken with a salt of acetic or 
stearic acid or phenol with an excess of either 
acetic, steanc acid or phenol in presence 
of a dehydrant (Fr Pat 382790, 1900) 

The direct conversion of pmone hydro- 
chloride into camphor is claimed m Eng Pat 
27317, 1913, by heating with mtric acid or its 
salts in presence of a catalyst, whilst two pro- 
cesses for the conversion of tuipeutme into 
camphor have been patented. They are : 
turpeutme is treated with a halogen at a low 


temperature, —25'^, until the increase m weight 
18 26-50 p c., and the product, still at a low 
temperature, is mixed with one-eighth to one- 
fifth its weight of NaOH, when it is converted 
into camphor (Fr Pat. 392182, 1907) ; turpen- 
tine m a neutral solvent is treated with nascent 
oxygen (Fr Pat 400005, 1908) 

(For analyses and points of difference 
between natural and commercial synthetic 
camphor, see Ciane and Joyce ( J. Soc. Chem Ind. 
1907, 380), Lohmann (Bcr. dcut Pharm. Ges. 

1909, 19, 222), and Lenz (Aich. Pharm 1911, 
249, 289).) 

Lcevo camphor ; Matricaria camphor 
This camphor occurs naturally m the volatile 
oils of Fcveifew, Matncana Parthenium (Linn ) 
(Chautard, J. pr. Chem 1848, 45, 46 ; Oompt 
rend 1853, 37, 100) ; Tansy, Tanaceium vulgar e 
(Linn.) (8chimmels; Rep 1895, li. 35) , and 
Artemisia Nana (Pursh ) (Whittelsey, Chem 
Zentr. 1909 , 11 2100). It is also a constituent of 
Ngai camphor, the sohd portion of the oil of 
mamta balsainifera (D.C ) (Schimmels Rep 

1910, 1 149). It can be prepared by oxidation 
of camphene obtained from l<BVorotatoiy pmene 
(Riban, Bull, Soc Chim. 1900, 24, 19 , ilaimois, 
Compt. rend 1910, 150, 925), and by oxidation 
of /-bomcol with nitric acid (Pope and Harvey, 
Chem Soc Trans 1901, 79, 76). It diffeia from 
common camphor only in its behaviour towards 
polarised light. 

I Inactive camphor is a constituent of the 
I oil of Chrysanthemum smensc (var.) japoni- 
\ cum (Koimatsu, J. pharm Soc. Japan, 1909, 

I 230, 1) 

! The followmg are the more important 
isomeridcs of camphor which occur naturally 
m volatile oils: Fulegone CioHigO, is only 
found m oils of the Labiatce, chiefly in European 
Pennyroyal, Mentha pulegium (Lmn ) (Bockmann 
and Pleissner, Annalen, 1891, 262, 1) ; Fenchone 
in its dextro modification is a constituent of oil 
of h^ennel, Focniculum vulgare (G ) (Wallach, 
Annalen, 1891, 263, 129), wlulst the Itevo variety 
IS found in oil of Thuja, Thuja ocudenlalis (Lmn ) 
(Wallach, Annalen, 1892, 272, 99) , Thajone 
occurs m thiee forms, as d-a-lhujoHc m Thuja oil 
(Paolini and Hivizia, Atti. R. Accad dci Lincei, 
1912, 21, [IJ 570) , as l-a-thujone in the same oil 
(Wallach, Annalen, 1893, 272, 99) ; and as 
d-fi-thujonc m oil of Tansy, Tanacetum vulgare 
(Lmn ) (Semmler, Bei. 1892, 25, 3343), and oil of 
; Wormwood Artemisia Absinthium (Linn ) {ibid ) ; 

I Ciiial is a frequent constituent of volatile oils 
I and a major ingredient of the oil fiom Back- 
I houbia citriodora (F v M ) (Bertram, Schimmels, 
i Rep. 1888, 11 . 17), and of Lemon-gr .ss oil, 

I Cymbopogon flexuosus (Stapf.) {ibid.) ; Sabinol 
IS the most important constituent of oil of Sav.n, 
Juniperus Sabina (Lmn.) (Fromm, Ber. 1898, 
31, 2026). 

The more important homologues of common 
camphor belong to the sesquiterpene alcohols 
{see Terpen E s) Owmg to their capacity for 
crystallising from volatile oils some of them havq 
long been known 

Matico camphor CjgHgeO, was formerly a 
constituent of oil of matico. Piper angusiifolium 
(Ruiz et Pavon), but appears to be absent from 
present day oils. M.p. 94°, [a]^— 28 7° (m 
chloroform). Boihng with 26 p.c. sulphuric 
acid converts it into a blue sesqmterpene 
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C15H24 (Kiigler, Ber 1883, 10, 2841 , Thoms, 
Arbeit Pharm. Inst. Berlin, llk)5, 2, 125). 

Cedar cam'phor. Cypress camphor ^ Cedrol 
Cl fill ^<,0, IS a frequent constituentof the volatile 
oil of Jumperus mrgimana (Linn ), m p 86° -87*^, 
l®]j) chloroform). It yields cedrene C, 5H24 

when treated with phosphoric anhydride 
(Walter, Annalen, 1841, 39, 247, cf also Semmler 
and Mayer, Ber. 1912, 45, 1384) 

Ciihebs camphor CjgHaeO, is a constituent of 
the volatile oil of Piper Cuheba (Linn ), when it 
has been exposed to the air for some time 
M.p. G8°-70°, b p 148°, with loss of water, a 
change which very leadily takes place under 
various conditions of treatment formmg a 
sesqmterpciie (Schmidt, Ber 1877, 10, 188 , 
Schacr and Wyss, Arch Pharm 1875, 206, 316) 

Ledum caynphor OisH^gO, obtained from the 
volatile Oil of Marsh Tea, Ledum pala&tre (Lmn ). 
Needles, mp 104°- 105°, bp. 282°-283° The 
sesquiterpene, ledene Ci6t^24» is readily produced 
by the action of (ichydratmg agents (Rizza, 
Chem. Zenti 1887, 1257 ; Hjelt, Ber 1895, 28, 
3087 ; Lomidso, Chem. Zeit Report, 1903, 27, 
284) 

Fatchxjuli camphor, patchouli alcohol 
C15H25O, eiystallises out fiom patchouli oil, the 
product of Pogostemon Patchouli (Pell ), m [> 
66°, 97 7° (m chloioform) It leadily loses 

the elements of water foiimng jHitchoulene 
^16^24 (Montgolher, (jompt rend 1877, > 

Wallach, Annalen, 1894, 279, 394 , Sehimmels, 
Rep 1905, 1 62) 

Ludesmol 2 ^ 0 , IS a constituent of the oils 
of vanous species of Eucalyptus, but especially 
of E macrorhyucha{P v M ) (Baker and Smith, 
J. Lmn Soc. NSW. 1899, 33, 86) M p 84°, 
[aj^ 3 1 3° (in chloroform) (Semnilei and Tobias ; 

Ber 1913, 46, 2026 , Semmler and Risse, ibid 
2303). 

Thyme and allied camphors. Thymol C10H14O, 
/.sopropyl w-cresol 

Thymol is a constituent of the volatile oils 
of Ajowan, Carum copticum (Bcnth ) (Haines, 
Chem Soc Trans 1856, 8, 289 Stenhousc, 
Annalen, 1855, 93, 269, ibid 1856, 98, 309, 
Muller, Ber 1869, 2, 130) , Thyme, Thymus 
vulgarvs (Lmn ) (J)overi, Annalen, 1848, 64, 374; 
Lallemand, ibid 1857, 102, 119) ; Wild Thyme, 
T. Serpyllum (Lmn ) (Jahns, Ber 1882, 15, 819, 
Ocimum viride (Willd ) (Coulding and Pelly, 
Proc Chem Soc 1908, 24, 63) ; Horsemmt, 
Mouarda punctata (Lmii ) (Arjipc, Annalen, 
1846, 58, 41) , Eatureia Thymbra (Lmn ) 

(Sch’mmels, Rep 1889, 11 55) , Onganumhirtum, 
(Link.) (Holmes and Umney, Perf. and Essent. 
Oil Rec., 1913, 4, 73) On the manufacturing 
scale it IS prepared from Ajowan and Horsemmt 
Oils {cf. Holmes, Perf and Essent, Oil Rec , 1916, 
7, 3 1 1 ; also U S Dept. Agric. Bull. 372, 1916), by 
extraction with caustic soda solution, when the 
thymol forms a water soluble sodium salt, and is. 
thus separated from the hydrocarbons The 
alkaline solution is acidified with hydrochloric 
acid, which precipitates the crude camphor. It 
may then be purified by crystallisation from 
glacial acetic acid or alcohol. Another plan is 
to submit the oil to fractional distillation and to 
freeze out the thymol from the heavier portions 
of tne distillate. A possible source for syn- 
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thetic thymol is cyinene (U.fcJ. Pat. 1306512, 
1919) 

Thymol has the odour of thyme and a warm 
pungent taste; m.p. 50'5°-51 5°; bp. 232° at 
752 mm. It is sparingly soluble m water 
(1 ; 1200) and glycerme (1 : 1000), but readily m 
the usual organic solvents and alkalme solutions. 
It foiins a liquid with menthol (Kyle, Amcr J. 
Pharm. 1885, 429) ; camphor (Symes, Pharm. J, 
1879, [3] 9, 698) , berbenno (Lloyd, New 
Remedies, 1881, 195) , but not with chloral 
hydrate (Symes, cf. Mazzaia, Cazz chim ital. 
1883, 13, 272) If a solution containing thymol 
be warmed with half its volume of glacial acetic 
acid, together with more than its volume of 
sulphuric acid, a deep red-violet colour is 
developed. This reaction is obtained oven in 
very dilute solutions Eoi the further identifica- 
tion of thymol use is made of the phenyl car- 
bamate CioH|gOCONHPh, mp 107® (McKenzie 
and Senmilci, Ber 1906, 39, 1158), and nitio- 
sothymol C,o11i80(NO), m p 160°-162° (Schiff, 
Ber 1875, 8, 1500) The mdhyl ether of thymol 
L’loHigOMe occurs natuially in the essential 
oil of sea-samphire, Crithmum marilnium (Lmn ) 
(Del6pmc and Belsunce, Bull Soc Chim. 1918 
Liv J 23, 24) 

Eor estimation of thymol in essential oils, 
Kremers and 8chreiner (Chem Zentr. 1897, n 
147, cf Messmger and Voitrnann, Ber. 1890, 23, 
2763) recommend the following process A 
known weight of the sample is mixed with an 
equal volume of light petroleum in a stoppered 
buiette, and agitated with 5 p c aqueous caustic 
soda till no fuither dimmution of the oily layer 
takes place, and a drop of the oil dissolved in 
20 drops of cJiloroform, on gently warming 
with a small piece of sodium hydioxide, docs not 
turn red U'ho dcciCiise m volume is obseivcd 
01 the alkalme liquoi can bo titrated with lodme, 
but it appears tho lesults obtained by titration 
aie about 3 ji c lower (For lodomctric 
estimation, sec also Messmgci (J pr Chem 1900, 
[2J, 61, 247) 

(Foi the estimation of the puiity of thymol, 
see Seidell (Amci Chem J 1912, 47, 508) , 
Elion (J Amer C!hem Soc 1917, 39, 1513) , 
Redman, Weith and Block (J Ind Eng Chem 
1913, 5, 831) ) 

Thymol is extensively used m medicine on 
account of its strong antisejitic properties. In 
its geneial behaviour it resembles caibolic acid 
It has also been used mteinally as a vermicide 
Of its derivatives a gieat number have been 
tiled in medicine, but only thice have been used 
to any extent : Thymol iodide (Messmger and 
Vortmann, Bor 1890, 23, 2754 ; Carswell, 
Chem. News, 1893, 68, 181, D R P. 49739, 
1889) obtained by condensation of two molecules 
and the introduction of two atoms of iodine is 
used as a substitute for iodoform ; thyrnoform 
[CioHigOJaCHa (D R P. 99610, 1898) used as an 
antiseptic dusting powder ; thymol carbonate 
(CioHi 30 ) 2 CO (Richter, J. pr Chem 1883, [2] 
27, 505) IS used as an anthelminthic 

Camphors isomeric or homologous with thyme 
camphor. Carvone, formerly carvol Ci(,Hi 40 , 
b.p 230°, IS a liquid isomendo contained m the 
following volatile oils Caraway seed, Carum 
carvt (Lmn.) (Wallach, Annalen, 1893, 277, 107), 
and Dill-fruit Anethum graveolens (Lmn ) 
(Gladstone, Chem. Soc. Trans. 1872, 25, 1), both 
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containing 60 to 60 p.c. d-carvonCf whilst l-carvone 

15 contained m the volatile oils of Spearmint, 
Mentlia vindia (Lmn ) (Gladstone, ihtd. 
Fluckiger, Ber. 1876, 9, 473) ; Kuromoji, 
Lindera sericea (Bl.) (Kwasnik, Arch. Pharm 
1892, 230, 265). i-Carvone has been found m 
Ginger-grass oil, Cy^nbopogon Marhm (Stapf ) 
(var ) t^ojia (Walbaum and Huthig, Schimmels, 
Rep. 1905, 1 . 34). For the isolation of carvone, 
its power of combining with sulphuretted 
hydrogen to form a crystalline hydrosulphide 

m p. 2l0°-21l°, is employed 
(Fluckiger, Ber, 1875, 9, 468 , Wallach, Annalon, 
1899, 305, 224) , but a simpler process is to form 
the water soluble compound with neutral sodium 
bisulphite (c/ Sad tier, J Soc Chem. Ind 1904, 
23, 303) On reduction caivone yields dihydro- 
carveol CioHj^O, a constituent of Caraway Oil 
(Schimmels, Rep. 1906, i 50) 

Carvacrol, cymophenol C 10 H 14 O, J^oprojiyl 
o-cresol is a thick oil, solidifying at 0", b p 
236^^-237°, closely related to thymol It is 
formed by distilling carvone in presence of 
sulphuiic acid, phosphoric acid, or caustic potash, 
and occurs mainly in various thyme, origanum 
and monarda oils. It may also bo obtained by 
chemical means fiom Spruce Turpentine (U S 
Pat. 1265800, 1918, cf also J Ind Eng 
Chem 1918,10,982) For its identification the 
phcnylcarhamale CioHigOCO-NHPh, m p, 140° 
(Gildemeister, Arch. Pharm. 1895, 233, 188) and 
its mtroso-denvative (\oHia^(NO), ru.p 153° 
(Klages, Ber. 1899, 32, 1518), are especially 
suitable 

Irone CuIIgoO is a constituent of oil of orris, 
the product of distillation of Ins gcrmarnca 
(Linn), I pallida (Lam), and 1 fiorcntina 
(Linn ) (Tiemann and Kruger, Ber 1803, 26, 
2675) In the diluted state it has an odour of 
violets Bp 111°-112° at 2 mm, 144° at 

16 mm. It has been synthesized from acetone 
and A 4 -cyclocitral (Merhng and Welde, Annalen, 
1909, 366, 119), sec Terfumes. 

Sanialol Ci 6 H 240 is a liquid camphor ob- 
tained fiom the volatile oil of sandalwood, 
Sanialani album (Lmn ) Idle commercial pio- 
duct known under vaiious trade names is pie- 
pared by steam distillation of the finely divided 
sandalwood The bulk of the world^s supply 
comes from Mysoie, wlieie it was bemg distilled 
locally (Perf and Essent Oil Rec 1917, 8, 
359) The physiological action of the oil is 
attiibuted to its alcohohc constituent, santa- 
lol, which 18 present to the extent of about 
90 p c., and has been separated into a-santalol, a 
tluek colourless liquid with a faint odour of 
sandalwood, bp 301°-302°, 1° 13', and 

fi-satUaloly bp. 158° at 5 mm., 41°47'(von 

Soden, Arch Pharm 1900, 238, 353, Schimmels, 
Rep 1910, 11 . 107). 

The oxygen content of the foregoing cam- 
phors IS one atom. The followmg contain two 
atoms of oxygen : Diosphenol, Buchu camphor 
CioHigOg, a crystallme separation from oil of 
Buchu leaves, Barosma hetulina (Bartl ), 
B. crenulata (Hook ), B. serratifoha (Willd.) 
(Fluckiger, Pharm. J. 1880, [3] 11, 174, 219), is 
closely related to thymol and carvacrol, mto 
which it passes quantitatively by the action of 
concentrated hydrochloric acid at 160°- 180° 
Mp. 83°-84°, b.p. 109°-110° at 10 mm. It is 


; characterised by its reduction of ammomacal 
silver solution and Fehlmg’s solution ( 8 emmler 
land McKenzie, Ber. 1906, 39, 1168; Konda- 
! kolf and Bachtscheef, J. pr. Chem. 1901, [2J 
63, 61) 

Inula or Alant camphor, alantoUictone 
O 15 H 20 O 2 IS the chief constituent of oil of 
Elecampane, Inula Helenium (Linn ) (Kallen, 
Dissert. Rostock, 1895). M p. 76°, b p. 276°, 
with partial decomposition (Bredt. and Posth, 
Annalen, 1895, 285, 349). It dissolves m 
alkalis with formation of the corresponding 
hydwxy acid, winch melts at 94°. The lactone 
has been used in medicine, under the name 
* helemn,’ as an antiseptic for internal use. {See 
also Spiinz, Aich. Pharm 1901, 239, 201 ) 

H. K. 

CAMPHORAL. Tiade name for the cam- 
phoric acid ester of santalol. 

CAMPHOSAN. A solution of camphoiic acid 
methyl ester in santalol. 

CAMWOOD. Camwood or ‘ cambe wood,’ 
stated to be derived fiom a variety of Baphia 
nitida {cf baiwood), is very similar in general 
properties to the other ‘ insoluble red ’ dye- 
woods It IS, howevoi, 111010 expensive, yields 
deeper shades on dyemg, and its colouring 
matter is said to be more soluble than that 
present in the other woods 

It has been examined by O’Neill and Peikiii 
(Chem Soc. Trans. 1918, 113, 126), who employed 
for this purpose similar methods to those found 
serviceable with sanderswood {I c ) 

Iso-santahn, the mam colouring matter, 
forms a chocolate-colouied powder, which on 
grmding becomes redder m appearance, and is 
readily soluble in boiling methylated spirit 
When heated, it shows no sign of melting, 
daikcns at 280°, and is fully decomposed at 
290°-300°, being then a carbonaceous powdei. 
It possesses the formula C 22 tli 6 ^ 6 (^l-'^^ 3 ) 2 » 
gives with alcoholic potassium acetate the salt 
C» 6 H, 3032 K or 072 Hg 5024 K, shows evidence of 
the formation of soluble oxonium salts, and in 
general properties closely resembles its isomer 
santalin. The colour reactions and also the 
j* dyeing properties of the two compounds indicate, 
however, that they aio distinct substances . — 

I Sautahii Iso-saiitalhi 

Alcoholic hydro- 

bromic acid . Crimson Rcddish-violet 

Dilute sodium 

I * hydroxide . . Dull red. Dull violet. 

Alcoholic foinc 

chloride . . Violet Bluish- violet 

For dyeing the colouring matter in alcohohc 
solution was added to the water m the dye-brth 
and the dyeings were carried out (a) employmg 
wool alone, (6) employmg wool alone and subse- 
quently saddening with bi chrome, (c) employing 
wool mordanted with bichrorne and cream of 
tartar, and {d) employing wool moidanted with 
bichrorne and sulphuric acid. 

{a) {b) 

Santalin . . Pale dull Dull reddish- 

red. blown. 

(c) {d) 

Santalin . . Pale reddish- Pale red- 

pink. pmk. 
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(«) (b) 

Iso-santahn . Pale violet- Dull violet- 

red. maroon. 

(c) id) 

Iso-santahn . Violet-red. Violet-red 

weaker than (c). 

Acetyl-iso-santalin C 24 Hi^ 0 M(CaH 30 ) 4 , con- 
sists of a deep salmon-coloured powder, and does 
not possess a definite melting-point, being 
gradually decomposed without fusion between 
250°~280°. A molecular weight determination 
employing naphthalene gave the high ligure 
2344, a result very similai to that given in these 
circumstances by acetyl -santalm itself, and 
which may possibly be due to the production of a 
colloidal solution 

Deoxifiso-santalin ^"24^1 3)2» corre- 

sponding to the deoxy santalm of sanderswood, 
IS a scarlet amorphous powder which has not 
yet been obtamed in a definitely crystalline 
condition. When heated, it did not show a 
distinct melting-point, but decomposed at lfiO“- 
165° with evolution of gas A solution of this 
substance m absolute alcohol gives no immediate 
precipitate with potassium acetate, as happens 
in the case of iso -santalm, and only when excess 
of the reagent is employed is a gelatinous deposit 
formed 

A comparison of the colour reactions and 
dyeing properties of deoxy-iso-santalm (a) and 
deoxy- santalm ( 6 ) is given in the following 
table — 

(a) ( 6 ) 

Alcoholic solu- 
tion* . Orange Oiango-biown 

Alcoholic hy- 
dro biomic 

acid . Blight crimson Scarlet. 

Dilute sodium 

hydroxide . Ciimson- scat lot Scarlet 

Alcoholic feiric 

chloride . Violet. Maroon. 

The dyeing experiments were earned out by 
the same methods as those desciibcd above. 

(a) {b) 

Deoxy-iso- Palo red- Red puce, 

santalm . violet 

(c) {d) 

Deoxy-iso- Dull red- Pale dull 

santalm violet red- violet. 

(«) {b) 

Deoxy -santalm Red Dull bluish- 

icd 

(c) {d) 

Deoxy-santahn . Dull Red. 

crimson 

Aceiyl-deoxy-ifyo-santalm C 24 H 20 D 7 ( 021130 ) 4 , 
when heated, fused and decomposed at 170 °- 175 ° 
It consists of an almost colourless powder 

differing considerablv m appearance from 
acetyl-iso-santalin. A molecular weight de- 

termination, employing naphthalene as solvent, 
gave the figure 1324, which is approximately 
half that found in the same circumstances for 
ac etyl-iso-santalin. 

By exhaustion with alcohol the sample of 
camwood employed by these authors gave 16 p.c 
of extract. 


Camwood does not appear to contain either 
ptero-carjim or homopteio-carpin. A, G. P 

CANADA BALSAM v Balsams , and Oleo- 
RESINS. 

CANADA PITCH or HEMLOCK SPRUCE 
RESIN V Resins. 

CANADINE, A member of the isoquinoline 
group of alkaloids, occurring together with 
hydras tine and berbeimo m Hydrastis Cana- 
densis Sec under IIydkastine 

CANADIUM. A term formcily applied to a 
supposed new element , now used to denote an 
alloy of 1 part palladiiiiii, 2 parts of platinum, 
and 6 parts of nickel, used as a suhstitute for 
platinum It has similai resisting powers, and 
melts at about 1570° Its cost is about halt that 
of platinum (Heath, Met and Chem Eng 1017, 
17, 666) 

CANADOL. Petioleum ether or ligiom 
That portion of refined petroleum which boils 
at about ()0° and lias sp gr of 0 65 to 0 70 , 
consists mainly of 1101 mal hexane {xi Pakafiin, 
and Petkolkum). 

CANANGA OIL v Oils, Essential. 

CANARIN. A yellow colouring matter ob- 
tained by the action of firomino or a mixture of 
potassium ehloiato and hydroehloiie acid 01 
ammonium pemiiljihate upon potassium or 
ammonium thiocyanate, it piobably consists 
of OgHe()N 8 S 7 (Goldbeig, .1 pr C4icm 1901, 11 , 
(i3, 465 , 64, 439 , cf H Hclimid, Dingl l)oly J 
251, 41) (Foi details of mode of preparation, 
V ibid 253, 130 , also J Soc Chem Ind 3, 
476) Cloth dyed with eanaiin lesists light and 
soap Neither concent 1 . Red acids noi alkalis 
destroy it or dissolve it out of the fibre Bleat h- 
ing powder has no action upon it Acts as a 
moidant for basic aniline dyes 

CANDELILLA WAX. (\indelilla wax 
occurs as a deposit on the suiface of the can- 
delilla plant (piobably Knphoihia antisyphihtica), 
which grows wild in Mexico and 'rexius Origin- 
ally th<* wax was separated by boiling the parts 
of the plant with water, but of leient years a 
method of extraction with ehloiofoini has been 
introduc(‘d, some of the voiks being capable of 
dealing with 5 tons a day Eioin 2 5 to 6 p t 
of crude wax is obtained, and is puiified by 
straining and melting in watei eontaming 0 5 to 
1 p c of sulphuric acid The crude grey pioduct 
contains up to 6 5 p c of water, 3 to 15 p c of 
dirt, and 0 5 to 1 5 p c of mineral matter The 
purer red or brown variety is probably obtamed 
by the exti action method (Berg, Chem Zeit 
1914, 38, 1162) 

Several methods of cxti action have been 
patented In Sharp’s process (U S Pat. 
1018589, 1912) the wax plant is boiled with 
petroleum spirit in the presence of fullei’s 
earth, the extract clarified, and the solvent 
evapoiated In Watson’s patent the plants 
arc heated to 149°, and subjected to the action 
of a downward current of steam (U S Pats 
1042992, 1912, and 1058648, 1913). A special 
form of extractor devised by Thatcher (U S Pat 
1056378, 1913) comprises a digesting compart- 
ment, reservoir for the solvent, and vaporisers 
to evaporate the solvent 

The crude greenish-grey wax melts at 
67°-68°, and has sp gr. at 15°, 0 9825-0 9850 ; 
acid value 12 *4- 14 *39 ; saponification value, 
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4G l-b4’9 ; iodine value, 16 6-36*8 ; un- 
BapomGable matter, 77-91*2 p.c., largely con- 
sisting of hydrocarbons. The constituents 
identified include hontnacontane, dotnocontane 
(m.p. 71°), myncyl alcohol, two cholesterols, an 
oxylactone (m.p. 88°), and resmous constituents 
giving the Li^ermann-Storch reaction (Fraps 
and Kather, J Ind Eng. Ohem. 1910, 2, 464 , 
Haro and Bjerrcgaard, ibid 1910, 2, 203 , 
Sanders, Chcm Soo. Proc. 1011, 260 ; Meyer and 
Soyka, Monatsh. Chem, 1913, 34, 1159; Berg./.c ) 
A difficulty attending the use of the pure 
blown or red wax, is that it can only be bleached 
after the addition of a considerable quantity of 
paraffin wax, and is therefore only suitable for 
the manufacture of inferior kinds of varnish, 
for insulating telephone wires, and especially 
for boot polishes, for winch its low m p is an 
advantage. Foi other purposes, such as candlc- 
making, it is inferior to carnauba wax (m p 
83-91°) Wa\i.s) C a. M 

CANDLES. Candles represent some of the 
most ancient and most useful forms of illumi- 
nants The excellence of a candle depends on 
the natuio of the wick and of the combustible 
matter, and on the manner and extent in which 
these are apportioned The prototype of the 
candle was undoubtedly the toich, winch must 
bo legarded as a huge wick with the minimum 
amount of combustible matter, this pioportion 
being gradually altered until the ratio used at 
present, viz. about I part wick to 60 parts of 
combustible matter, is reached. 

The following table shows the stages in the develo])- 
, ment of candles. 

Torch Pine branches or shps (Lat. tceda), 
saturated, naturally oi aitificially, with 
resinous oi fatty matter 
Link Rope-strands steeped in losin, tar, or 
pitch ; in olden times, doubtless, in 
asphalt or bitumen. 

Flambeau. A core of hemp, soaked in rosin 
and coated with crude beeswax. Later, 
the outei coat was made of bleached wax 
Dips. Wioks of rush-pith (rush lights), ciudo 
llax or cotton, and subsequently of twisted 
cotton yarn, coated with beeswax or tallow 
by repeated dippings. 

Moulds ( Introclucea about the 15th century 
by the Sieur de Broz.) Hard tallow, sper- 
maceti, stearme, or parafiin wax, cast 
round the wick in a mould. 

In addition to these varieties may be men- 
tioned rolledf 'poured, and drawn candles 

Dips, the cheapest, as well as the oldest form 
of candle, were made until comparatively lately 
of tallow or household grease. Beeswax candles 
were usually poured, drawn, or rolled. The 
great advantage of the ‘ dip ’ hes in the ease 
with which it can be made The tlmfty house- 
keeper was wont to set aside the superfluous 
kitcnen fat for meltmg day, when part went to 
make soax), whilst the harder portions were 
formed into candles. The fat was thrown into 
boiling water and boiled three or four times with 
a httle salt to ‘ rendei ’ it. The dirt and im- 
purities being removed by subsidence, the clean 
liquid fat was run through a strainer into the 
candle pan. 8ome skill and experience were 
requiied to regulate the temperature of the 
melted fat. If too hot, the hquid fat would run 


off the wicks ; if too cold, the matenal would 
congeal too quickly and adhoio to the wicks 
irregularly and in lumjis. In households these 
would be rushes, divested of their peel with the 
exception of a thin strip which was left to give 
strength to the pith. These were usually tied 
m bunches of four, so that one wick could be 
held between each pair of fingers, and thus bo 
immersed in the liquid fat A short time was 
allowed for each dipjiing to cool the last coat 
Pour dippings mostly sufficed, when the finished 
candles were hung up m an airy loft to harden 
and whiten 

In dips as manufactured on a largo scale, the 
wicks are of twisted cotton, and are strung on 
rods, each lod holding eight The workman, 
holdmg an end of the rod in either hand, lirst 
immerses the wiclcs m very hot tallow, in ordci 
that their libres may be thoroughly saturated, 
and then, as each rod is ready, it is slid on to a 
cross frame to cool ; the wicks are then re- 
di])X)ed in tallow at a tenipciature little above 
its solidifying pomt, till the desiied weight is 
obtained As a rule four ‘ dippings ’ are required. 

Many devices exist for reducing labour and 
ensurmg uniformity of result m manufacturing 
dips Of these contrivances, the ‘ Edinbuigh 
wheel ’ is the best known It consists of a long 
pole, pivoted vertically, and having mortises 
cut about its centre through which x^a-ss long 
wooden bars, each pivoted at its centre on an 
iron pm These bais carry frames at their ex- 
tremities, each of which, in its turn, holds about 
eight wick-rods The jiGst revolves, and as 
each bar with its frame xiasses over the melting 
pan, it IS pulled down, so as to immwso the 
wicks. The opposite fiame rcstoies equili- 
brium, and the rotating and dippmg are con- 
tinued until the x^roper weight is obtained, 
which is signalled by some contiivanco on the 
Xiost, itself the object of much inventive in- 
genuity The most x>erfect apparatus of this 
kind was patented by Price’s Candle Comiiany 
and worked at the Inventions Exhibition in 
London m 1885. 

Rolled, poured, and drawn candles. Rolled 
candles are now almost obsolete Formerly, the 
larger sizes of church candles wcie made by 
* rolling ’ a cake of warm wax, kneaded until it 
was plastic, round a wick, and imx>arting the 
necessary smoothness and uniformity by means 
of a rolhng-pin. This process has now been 
entirely suxierseded by that of ‘ pouring.’ 
‘ Di awing ’ 18 resorted to only m the case of 
‘ cables ’ of small sizes, and tapeis. 

In pouring, an ajiparatus similar to that used 
in dipx>mg IS employed, but instead of the 
wicks being dipped, the melted beeswax is 
poured over them while the frame is kept m 
rotation (Fig. 1). In the larger sizes, the wicks 
have to be reversed from time to time to ensure 
a uniform thickness. The workman ascertams 
the correct dimensions by measuring with a 
piece of taxio. After every two or three pourings, 
according to the weather, the hoojis are hung in 
a current of air to cool. When the candles are 
of the requisite thickness, they are severed from 
the frame and placed on a smooth marble slab 
The operator then rolls them to and fro under a 
board, on which he leans with his full weight. 
By this jirocess, which requires much skill and 
practice, the irregularities are smoothed away. 
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and the candles, m the hands of a skilful work- 
man, assume the evenness of outhne of moulded 
candies, with a peculiar softness, indescribable, 
though unmistakable when once identified. 

'J’he ends of the candles 
are now cut clean with 
a sharp knife, and their 
tips shaped with the 
finger and a small strip 
of wood. 

Obviously this pro- 
cess, which involves 




I'lU 1 

much slallod labour, must render beeswax candles 
very expensive. They are, indeed, the most costly 
form of illuminant Their use is confined to 
churches and, to a small extent, to carriage 
lamps, in which formerly no other candle could 
bo employed, by reason of the strong spring, 
although now several efficient substitutes exist 
and are in use. 

To understand the favour which beeswax j 
continued to enjoy long after the introduction of | 
stearine and paraffin wax candles, which are not 
only much cheaper, but give a better light, we 
must take several circumstances into account 
The firsthand, doubtless, the most cogent fact 
lies in the sharp contrast which formerly ob- ! 
tamed between oeeswax and tallow, a contrast j 
which finds mention in many a tale of social life, 
oven as far back as the times of Haroun Alras- 
chid The candle at one period was absolutely 
the only moans of illumination available, and 
formed a very considerable item in the household 
expenses As only the rich could afford this 
luxury, the beeswax candle became intimately 
associated with the other signs of wealth, as 
essential, indeed, as arms or silver plate The 
introduction of spermaceti, in the middle of the 
18th century, greatly affected the use of beeswax, 
and this was quickly followed by the adoption of 
gas m houses. Within the last decades, the 
electric light ha.s replaced both beeswax and 
spermaceti candles m houses where for centuries 
no other hght was known 

Tc adapt the beeswax as it comes from the 
hive to the requirements of the chandler, but 
Lttie IS needed beyond the ordinary cleansing* 
processes The clean beeswax is run from the 
copper ’ over a rapidly rotating drum into cold 
water, by which means it becomes divided into 
fine shavings These are exposed to the in- 
fluences of sun and air for several weeks, with 
occasional re-moltings and pourings, after wluch 
the now cream-white wax is ready for use. 

Drawn candles are made by drawing a con- 
siderable length of wickjthrough a pan of bees- 
wax (Fig. 2),fmaintainod at a regulated tempera- 
ture by (fire or) steam The wick is wound from 
one drum on k) another. As it leaves the pan, 
it traverses a plate perforated with holes m- 


creasing from one sixteenth of an inch to half an 
inch in diameter, whereby the supei-fluous wax 
IS stnppod off, the coated wick as it emerges 
bemg of the diameter of the hole. When the 
wick is all wound olf, the drums are reversed, 
the end of the coated cotton passed through the 
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hole next in size, and the operation continued 
till the requisite thickness is obtained This is 
seldom over half an inch, as the risk of cracking 
increases considerably with the diameter of the 
cable. In fact, this process is resorted to mainly 
for manufactunng ‘ spills ’ or lightmg-wicks and 
the little tapers used for decorating Christmas- 
trees, but here also stearine in the former and 
paraffin wax in the latter have gradually dis- 
placed beeswax. 

Mould Candles — The chief variel^ of candles 
now made are mould candles. Ci order to 
ensure the proper burning of a candle, great 
attention must be bestowed upon the prepara- 
tion of the wick, which is to the candle what the 
burner is to the gas. Till about 1820 the only 
wicks used were made of twisted cotton yarn, 
still to be seen in tallow dips No means for 
consuming the wick being employed, snuffers 
had to bo used to remove the charred and glow- 
ing end Several expedients were devised to 
bring the wick automatically into contact with 
the air, and thus cause it to be consumed as the 
candle burnt The best of these consisted m 
twisting the wick round a rod, and while in a 
state of tension, coating one aide with size or 
other stiffemng. This imparted a tendency to 
turn outwards and curl over, which to a great 
extent obviated the use of snuffers. Palmer, in 
1852, invented a simple means for achievmg the 
same result more thoroughly by introducing a 
fine thread coated with metallic bismuth into the 
substance of the wick, which thread he called 
the ‘ doctor ’ When igmted, the easily fusible 
metal formed a globule on the end of the cotton, 
which by its weight bent the wick out of the 
flame into the air, when the oxygen could com- 
bine with the incandescent carbon, whilst the 
bismuth was volatilised. So successful was this 
device, that Palmer’s ‘ metallic wick ’ candles 
achieved great populanty, especially for bummg 
in candle lamps, tor which large candles, some- 
times weighmg two pounds, were employed. 
The same device was again patented in Germany, 
by Varenkamp, as late as 1899 

But the introduction of ‘ braided ’ or ‘ plaited’ 
wicks by Cambaciiros (in 1825) rendered such pre- 
cautions unnecessary, the flat form of the wick, 
as now made, impartmg a sufficient tendency to 
curve and bend outside tlie flame, where the 
cotton ean burn completely. Now all except 
tallow dip candles are provided with these cores. 

Before the wick can be used by the candle 
maker, it has to bo ‘ pickled,’ i.e, soaked in a 
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solution of certain chemicals, which vary with 
the nature and purpose of the cotton The 
preparation of the«e solutions forms one of the 
chief items m the manufacture of a good candle, 
and to carry it out thoroughly demands con- 
siderable practical experience ; for the wick 
itself varies much in its composition, especially 
as regards the percentage of mineral matter 
The plait, too, will vary in tightness, however 
carefully woven 'Phen again, a paraffin candle 
requires a thin wick to check a too-rapid supply 
of the liquid fuel. A beeswax or sperm candle, 
on the other hand, the melted material of which 
is less mobile, or has less tendency to smoke, 
needs a thicker wick. The nature of the com- 
bustible, its melting-point, viscosity, and burn- 
ing powers ; the compounding of a suitable 
material by mixing candle materials from several 
sources ; the selection of a wick that m number 
of tliroads, structure, and substance is adapted 
to the special material clioson ; the subsequent 
treatment of this with such salts as will correct 
or enhance its tendencies , — these are some of 
the points which must be considered before pio- 
ceedmg with the more mechamcal operations 
involved m candle making 

The wicks, which arrive at the factory from 
the cotton spinner in hanks, are placed two or 
three days before being wanted in the appro- 
priate pickling solution I’he object of ‘ pick- 
ling ’ the wick 18 to counteract either * ashing ’ 
or ‘ smoking,’ two great defects to which the 
candle is liable. The ‘ pickling ’ retards the too 
rapid combustion of the cotton, and vitrifies it 
slightly, so that when the wick protrudes from 
the Hamc any ash can drop off readily In order 
to ensure the ready lighting of a* candle, it 
has been proposed (Haase, Fr Pat 342527) 
to impregnate the protruding end of the wick 
with a solution of celluloid m acetone Borax, 
nitre, sal ammoniac, potassium chloride or 
chlorate, and ammonium phosphate, are the 
principal salts employed for pickling ; though 
almost every manufacturer has Ins own recipe. 
The proportion of the salt to water is usually 
about 2 oz to 1 quart The wicks are steeped 
m the solution for about 24 hours, after which 
they are placed on a perforated shelf, to allow 
the bulk of the liquid to drain off, and then 
transferred to a ccntnfugal machine rotating at 
a speed of nearly 10(X) revolutions a minute, 
where the residual water is expelled without the 
slight/ost torsion or other disturbance m the 
structure of the threads, which would bo almost 
inevitable m any other process The hanks, 
still slightly damp, aie placed m a cupboard 
heated by steam, and finally hung up m an 
airy room until required. The amount of salt 
remaining m the fibre must, of course, be very 
small, but it is quite sufficient to influence 
matenally the burning of the candle The wick 
is next transferred to the spools, from which it , 
passes to the moulding machme This task is ' 
performed by boys, who wind the wick off the j 
hank proviouslv stretched on a circular rotatmg 
frame, on to ^spools ’ or bobbins on spindles 
(Fig 3) As they wind, they let the wick run 
through their fingers, to detect any knots or other 
irregularities, which might interfere with the 
burmng of the candle. The spools are now 
ready for transport to the machme, invented by 
Cahouet in 1860. The old ‘ hand-frame,’ the 
forerunner and prototype of the present compli- 


cated apparatus, consists of a cluster of pewter 
moulds, introduced in 1724 by Freitag, held 
together by wooden collars at either 
end Each mould is traversed longi- 
tudinally by a wick, which is secured 
by a peg at the top and wire at the 
base, and it has to be pi ovided with a 
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little loop of cotton, tlirough which a wire is passed 
The butt ends of the moulds open into a 
trough about 1 inch deep. Into this the hot 
material is poured until it is quite blled, and 
the whole frame is then placed m a tank of 
water, the temperature of which varies with the 
quality of camflc, as will be explained presently 
When quite cold, the candles are removed 
from the pipes by simply inverting tlio frame, 
the cake of superfluous candle material having 
been previously scraped off, and the wires and 
pegs withdrawn As the pipes are made slightly 
conical and as the substance shrinks m cooling, 
there is seldom any difficulty in emp^ing the 
frame ; if one or two of the candles should 
refuse to leave the moulds, a slight tap with a 
mallet speedily loosens them This method is 
obviously slow and cumbrous, and were it not 
that some buyers will have hand-made goods, 
also that a few odd sizes for which it would 
not be worth while to keep special machines 
can only be made in hand-fiames, these frames 
would have been abandoned long since A 
hand-frame can be filled and emptied once an 
hour, whilst a modern machine will do thiice 
the amount of work m the same time 

Fig 4 represents a candle machine of modern 
manufacture, for making candles with oidmary, 
t e. not self-fitting, ends. It embodies the con- 
bincd inventions and improveni'^nts made 
successively by Sampson (Eng. Pat 2108, 
1796) ; Binns (Eng. Pat. 2488, 1801) ; Morgan 
(Eng Pat. 6610, 1834) ; Tuck (Eng. Pat. 
7409, 1837); Palmer (Eng. Pat. 12077, 1848); 
Cowper (Eng. Pat. 1988, 1866) ; Humiston 
'(Eng Pat , in the name of Newton, 2541, 
1857) ; Stamthorp (Eng. Pat , in the name of 
Pitman, 2556, 1867) ; Stamthorp (Eng Pat. 
740, 1860) The machine consists mainly of 
a metal tank, o, in which the pipes are fixed 
with their butts opening in a trough and their 
tips emerging below. The tips are not of one 
piece with the moulds, but can slide up and 
down, fitting water-tight when drawn nome. 
The motion is communicated by pistons, d, to 
which the tips are soldered, and which are 
perforated longitudinally. 

The wicks wound on the above-mentioned 
spools, whioh rotate on a series of spindles at 
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the base of the machine, pass up these pei- 
forations d. The tank G, which surrounds the 



Fig 4 


pipes, IS preferably connected ‘With hot and cold 
water cisterns, or with cold water and steam 
The moulds are made of pewter (an alloy of tin 


I and load), other materials, such as tin, brass, 

I glass, &c , not having been found suitable in 
I practice Porcelain moulds have been patented 
I for paraffin candles (Ger Pat 195702), but it is 
I very unlikely that they will be adopted m candle 
works, as they are too costly ; moreover 
properly cleaned pewter moulds impart the 
same lustre to a candle that the porcelain mould 
gives. To begin the operation of casting, the 
wicks are drawn through the pistons, tips, and 
pipes, and temporarily secured in the troughs. 
These, and the moulds opening into them, are 
now filled roughly, merely to afford a starting- 
point foi the wick, and emptied as soon as the 
material is cold To effect this, the trough is 
scraped clear with a ‘ spud ’ (a blunt knife of 
the width of the trough), after which the handle 
n IS slowly turned This imparts, by means 
of rack-and-pmion gear, a vertical motion to 
the pistons, which mount up the pipes, carrying 
the dummy candles witli them, and unwinding 
the wick from the spools As the candles emerge 
from the pipes, they are received in a clamp 
frame v, which is held open by a spring handle 
When the tips are clear of the tiough, the clamp 
IS closed, gripping the candles firmly The 
handle is now turned the loverse way, causing 
the pistons to descend in the moulds till the 
tips close the ends securely. Thus the wieks 



Fig. 6. — ^Multiple moulding maohme. 

are left in the centre of the pipes, held by the I most recent tjrpe of this machine is shown in 
dummies above and the spools below. The | Fig. 5. The next step depends on the nature of 
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the material used. If stearine candles are to be 
made, the tanks are charged with tepid water, 
the temperature of which the operator determinefi 
by his hand in preference to other methods. 
The reason for this precaution depends upon the 
highly crystalline structure of ‘ steanc * acid 
(‘ steanne ’), which renders it liable to crack if 
chilled too suddenly, or to crystallise if cooled 
too slowly, whereby the appearance if not the 
structure of the candle would be impaired 
Therefore the melted stearme is sturred, with 
the aid of simple machinery, while m the 
melting pans, till it assumes the consistency and 
appearance of gruel, in which state it is trans- 
lerred to the ‘ jacks,’ cans havmg a flat, wide 
spout, and thence to the moulds. When those 
are full, they are allowed to rest about 25 
minutes until they are sufficiently hard to permit 
of their being withdrawn without fracture. The 
troughs are not scraped m this case, as the tops 
are hard enough if the candles are raised 2 
inches. As soon as the pipes are filled again 
and the matenal set sufficiently to hold the wick 
without extraneous acid, the upper row of 
candles, often while still warm, is removed into 
trays where they cool and bleach. This ten- 
dency of stearme to crack was a great obstacle to 
tlie success of these candles when they were first 
introduced. Among the vanous devices em- 
ployed to overcome the defect was that of 
stimng a small proportion of arsenic into the 
melted steanne This oertamly broke the gram, 
but it was of course dilTused into the air on 
burning the candles When this became 
generally known, the prejudice agamst stearine 
candles was such as to affect injunously the 
success of the new substitute for tallow, and to 
this day stearine candles enjoy but a com- 
paratively limited populanty in this country 

In a patent process for prepanng the fatty 
acids for steanne candles (Reuter Process Co , 
Eng Pats 9393 and 9394, 1915), the glycerides 
are fractionally saponified by boiling with 
siilphonio acids, such as Twitchell’s reagent 
(Eng Pat. 4741, 1908). It is claimed that 
candles made from the resulting fatty acids are 
not decolourised by an exposure of several 
days to the sun and air. 

Paraffin Candles — At present, steanne 
candles are replaced in this country by candles j 
made of a mixture of stearine and paraffin wax, 
except in the case of hollow candles {see below) 
In France, however, the stearme candle, being 
protected by customs duties on paraffin wax, 
holds its own against paraffin candles ; and m 
that country, as also m Italy, stearme candles 
are manufactured m considerable quantities 
In Germany and Austro-Hungary, the steanne 
candle is gradually being ousted by the paraffin 
candle When, in 1864, James Young ootamod 
from shale oil a pure white paraffin, which was 
subsequently made into candles under a patent 
of J K. Field, the immediate popularity of the 
novel illummant left little doubt as to what 
would bo the material of the candle of the future. 
Even the most enthusiastic optimist of that day 
would have hesitated before accepting the 
rophecy that paraffin candles would oe sold at 
all the price of tallow dips, as is the case to-day. 

The mam difficulty experienced m the early 
stages of the manufacture of paraffin candles 
arose from want of precaution in regulating the 


temperature while casting. The same uaachine 
can bo employed for either paraffin or steanne 
candles, but when paraffin wax is to be used, 
the water in the tanks is raised to a temperature 
of nearly 200° F., by passing steam through the 
pipe. Also the parafnn wax itself is heated to 
about 170°-180° F., and poured in a highly 
mobile state. When the pipes are filled, the hot 
water is dischai^ed from the tanks and cold 
water immediately introduced, thus suddenly 
dulling the fluid material. If the exact point 
be missed, failure will result. Thus, if the pipes 
are colder than the inflowing paraffin wax, it will 
congeal as it touches the metal, assuming a dull, 
stnated aspect. On the other hand, if the 
moulds are allowed to cool slowly, the candles 
will shrink on to, instead of from, the walls, and 
will be injured m removal from the moulds, if 
indeed they can be withdrawn at all m the solid 
state. When the operation is properly carried 
out, and the pipes are not worn by usage, and 
further, if the paraffin is highly refined and of a 
high melting-point, the candles leave the moulds 
with a lustre which hardly suffers by ordinary 
handlmg. This lustre, combined with the 
translucency, snowy whiteness, and ready 
adaptability to ornament m shape and colour, 
gives paraffin wax the pre-emmence over all 
other materials for candle making It has, 
however, its disadvantages. The readiness with 
which it liquefies by heat, gives to even the bast 
paraffin candles a tendency to ‘ gutter ’ More- 
over, the paraffin wax has the peculiar propeity, 
which is mdependent of the melting-point, of 
becoming plastic after exposure to a moderate 
degree of neat. The time required to develop 
this tendency varies, it is true, with the hardness 
or fusibihty of the paraffin wax, which ranges 
from 105° F to 140° F ; but even cercsin, of a 
melting-point of 142°- 143° F , is affected by pro- 
tracted heat I’he inferior varieties of paraffin 
candles, from the ease with which their substance 
melts, are very prone to smoke , the wick is apt 
to be too abundantly supplied with combustible, 
and IS consequently chilled below the point at 
which complete combustion can take place 

By judiciously mixing stearin and paraffin 
wax, the candle maker is able to obviate many 
of the defects of the substances, whilst retaining 
their advantages Such candles as ‘ petro- 
steanne,’ ‘ palmitme,’ and other popular varieties 
and especially the paraffin candles of the Saxo- 
Thurmgian paraffin-wax industry, are made on 
this principle. 

In the United States the method of preparing 
such composite candles is to melt the paraffin 
wax by means of steam, to add a small pro- 
portion of steanne, and to clarify the Uxixture 
by the addition of oxalic acid, which precipitates 
calcium salts. The clear upper layer of wax is 
then drawn off into a steam -jacketed pan, where 
it IS heated, and impunties are detected and 
separated, after which it is transferred by means 
of a ‘ swimmer ’ to a * jack ’ or bucket, which 
delivers it in a regulated stream to the moulding 
machine (Campbell, J. Inst. Petrol. Techn, 
1916, 2, 274) 

In Laursen-Schjodt’s process (Fr. Pat. 466027, 
1913), oleine or steanne is dissolved in turpentmo 
or other solvent, the solution treated with the cal- 
culated amount of alkali for saponification, and 
the resulting mass incorporated with paraffin wax. 
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The uso of tiiinethylamino lu the manu- I 
facture of composite candles has been patented 
by Horzmann (D. .H P 275344, 1911), the 1 
tnmethylamme being treated first at the ordi- 
nary temperature, and then under pi ensure at 
150'^ with chlorohydroxy fatty acids oi sulphuric 
esters of hydroxy fatty acids such as Turkoy-ied 
oil. The resulting i)roduct can bo saponified 
In Burke’s patent (Eng Pat 14975, 1914) 
about 0*25 p c. of a heavy metal salt of an organic 
acid {e.g. lead oleate or palmitate) is added to 
the paraffin wax 

The transparency of stoarino and paraffin 
candles may be reduced by adding from 1 to 
0 p.c of ‘ denatured ’ ethyl or methyl alcohol, 
the amount depending upon the degree 
9 of opacity desired (Moretti, Er Pat 
431490, 1911) 

JM One of the greatest improvements 

i in candle making is the self-fitting 
I end, by which simple device a candU^ 

I I will fit any normally constiuctcd sconce 
j I without being sciapcd oi using papei 
other expedient to enlarge or 
dimmish the butt. The self-fitting end 
patented by J. L Eield (Eng Pat 
Fig. 0 3032, 1861), is now in universal use 
Fig. 6 gives an example of the conical 
butt, whilst b’lg. 7 represents the machine 
patented by E. Cowles foi its manufacture 
The difficulty to bo overcome lies in the butt 
piojectmg beyond the stem of the candle, which 
renders the ordinary method of withdiawal im- 
practicable. To meet this, ilie butts are cast 



Fig. 7. 


in a separate frame, which can be fitted to 
or removed from the pipes at will. When the 
machme is to be filled, the butt frame is 
lowered by the cham till the butts rest upon 
You II.— !r. 


and fit tightly into their respective pipes. The 
wicks are then drawn through the butt moulds 
with a wire and clam^ied in a centric position, 
after which the filling is proceeded with m the 
usual manner. When cold the wicks are cast 
loose, the tops scrapi'd oil, and the upper fiame 
hoisted oft the butts, as shown in the illustration, 
the opeiation being concluded as before It 
will bo noticed that this apparatus precludes 
running a continuous wick, as is done in the 
making of candles having plain ends ; and in a 
large factory, a serious loss is incurred m the 
course of the yeai by the inch or two of wick 
snipped oft at I'ach opeiation. A very ingenious 
machine for saving this waste is duo to E 
Cowles, who invented a split bed-plate holding 
the butts When leady for withdiawal, the butt 
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moulds are raised and opened out by a fcimplo 
lever motion, and the candles can thus be passed 
through without further tiouble (Figs 8 and 9) 
Numerous improvements liave been inado 
in tho (onstiuction of candle machines by 
the makers in this countiy, m France, the 
United States, and Cermany, but all these 
improvements refer to mechanical details 
only, without affecting the principle All 
these machines work discontinuously A con- 
tinuous candle machine, for a descnption of 
which tho reader must be referred to Engineer- 
ing, 1901, Feb 1st, has been constructed by 
Fournier et Cie, Marseille. The machine is very 
complicated, and would seem only to commend 
itself to works where a very large output can 
be relied upon, and where, at the same time, 
the works suffer from a shortage of cooling water. 

An improvement, which has found more 
favour on the Continent than in this country, 
consists in perforatmg the stem of the candle 
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longitudinally so as' to afford an internal escape 
for any combustible which would otherwise have 
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fluted, striped, &c By grooving out contmuous 
patterns, replacing the candle in its mould, and 
runnmg m colouied stearin,* a number of fanci- 
ful devices were obtained, each of which had 
its penod of popularity The ‘ King Alfred’s 
I candle,’ the stem of which is divided by grooves 
I of this kind into sections burning an hour each, 

I still enjoys favour. 

I The demand for cabled candles is now so 
I large that they are made in moulds, the pistons 
while ascending being caused to rotate, so as to 
screw the candles out of their spiral moulds 
Candles burmng with coloured flames have 
, been patented by Scheurer (D R P 21()338, 
1907), the candle inateiial being impregnated 
with nitrates or other salts readily decomposing 
, when heated, and metallic salts or wiies capable 
I of imparting a colour to the flame 

Night lights are shoit thick cylinders of a fat 
or wax, furnished with small wicks, their object 
being to give a constant and lastmg rather than 
a blight light They aie usually cast direct in 
papei cases, and aie iccommcnded to be placed 
on watei Puce’s Candle Co have adopted the 
plan of casting the cylindeis in a machine similar 
to a candle fiamc, and employing a mateiial so 
bald (picssed coco-nut steal me) as to retain its 


guttered down the outside The up-draught of 
air whit h takes place m the tubes has a tendLiicy i 
to ensure more perfect combustion. By leason , 
ol the hardness required in their manufacture, 
those candles must be made with steaune. 

A more recent process to jii event guttcimg is 
that devised by Powell and Bush (Kng. l^at 
110579, 1910), according to which the candles 
aie vai rushed with a colour varnish or with 
paiaflm wax stiffened with a combustible powdei 
such as cellulose 

Candles made for ordinary purposes are 
ready foi packing immediately after leaving the 
candle machine Better-class candles are sub- 
jected to polishing and iinisliing processes m 
special machines, which arc much more used on 
tlie (Vmtincnt than in this country 

Much art has been exjicnded on the orna- 
mentation of candles Before the introduction 
of aniline dyes, candles wore coloured with such 
pigments as \erinihon, ulti amarine, and vcrdi- 
giis , these, besides caubiiig a dull, heavy appear- 
ance, ruined the wick by choking it with incom- 
bustible matter In beeswax candles, this evil 
was minimised by conhnmg the 
d ^ ^ colour to the last coating, which, 

H H owing to the opacity of the bccs- 
K H wax, gave the apjiearancc of a 
P I candle coloured throughout with 
1 M I but slight effect on the burning 

i Hi I translucent paraffin, however, 

m n admit of this device 

j M I Paraffin candles are now coloured 

^ wJ coal-tar dyes by dissolving 

I m the dye in a small proportion of 

l| I F stearine which, when added to the 

II || paraffin, colours it to any desired 

K JI I! shade Of ornamented candles 

I 11 most popular 

|] UJ Kill forms is the ‘ cable ’ or spiral 

Fio. 10. pattern. This form, as patented 
by Field, was made by tummg 
the plain candle in a lathe of compheated stiuc- 
ture, which could fashion over thirty different 
sizes and patterns of candles, e.g. cabled, spiral, 


form in hot weather without extcinal suppoit 
These lights aic burnt in glass cups, thus shed- 
ding their full liglit and rendeiing the precaution 
of water unnecessary Anotliei very populai 
form of this illumniant is Clark’s ‘ pyramid ’ night 
light, which, as its name indicates, is coniform. 
In this, the matciial employed is piesscd tallow 
of gieat puiity, and the wick is a rush -pith with 
two lateral stt ips of tlic peel left adhering 'riieso 
turn outwaids in binning, giving a neat and 
shapely llanie The base of the cone is a disc 
of plaster of Pans, which holds the wick upnght 
till the whole of the fat is consumed ; a result 
achieved less suicly iii the other kinds, where 
the wick is of ‘ mklo ’ (flax), held by a little strip 
of tin, into which the base of the libic ib fixed 
(jandles intended for heating pui poses, and 
so burning with a hot smokeless ffamo, and 
giving only a feeble light, arc prepaicd fiom 
esters of amino oi imino acids melting between 
50" and 130", and decomposing between 200" and 
300" Ammonium mtiatc or similar substance 
IS also added (Schcuble, 1). H P 234310, 1909) 
The use of viscose lilaments as a mateiial 
for candle wicks has been patented by Wilson 
(Eng Pat 5170, 1913). 

The strides made in gas and electric illumina- 
tion have not materially affected the prosperity 
of candle manufacture On the contrary, every 
year sees a considerable increase in the number of 
candles made This is especially due to the in- 
creasing consumption of caudles in muies 
(Transvaal, India, Australia, &c ). An iiicjuiry 
made by the writer, in 1903, as to the con- 
' sumiition of candle material in this country, led 
I to an estimated quantity of 45,000 tons, which 
may be distributed over the different materials 
mentioned above, as follows tallow (for dips), 

' 1000 tons; steanne, 2190 tons, paraffin wax, 
42,200 tons , ceresm, 100 tons. France produces 
about 30,000 tons of candles, chiefly steanne 
candles; Germany, about 11,000 tons, chiefly 
paraffin candles; Holland, about 6000 tons, 
chiefly stearine candles; Belgium, about 4000 
tons, chiefly steanne candles. Austro-Hungary, 
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Italy, and Russia produce much smaller quanti- 
ties than the last-named countries. 

Candles wcie exported from Uermany to the 
value of £56, (.00 m 1912, principally to Russia, 
Mexico, Biazil and the MediteiTanean couutiies. 
In 1912 the exports from Austiia- Hungary, 
chiefly to the Balkan States, Russia, Tuikey, and 
Egypt, were valued at £14,000 ; whilst the total 
exports from the United Kingdom (1913) were 
of the value of £435,000 (Board of Trade, Bull. 
No 89) J. L 

CANDLE-NUT OIL is obtained from the 
fruits of the candlcberry tree, Aleaiites mo- 
liLCcana (Willd ), belonging to the family of 
spurgeworts {Eiiphorbiaccw) The tree attains 
the height of 30 or 40 feet, is a native of the 
Moluccas and South Paciflc Islands, and is 
widely distributed over the tropics of the eastern 
hemisphere , it also occuis in the Cameioons 
In India it is known as ‘ Indian akhrout.’ The 
fiuits resemble walnuts in their appearance, but 
the shell of the candle-nuts is fai thiekti. 'Phe 
name ‘ candle-nut ’ is derived from the practice 
of the South Sea Islanders to dry the kernels, 
thread them on reeds, foiming a candle, several 
of these candles being wrapped m a leaf of 
pamlonm (screw-pine) so as to make a torch 
The average composition of the kernels is as 


ws . — 

Per cent. 

Oil 

. 61 0 

Water .... 

. 50 

Proteins .... 

. 23 0 

Ash 

. 34 

Carbohydrates and crude hbre 

76 


100 0 


The cold- drawn oil is limpid, colouilcss, or 
yellowish , has a pleasant odour and bland 
taste, but cannot be used foi edible puiposcs on 
account of its purging piopeitics 

The oil extracted fiom a typical sample of the 
nuts had the following chaiacteis «p gi at 
15 5°, 0 9276; refractive index (25°), 1 4970, 
acid value, 0 8 , safionilication value, 188 2 , 
ami iodine value, 151 (> (Tests for Candle-nut 
Oil Ameiicaii l8oc for Testing Materials, 1914) 
The oil IS ubtainablc in cnoimous quantities, 
but hitherto it has not been used to such an 
extent as its drying piopertics would waiiant 
The fruit of ^1 inlohi (Eorst ) is two-celled, 
fleshy, olive-colouied, and about two and a half 
inches in diametoi. Each cell contains one nut, 
resembling in appearance and taste a walnut, 
the shell of which is very hard The seeds yield 
about 50 p c of an oil known as ‘ kekuna oil ’ 
Seeds from Hong Kong, where the tree is culti- 
vated as one of the best shade tiees, were found 
to contain 60 p c. of an edible oil very similai to 
that obtained fiom .1. molaccana ; whilst 
Mauritius seeds yielded 68 1 p c. of oil with the 
following chaiacteis . sp gi. at 15°, 0 927 , 
saponiflcation value, 193 7 ; and iodine value, 
151. The nuts are woith about £28 per ton in 
Europe (Bull Imp. Inst 1912, 10, 44), J L. 

CANELLA BARK. The diied bark of 
Canella alba (Murr ), obtained from Florida and 
the West Indies in large buff-coloured quills or 
pieces of about an mch broad. Has a bitter 
pungent aend taste and odour of a mixture of 
cloves aud cinnamon, due to a volatde oil con- 
taining eugenic acid which is also found m oil of 


cloves The bark contains a bittei piinciple, 
canelliH, togethei with lesin, maninto, ami 
starch. Used in medicine as an ai umatic bitter 
and tonic, and m rheumatism and gout 

I CANELLE or BISMARCK BROWN r. Azu^ 

COLOITIIING MAITKRS. 

I CANFIELDITE v. Akoykoditl: 

! CANNABIN or INDIAN HEMP RESIN 

' Resins. 

I CANNABINENE y. Rf.sins. 

I CANNABINOL. The active constituent of 

Indian hemp lesiu or ‘ hashish ’ (y llEbiNS). 

CANNABIS INDICA y. Resins. 

CANNONITE y Ex PLOSIVES 

CANTHARIDES. Spanifth fiics {Lijtia vc.si- 
caloria) Dried colcoptcious insects used m medi- 
cine, in the foim of plasteis, tinctuie, liniments, 
&c , on account of their vesicating piopcities, 
duo to a peculiar acrid principle, ianlhandin. 

Employed also as a stimulant diuretic, as an 
aphiodisiac, and as an emmenagogue Obtained 
piincipally fiom Hungaiy, Russia, and the South 
of France 

Cantharidin 0II12O4 or 

OH, (dl. Oil tdl.COv 

1 ■ 'I >> 

Clla Clla oil CO CO ^ 

(Spiegel, Bci. 26, 140), or 


CH2 (JH/ CCH^COOH 

I I I 

Clij C— 00 0 

(iMcyor, MonaUsli 18i)7, 18, 3!);i), oi 
Oil, on OMo CO 

' I I 

o o « 

. I I 

CIl^CIK^Me CO 

(Oadamei, Aich Rhaiiii 1914, 252, (>09 , 1917, 
255, 277 , 1917, 255, 315) is obtained by ti eat- 
ing the powdcied insects with chlotofoim, 
ether, or ethyl acetate, acidihcd with sulphuiic 
acid, evapoiating the extiact and tieating 
the residue with caibon disulphide or light 

' pcti oleum, to lomovc fat, or by mixing the 
' canthaiides with water and magne.sia , drying, 
tieating with dilute sulphuric acid, and extiact- 
ing witli ethei The yield varies fiom 0 3 to 
I 03 p c of the insects taken Ciystallises 

in tiimetiic plates, melts at 218^, but begins to 
sublime at 85° It is tasteless and imjdoious , 
I blisteis the skin strongly, especially when in 
solution or mixed with fat Y lelds the alkaline 
salts of cantharic acid (aoH^iOg, by heating 
with aipieous solution of potash or soda 1^'or 
other (Iciivativcs of canthaiidin, sec RudoI[)h, 
Aicli. Fhaiin 1916, 254, 423. Oadamei has 
shown that the i^ocanthaiidin and i6’0cantliandic 
' acid of Andeilini and Ohira aio in reality acetyl 
hydiato cantharic anhydiide and acetyl hydiato 
I canthaiic acid icspectively 

CANTON’S PHOSPHORUS y. Calhum 
CAOUTCHOUC y Rubber ; also Terpenj s 
' CAOUTCHOUC OIL. An oil which has 
proved cflicient in preventing rust It is spread 
I with a piece of flannel in a very thin layer over 
, the metallic surface which is to bo preserved, 

' and allowed to dry. To remove it, the article 
has simply to be treated with caoutchouc oil 
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again, and washed after 12 to 24: liouia (J Sue 
Chem Jiid 1, 315) 

CAP COMPOSITIONS V E\ 1 MA)MV 1 ,S. 

CAPE BERRY WAX / Waxes 
CAPRIC ACID oi DECOIC ACID DErAioio 

A('ll) 

CAPROIC OI HEXOIC ACIDS COOII 

Seven isomoiidos aie known 

1 n-dapioic acid (U1 ,(( ^112)^00011 occurs 
in tlic fats , in cliccso , and, possibly, mixed 
with ecitain of its isonieiidcs, in cocoa-nut 
oil. 111 St John’s buNid , in the liuit of 
Hcradtaiih sphondi/Liani and in the flowers of 
Satijrunn hit tin am ^ and in the fusel-oil fiom 
tin* feiniented molasses of mangel wui/cl Is 
best picpaied by fiattionatmg nude feiincnta- 
tion butyiic acid (Liebcn, Kossi, Annakn, 151), 
75, 105,118), bp 204:5^’. sp gi 0 1)44;0 at 0° 

2 IbobiibjL actlic acidy or y-mdhyhdli t ic atid 

(0Hj)20UCll^(dloCU0lI 

IS present m butter , may be obtained by the 
action of liydiiodie aeid upon hydroxy /cso- 
caproic acid (iMichk, Annalen, 180, 57 , Fittig 
Huhlm.inu, thid 22f), 317), oi ])\ the dislilkition 
of i.'.obutylmalomc and (Komg, Monatsh 15, 
20, Bentlev and Pcikin, C3iem Soe Tians 
1808, 487) , b }) 200"-201‘^ , sp gi 0 025 at 0^ 

3 DietJnjldi cft( (Hid, pMndtn aptou, find, oi 
a-cfliiflhNfi/} K and ((’41^)3 01(3)011, m,iy be 
obtained by the action of sodium upon acetic 
ostei, and tieatmcnt of tlie jiioduct b\ (lh\l 
iodide (FiankI.iud and l)u[)])a, Annalen, 138, 
221), by boiling diethyh ai binol ev<inide with 
jiotassiuin cyamde (Sayt/ell, ihtd 103, 340) , by 
leduetion of diehloretbyl acetic estei by soclium 
amalgam (Maikowmkow, Bei 1873, 1175), by 
licating sodium eth-ylatc and sodium acetate in 
a stream of mi bon monoxide ((teuthei and 
Fiohlich, Annalen, 202, 308) , by hcsiting di- 
eth>lmalonic acid at 1 70"- 180" ((’cuiiad, ibid 
204, 141), by heating a-du>th> l-)3-h^(lioxy- 
butyiie acid (Sehnajip, 201, 70) , by heating 
dicthylcyanaectie acid ivit-li c oncentiatc'd h^dio- 
chloric ,ind at ItiO” (Hesse, ibid 18, 740) , b ]> 
100° (750 5 mm ) , sp gi o 01 0() at 20‘70" 

4 Mdlnilptopi/hudii ik id or a-indlufb ah t h 
aud ('ll, (’ll, (’ll, (’ll((’ild (’0,11 is obta-imd 
by the oxidation of its aldeh\d(\ and by 
tile t reduction |of m ethyl aciylic and (Lie be n 
and Zeisel, IMonatsli 4, 37, 03), b\ lic.iting 
a-metlivl valei olactone or z^osacchaiin with 
h^di iodic and and led jihosphoius (Licbci- 
mann and Sihnbku, Lei 1883, 1823, Kiliam, 
ibid 185, 032), by heating a-nieth\l])iop^l- 
/l-h>dio\ybutyiic and (Jones, Annaini, 220, 
202) , and by the distillation of turjientine , 
bp 103°-104°, spgi 0 0270 at 1870°, I pait 
Avater dissolves 0 5(4)3 joait at 17" 

5 Mdhylibopiopyl (udit and, isotaii'toit 
acidy or a^-dimdhylbutyric acid 

(Cll3),CH CH(Cll3)(J02a 
may bo foimcd from methyh.sopropylcarbinol I 
cyanide (Maikowmkow, Zcitsch (.'Jiem 1860, I 
205) , by the oxidation of the coi i espondmg 
hexylalcohol fiom Koman camomile oil (Kobig, 
Annalen, 195, 102), or by melting camphoric ' 
and with caustic alkali (Crossley and Perkin, 
Ohem. Soc Trans 1808, 16) , bp 189°- 191°. 

6 Dimethylethylacetic acid or aa-dimethyl- 
promomc acid ((JH 3 ) 2 C(C 2 H 5 )CO^H is formed by 


tfi(“ action ot hydiochloru and uj>on dnne- 
thylf thylcaibmol cyanide (Wisclmegiadsky, 
Annalen, 174, 50), and by the oxidation of 
the mcthylethyl ketone jncpaied fiom pma- 
coliu (Lawiniowitsch, 185,120) Aeoloui- 
Icss liquid , bp 187°, m j) — 14° 

7 {a) ^-dJiylbiilyt iL acid oi active tap! (tic 
(Kid CHj ('11((!,11 ,)('11,(!()(JH IS obtaiiK'd by 
the oxidation of the active hexylalcohol obtained 
fiom Roman camomile oil (Komburgh, Rec trav 
ehim 5, 221, Kobig, Annalen, 195. 102), bp 
190"-198° (770 mm )'; S]) gr 0 930 at 15° 

(b) liiadiuc fi-dhylbidyric acid may be 
formed by heating secondary biitylmalomc 
<ind (Rombuigh, Rec tiav (him 6, 153) oi 
fiom secondary butyliodide, diethylmalonic 
(‘ster and sodium ethoxide (Kuhlisch, Monatsh. 
14, 5()1, JK'iitley, CHiem Soc Tians 1895,207). 
CAPRYL ALCOHOL (J( TXL A I COHOL 
CAPRYLIC ACID e Oc TDK' A(’1I)S 
CAPSAICIN V Ki^sixs 

CAPSICUM (Bitd pepper, Cayenne pepper) 
'riie clued iipe flint of CapMcutto inirmnurn, 
(Rovb ), which was [iiobably a native of tiopical 
AineiK.i, but is now known only in c ullii7atioii, 
the chief supply coming fiom Afiica and India 
The flint is 1-2 cm long and about one- 
thnd as bioad , somewhat llattened oblong- 
ovoid m shape, and is coveied with a ciimson oi 
sc.iilet, semi-tiaiispaient, wimkkd coiiaccous 
epical p it IS two-celled and contains about 
20 yellow, Hat, icmfoim seeds, 3 5 mm long «uid 
2 5 mm bioad It is jnepaii'd foi use by 
giindmg the ivhole fiuit 

Cayenne peppei is sometimes adulteiatcd 
with lloui, (oin-meai, oi even sawdust Fntne 
cajisK uni IS also fiequently substituted by laigci 
varieties Adultiuation o{ the ])owdei may be 
detected by the estimation of ol('o-j(sin, which 
should not be less than 5 j) c , and ot the ash, 
wlmh should not exceed 7 ]> c , and by muio- 
I copical examination (y Bitto, Chem Hoc Absti 
1893, 1), n 546) 

• 3’ho active principle ot capsicum is capoauni 
{((tp^suin, capM(ol) (C, ,14 ,;() jN, 

Lapwoith and Koyl('), whi(4i is piesent to the 
(‘xtent of 0 05-0 07 ]i ( (Moilnt/, Cliiun Zentr 
1897, 11 593) It is ol)tame(l fiom the etheieal 
cxtiact of capsicum, and (lystallisivs fiom 
light petroleum in ( olourless plates, m p (>3 5°, 
easily soluble in ethci, alcohol, ehloiofoim, iVi , 
but almost insoluble in hot water and insoluble 
in cold wat(M It is not volatik* in steam, and 
h.is till' j>iopi‘iti(\s of ,t weak, phcnol-liki' acid 
Tlu‘ ben/o\l diunativi' toims silky nc cell e\s, in p 
71' (Miiko, Chem Zeiiti 1899, i 293) 

I 'Phe othin constituents aic a volatile, non- 
I airid alkaloid, nsl colouiing matter, wax, 

I resin , fixed oil , oleie, palmitic, and steal ic 
acids , and a minute amount of a volatile oil 
having the odour of paisley ( Rabst Aich Phaim 
230, 108) 

Capsicum is largely employed as a condi- 
ment In medicine, it is used, externally as a 
poweiful lubefaeient, and mteinally in the 
treatment of atonic dyspepsia, chionic alcohol- 
ism, and delirium tiernens 

CAPSICUM RESIN ?; Resins 
CAPTOL. Trade name for a condensatmn 
product of chloral and tannm ; used in derma- 
tology 

CAPUT MOKTUUM. A term employed by 
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tho alchemists to denote the residue remaining 
in the retort or alembic after the volatile matter , 
has jiassed .iway. 

CARAGHEEN MOSS. Irish pearl 7noss 
{Chondnf'i rnsptis) {v C\iir\geen, Aloe) 
CARAJURU, CARCURU. or CRAJURU A 
Brazilian dyejtulf of a icd colour, said to be 
identical with chica-redy used by ceitain Indian 
tribes to stain their skins, and winch is obtained 
from tho leaves of the Bignonia eJnea (ITumb et 
Bonpland). It is a light, mealy, odourless, 
tasteless powder, which acquires a coppeiy lustre 
on trituration Insoluble in water, but soluble 
in alcohol, ether, and alkalis (Vney, ,1 Bharrn 
1S1I, 151) 

CARAMEL, The brown substance produced 
by the action of heat on sugar glucose' or invert 
sugar, used for colouimg ii((uors, beer, sweet- 
nu'ats and gravies 

Hk paration — On the small scale common 
sug.ii lb heated, witli coiistaut stirring, in a ruet.il 
])an capable of containing about ten times the 
([U.rntity taken, till the whole mass mi'll s, turns 
bi’own, and <rt last suddenly fioths up, when 
the heat must bo immediately stopped Not 
more than 15 pc ot the weight of the sugar 
should bo driven off, as the product is liable to 
bi'como insoluble if further heated 

t\)i prcpaiation of caramel colours, Asiy- 
rnusiy recommends tho following pioecsses (long 
k(‘pt secret) — 

Col out for rum 

Pofassium or sodium hydroxide . 3 kilos 

Water . . b 

( )i potassium or sodium caibonate I ,, 
Water . S „ 

Dissolve with heat in large iron pan, and add 
Olueoso . . 120 kilos 

Or syrup of glucose 130 ,, 

Bod over the fire till irritating vapours begin to 

appeal, then decrease tho heat and stir eon- 
tinuoiisly till the required shade is pioduced, 
then stoj) the process by adding 30 to 40 litres 
of watei in a fine jet 

Colour for beer or inneqar 
Ammonium caibonate 0 kilos 

Water (> ,, 

Olueose . 120 ,, 

Process exactly as above 

In the modern method of manufactiiie the 
piocess IS conducted in a closed vessel, geneially 
with tho addition of ammonia or one ot its salts 
(c/ Salamon and (Lildie, J Soc (diem Ind 
1000, 10, 301) Idle colouring power of tho 
(‘aramcl seems to depend upon the amount of 
amrLonia used in its preparation 1 n McCowan’s 
process glucose is heated with from 5 to 10 p c 
of its weight of liquor ammonia (sp gr 0 8803 
in a closer! digestei to 100*^ for above 24 hours, 
and tho mixtuie concentraU'd 

According to Magalhacs (Compt ii'iid 1800, 
123, 800), caiarnel preparc'd from cane sugai 
differs considerably from caiamel made fiom 
glucose, in that it behaves with ceitain reagents 
exactly like a coal-tar colour dOiiis, when 
tieated with basic lead acetate and then shaken 
with amyl alcohol, tho foimer caramel com- 
municates an orange-yellow colour to the 
solve!.'., whilst with glucose enamel, no coloura- 


tion occurs Ether, when shaken with a solution 
of tho former, acquires an orange-yellow colour, 
whilst with tho latter no colour is extracted 
Mordanted wool is dyed orange by the former, 
yellow by the latter (lenuinc wine, to whi(‘h 
no caramel has been added, does not give these 
reactions (c/ D’Aquiar and Da Silva, Compt 
rond 1897,124,408) 

Pioperlies — Amorphous, reddish-brown, 
brittle mass , porous and deliquescent ; com- 
pletely soluble in water, paitially soluble in 
alcohol , of a more or loss bitter taste and non- 
feirnentablc Melts .it 134 130'^ 

Little IS known of tho chemistry of caramel 
Gclis (Ann (fhim Phys 1858 [in ] 52, 352 ; 
18()2, [ill] 05, 49b) separated it into three 
amorphous substances, cniamelan, (aramelen^ 
and cautmeliu, differing in solubility and colour- 
ing power, but not of fixed composition without 
definite melting-f mints, or ( ryst.illine derivatives 
and ic.idily forming colloidal solutions Then 
foim.ition from suiiosc' has bec'ii repiosented by 
the following equal ions -- 

(!) (»C,JI,,(),,- 1211,0 

-^()C, ,11 ^.Og (caramelan) 
(ii) 0 C, 3 lI, 2 O„- 18 II/) 

- 2 (/ 3 gTIi^ 02 i (caramelen) 

(ill) -2111,0 

— 3C2,1T2oOi 3 (caramolm) 
Sfolle, by heating caramelan vith dilute (3 p < ) 
hydiochlonc acul, obtaiiKsl i hexose, which 
gave an osa/one eryst illising in yellow needles, 
milting .xt 179'’ 

(hyoscopic obseivations by Saban^elf and 
Antushevitch (J Russ (diem Soc 25, 23) 
would seem to indicate that tho molecular 
weight of c.aramelan is much higher than tho 
above formula indicates They point out that 
eai bon dioxide, in addition to water, is given off 
in its formation 4’hoy allege that it is not a 
carbohydiate, but has the composition 

and they represent its production from sugar 
by tho cc(uation 

} 7(3)2 |-27H,0 

Gchs found on heating suciose to a tempeia- 
turc' of 18(P-19(P that a loss of weight of 12 p c 
gave mostly caiamelan, a loss of 15 pc Caia- 
mc'len, with a loss ot 22 p c caramelin, was tho 
m.xiri product On ticatmg the caramel with 
84 pc .xlcohol the caiamclan was extracted, 
c.aramelen and caramelin being insoluble in 
.xlcohol of this strength The ( .iiamelen could 
bo removed by cold water, when the caramelin 
could be dissolved out by (rO c alcohol or hot 
water 

Caramrlaiif the mam constituent of oidinary 
caramel, is a broxvn buttle solid of bitter tasto, 
deliquescent and very soluble in water vSoftens 
at 108" Tho aqueous solution gives no pio- 
cipitato with metallic salts, but reduces silver 
nitrate ,xiul Baiieswil’s (Eehling’s) solution An 
alcoholic solution of lead acetate forms a precipi- 
tate .in ammoniacal solution of 

lead acetate gives ^„()^,2Pb(J (Gclis) 

Caramelen is of a darker brown than cara- 
mclaii, and is not deli(juescent It icduces 
Barioswil’s (Fehling’s) solution and foims com- 
pounds with lead simil.ii to those of caramelan 
According to Gclis its composition is ('{(,TTiT),| 
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Caramdin is of a still darker brown. It 
appeals to exist m three modihcations of which 
A IS solulde in eold water, B in boiling water, and 
(j IS insoluble The modification A passes into 
B on evaporating its aqueous solution. The 
solulde forms reiluee Baireswil’s solution and 
give ])i cci jntates with metallic salts All varie- 
ties have the composition Cqgl { 102^^51 (fTclis) 

The molecular weight of ‘ caramel ’ was found 
by (lladstone and Tribe to bo 1700, corresponding 
with (b'lis’ formida for caiamolin. 

Htolle (Zcitsch Ruben-Zuckei Tndustiic, 
1800, 40, 800; 1001, 51, 83() , 1003, 53, 1110) 
found on heating sin rose that no carbon dioxide 
oi otliei volatile products weie foimed below 
ISO'^, and that eaiamelan is the sole pioduct 
when tins temperature is not exceeded and the 
loss IS not greater than 12 pc, and that its 
formula is ( \ jtf ),j 

The action of heat on suerosc has been fuithei 
studied by Cunningham and DoiiV with Sjiecial 
ief(Te)U(‘ to the pi eduction, pio])eilies and 
composition of eaiamelan ((Uieni Soc OVans 
1017, 111, 580) They found on heating 

siicioso to temperature 170°-180'^ that, 111 
addition to w.iter, jningent aciid vajiours, 
luifuiaidehyde and carbon dioxide wcie evolved, 
but tluit if the loss of weight did not exceed 
12 pc, eaiamelan free fiom suciose and highei 
eaiamel products was the solo product When 
quite lily it melts at 13()”, is readily solulile in 
wal(‘i. Si p c alcohol, pyridine, methyl alcohol, 
ni hot glacial acetic acid, insoluble in ethei and 
ben/cMK' A eoncentiated aqueous solution 
aciditied with hydioehlonc acid gives a led 
j^rcc ijutate with icsoicinol, soluble in alcohol or 
alkalis Bhloioglucinol givc'S a similai ])i(cipi- 
tate of a deeper coloui It forms a tdra-mdalc^ 
yellow jiowdei, insoluble in water or (‘then, but 
soluble in benzene, hot .ilcohol, or glacial .icetic 
acid, m p 107‘\ a tdui-bcnzoatr, a pale bufl- 
colourecl jiowclei, m p 105°-108'', soluble in 
ac'ctone, ehloiofoim, alcohol or bc‘n/enc% in- 
sc4ulde in watei, ethcu, 01 light petroleum , a 
iduimhaiv, a yellow powdci which intlames 
violently on wanning , readily soluble in ethei, 
alcohol 01 ben/ene, insoluble in water 

It ajipeais to be a teti a -atomic alcohol, of the 
molcculai foniiula (!, 2 II more jnobably, 
(V)mpouncls foimed with jihc nyl- 
hydra/inc and semicaiba/ade indicate the 
cxisteiK of one ('()- or (dlO-gioiipmg per (b, 
unit Loncentiated nonoxidising acids conveit 
it into caiamelin , ; weakei solutions 

hydiolvsc' ancl dc*hydiate, jiioducing dextrose, 
niethylfui fiiraldehyde and humic acid 

Dilcctwn and e^stnnation of caramel. 

JhliCtion of caramel in irines, dc — 10 c c of 
the liquid to be tested is mixed with 30 to 50 c c 
of paraldehyde, and enough alcohol added to 
make the licpiids mix , if caramel is present, it 
foims a diity-brown precipitate sticking to the 
bottom of the vessel , the solution is poured olf, 
the ])recipitate washed with alcohol, dissolved 
in a little hot water, and the solution cvapoiated 
to 1 c c , when clifTcient quantities of caiamel 
may be comjiaied by compaiison of colours to 
confiim, tins solution is mixed with one of 2 
paits hydiochloiidc of phenylhydra/mc in 20 
of water, with excess of acetate 01 soda Oaramel 
yields an amoiphous brown piccipitate. 


To detect caramel in vinegar 50 c c. are mixecT 
with an excess of calcium carbonate and 
evaporated to dryness. The mass is then ex- 
tracted with 20 c c* of ether ; the ethereal 
I solution IS hltered into a test-tube containing, 
I 10 c c of resorcinol reagent (1 gram of resorcinol 
I m 100 e c of hydiochloiic acid of sp gr 1 125) 
i Should caramel be present in the vinegar, a red 
I zone IS obtained at the junction of the two 
I liquids (Ronnel, Ann Falsif 1012, 5, 517) The 
I reaction is due to the piesencc of hydroxy- 
' methylfuifuial, whicli also yields a violet 
I colour with ^-naphthol in sulphuric acid, and an 
: orange-yellow colouration with phenol m sul- 
phuric acid The liquid to be tested, wine, 
vmegai, brsndy, tSic , is neutralised if acid, 
coiuentiated to a small bulk, extracted with 
ethei, the ethereal extiact treated with a few 
drojis of a 5 p e sol of plienol 111 ethei, and 
! allowed to evaporate The lesidue is mixed 
with about 5 c c sulphuric acid, when the 
chaiacteristie colour ajipears (Schenk, Apoth 
Zeit 1014, 20, 202, J Soc (Oiem Jnd 1014, 
3b0) 

Amthor’s method, which is the only one 
eajiable of distinguishing between caicimel and 
the colouring matteis of colour malts, is .is 
follows* 10 t c. of the bt'ci 01 othiu liquid is 
treated with 30 50 c e of paialdehyde, .accoiding 
to the intensity of colour, and absolute akohol 
IS added until the liquids mix If the mixtuie 
IS left for 24 hours a biownish precipitate forms 
in presence of caianud This precipitate is 
washed with absolute alcohol, dissolved in hot 
w.ater, lilteied, .snd the solution concentrated 
to I ( c in vacuo over sulphuiic acid J^homthe 
intensity of its colour the quantity of caramel 
can be estimated Or the filtered solution of 
the par.aldehyde precipitate may be ponied in a 
solution of })henyl- hydrazine acetate, when if 
caramel be piesent a jirecijiitate slowly forms, 
more f[uickly on warming t Jleuss (Zeitsch 
ges Jkauw 1018, 41, 108 124, Abti .1 Inst 
Blowing, 1918, 312) 

llouqh led for eatamel in herr — Add a 
(juantity of tannic acid, .and shake thoroughly 
If malt only is piesent., the colour is precipi- 
tated Caramtd coloui remains unehangcal 

(Contrary to the statement of l\is(jU('io and 
(!a])]).i the presence of fuifur.il is not a sunuicnt 
pi oof of cai.imel unless the caramel has been 
added after fei mentation 

Fiadiss (Lhem Zentr 1890, 1 11()0) detei- 
mines the amount of caiamel in sugar products 
by treating the dry substance with methyl 
alcohol of 95°, evapoiating on the watc'r-bath, 
drying the lesidue in vacu6y 01 in a current of 
! dry air, and again digesting it with methyl 
I alcohol lor 2 houi Tlu caramel is jiri'C ijib ati d 
' from the Bolution by amyl alcohol, the precipi- 
tate rediflsolvcd, leprecipitated once or twice 
more, and finally dried at 90° and weighed The 
caramel may also be determined by titrating 
with Barreswil’s solution, but if dextrose is 
jircsent, it is necessary to titrate rlie original 
solution before ancl after treating with excess of 
lead acetate Then if A— c c of copper solution 
rec(uired, a— c c of original solution rcquiied for 
5 e e of copper solution, the volume of the copper 
solution, corresponding with the caramel, is 
5 (a— A) Allowance must also bo made for 
the amount of lead acetate solution ( vol ) 
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used The dextrose may also bo destroyed by ing to do Vertouil (Trinidad, London, 1858, 272), 
boiling with caleium carbonate and then pro- the seeds arc gathered m June and July, boiled 
cipitatmg with carbon dioxide Traces of for 0 houis, then laid in heaps for 8 or 10 days, 
caramel ate estimated by ti eating 200 e e of the during which time they undergo a sort of 
solution with excess of amnioiiiacal lead acetate fermentation , they are then broken, and the 
The jirecipitate, after washing with water tiee pulp they contain carefully taken out and 
from eaibonic acid, is suspended in water and kneaded into lumps of thick paste, each about 
decomposed with hydrogen sulphide The 15 lbs This paste is laid on boards slightly in- 
liltrate IS again trcati'd with lead acetate, and euivated and inclined, and placed in a sheltered 
the solution, from which the hydrogen sulphide plate, when the oil oozes through the mass, and 
has been exjielled by evaporating to 10 c c , is runs into a vessel placed for its leci'ption Tlie 
treated with copper solution ])<iste is carefully remoulded every moining and 

Stolle (Lhem Zentr 1809, ii 1090) bases a evenincr, so as to favour the disengagement of 
method of dcteimming caramel by means of the the oil After 12 days, boiling watei is poured 
spectroscope on the fact that aijiicous solutions on the mass, and a fresh ipiantity of oil of 


of that substance jraitially absorb the rays of 
the blue end of the spin ti uni The lesnlts aie 
said to be acc-uiate to wit hm 0 05 p c 

JVlethods for estimating the amount of 
cararmd on the suifa(e of (ofTcc beiiies roasted 
with sugai, have been suggested by Neubauei, 
Konig, Stutzei, and Hdger Tliesc metliods 
have bc'cri tested by thesenius and (trunhut 
(Z(‘itsfh anal (!hem 1897, .‘0), 225), who give 
the preference to the method of Hilger 

kStutzei’s method, winch consists in shaking 
10 grams of the iinground cotlce toi 5 minutes 
wit h 250 c c of cold water, making up to 500 c c , 
decanting, liltering, and detm mining the solicl 
eonlents (diu'd at 100'’), and th<‘ ash, was ro- 
cornmended liy tlu' ('oufoicnce of Jbivarian 
Technical ('hcunists Neubauer.s and Konig’s 
processes, wliu fi depend on the extraction of the 
bellies with hot water, give too high results 
In Hilgc'r’s pioeess, 10 grams of whole coffee 
are digested tliice times for half an hour each 
time, witJi 100 c c of a mixture of equal vols of 
water and 90 p c alcohol at oidinaiy ternpera- 
tuK's |<]ac h poition of the e\tiact is cIcm anted, 
<ind tlie unite d (‘xti.u ts aie made up to 500 c‘ o , 
filtered, and icsidrw' and ash detenmned It, 
fiom llio numbms tluis olrtamed, there is 
(h'diicted a constant 1107 of diy icssidue, or 
0 83 of ash-fic(‘ K'siduc pei 100 giam« of div 
coffee, tlio remainder represents tlio amount of 
caramel piescmt 

IJpshc'r Smith (Amor J Pharm 1911, 83, 
411) suggests employing the eoloiired solution 
]irepared by adding Nesslei’s i (‘agent to a solu- 
tion of an ammonium salt as a coloiimctiic 
tc‘st As an aibitiaiy valiu' for the colour 
intensity of caiamol, a ‘ 100 ]) c ’ caianiel is 
rogaided as tliat which lias such a colouiatioii 
that 10 c c of its 0 1 p c solution when tiiMted 
with 2 e e of the Nessler leagent and diluted 
to 50 (• e matches ih(‘ colour olitained by mixing 
10 c c of a solution containing 0 0417 gram of 
ammonium oxalate in a litre, 3S e c of watci and 
2 c 0 of Ncsslt^r solution 

CARANNA V . Olko-uestxs 
CARAPA BARK. The bark of Carapa 
Gii 2 anen,‘^is\ has a bitter taste, and is used as 
a febrifuge ISaid to contain an alkaloid, caia- 
pmo (Petroz and Robinet, J Pharm 7, 203, 
340) 

CARAPA OIL. ‘ Oarap Oil ’ or ‘ CVali Oil ’ 
(Fr Ifidlr Carapp), is obtained from the seeds of 
the ‘ carap,’ ‘ crappo ’ or ‘ oral)- wood ’ tree, 
Carapa Guiartpusis (Aubl ), a native of the West 
Indies and Central America 

'Phe oil IS prepared in IVinidad for loeal con- 
sumption by very primitive m .thods Accord- j 


mfeiior equality is thereby obtained It is a 
( leal yellow oil with a faint vegetable odour, and 
an intensely bittei taste which pi ec hides its 
use as an edible oil It is used locally as an 
embiocalion ag.iinst rheumatism .ind for the 
destruction of ticks which atfack domestic 
animals (de Vc'rteuil The Agiu ultural Hecoid, 
Trinidad, August, 1899, 17) It has considerable 
reputation as a finiment foi diessing wounds on 
horses and cattle Its excessive bitterness le- 
pels all insects, and mixed with tai is used for 
preseiving wood It is w(‘ll suited for the 
manufactuie of soap, and it is in this diiection 
that its futuie possihihtms he 

The oil fiom C qrandifoin, fiom Uganda, 
has hecn examined by LewkowiPdi (.Analyst, 
1908, 33, 184) (food kernels contained 30 20 
p 0 of oil 'rhe coloui of tlie eold-])iessed oil 
was almost white, with a tinge of pale yellow 
At the ordinary temperatuie, it solidities The 
hot-pressed oil is much darker in colour, and 
lemains solid at the ordinary temperature 

Jjewkowitsch (Analyst, 1909, 34, 10) has 
also exammed tlie oil fiom C piocoa (DC), 
tlie sc*(‘d.s Ixung obtained from Surra Leone 
The sound keinels \i<‘Ided by (‘xtraction with 
('thcr 57 2() p c of oil , whilst the yield of oil by 
cold and hot extraction at a pressuie of 150 
atmospheies was 4() 7 ]) e 

The following analytu al results arc due to 
C H Wright (Bull Dept Ague Tiinidad, ix 
11X0) J ,1 

Specific gravity at 40740"C 0 914!) 

Specilic gravity at 15 5715 5”(! 0 9219 0 921 1 

Acid value . . 27 5 1 9 4 

Sapomticat ion value . 197 2 l!)b 1 

Iodine value . . 07 7 58 5 

Kcicheit M(mss 1 value . 3 8 3 0 

Unsaponihablc matter . — 110 

CARAWAY FRUIT. Cani} frurtu^, B P. 
The (hied iipe fruit of Camrn Cam (Linn ) 

CARAWAY OIL v Oins, Ess ln hat, 
CARBAMIC ACID CIl.NO, or NH,(!OOH 
Aminofonmc acid An acid not known m the 
flee st.xte Ammonium caibamtte is, however, 
met with m freshly sublimed commereial ammo- 
nium carbonate, and may be piepaiccl by mixing 
gaseous ammonia and eaibon dioxide Obtaiiuxl 
also by the action of alkaline solution c^f potas- 
sium permanganate on albumen, leucine, tyro- 
sine, and glycocoll 

CARBAZOLE C, ,Tl<,N or A 

white crystalline substance found amongst the 
products of the distillation of coal tar, and 
also met with m crude anthracene Carba/olo 
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compounds are most easily recovered from crude 
anthracene ))y converting the former into the 
easily soluble nitrosoearba/ole (Wirth, Eng Pat 
144b2; J Soe Chem Ind PK)1, 4(4) Maybe 
obtained by passing vapour of aniline or di- 
phenylamine through a led-liot tube, by boil- 
ing iminodiphenyl siiljihide 

with reduced copper ; by passing the vapour of 
orthoaminodi])henyl over lime heated to a dull 
rrdiiess (Blank, Her 1801, 800), or by acting 
on oithoainmodiplumylamine with nitrous acid 
and h(‘atiiig the phenylazinndobi'nzeno so formed 
to (draebe and IJllmann Annaleii, 201, 10) 
Eoims white laiiiiri.e, mp 2.48“, bp 4515° 
(eon ) ('arba/ole dissolves in eoneent rated 
Hulphuiie .v id to a yc'llow solution which ( hangers 
to red-viol(‘t on lu'atmg Addition of foimalde- 
hyde givt‘S a blue solution changing to a gieemsh- 
bliie on addition of large quantities (Gabietti, 
dhern Zentr J<)()7, 11 08) 1 mol caiba/ole, 

2 mols. salu ylaldehv<le and eoneenti.atcd sul- 
phurio acid, lieated to I0()°-11()°, give an in- 
tense blue coloiii ((kiirai a, (ha/z ehiin ital 1800, 

11 545) 

By nnOt'iug togetlu'r (aibazole and oxalic 
a( id, and (‘\tr acting with hot water and benzeuH', 
dissoKing th(‘ residue in waiin akohol, filtering 
and evaporating, rarhffzolr hlue is obtained 
The alcoliolie solution of carba/ole blue, when 
treated with glaeial aeetie arid and ziiic-dust, is 
decolourised h'lltoKMl into caustic .soda solu- 
tion, the leueo- b.vse sepaiati's out as a white 
floeeulent pit( ipilate On oxidation with any of 
the usual leagents, the blue colouiing m,i.ttei is 
again foimed (Bambeiger and Muller, Her 1887, 
1004, J Soe (^'hein Ind 1887, OOO) Cmlui 
zoIp ifdlonn'^ prejiared from the tetrazo- derivative 
of diaminocarba/ole It is easily soluble in 
watei, and dyes uninordanted eotton in a neutral 
bath a fast golden yellow and wool in a neutral 
or acid-bath a yellow, fast to milling (Bad 
Anil and Sod h\ib Eng Pat 14478 and 14470 , 

J Soe (Oiemlnd 1880, 771) (r^ Azo- (’onouiuNui 

MATTl'Uls) 

Nitroearbazole is obtained by treating nitro- 
socaiba/ole with 10 times its weight of benzene 
and its own weight of nitrie acid , sp gr 1 3() 
(VViith, Eng Pat 2800, D R P 128853, d 
Soe ('hi'in Ind lOOl, 800) Dmitrocai bazolcs, 

V Had Anil 11 Sod Eab (I) R P 4r448 , 
Erdl n 447), Wiith (D R P 128854, Frdl 

VI 58), Tnnitrocarbazole (Akt Ges f anilinfab 

I) U P 205817) These nitro- compounds 
miy be leduccd to the amino- compounds by 
means of alkali sulphides (Wiith, D K P 
140.‘)()8 , (Oieni Zentr 1003, 1 740) By 

boating carbazole with concentrated .sulx^hiiric 
acid, a mixture of disulpbonic and tiisiilphonic 
acids IS obtained Nitiation and subsequent 
reduction of the former yields arainocarbazole- 
disulxihonie a( id, which, when diazotised and 
coiqiled with /I-naphthol, yields a dyestuff 
dyeing rod from an acid- bath If the nitiic acid 
IS addl'd diicct to the products of sulphonation, 
on reduction a second ammo- acid is obtained 
which, when diazotised and coupled with 
^-naplithol, gives a red dyestuff, and with 
a-naphtliylamine a violet (Schultz and Hauen- 
btein, J j)r Ghcm 1907, 340) The sulxdiomc 

amds, pieferably the] disulpbonic, condense 
with tcti.dkyldiammo diplienylcarbinol to yield 


valuable green dyest iffs (Cassella & Co. Eng. 
Pat 20709 ; J. Soc. Chem. Ind. 1909, 697). 
By allowing nitrosophenol, its homologues or 
derivatives to act on carbazole in the presence 
of cone sulphuric acid, compounds are obtained 
which yield blue sulphide dyestuffs with alkali 
polysulphidcs (Haas, Eng Pat. 2918; J. Soc 
Chem. Ind 1909, 517) For N-acyl derivatives 
of carbazole, see Copisarow. Chem Soc Trans. 
1918, 810 

A method has been patented (Ch Fab Act 
Gesell in I lambing, D R P 812.37 , Ber 1895, 

IV 092) for obtaining potassium cyanide or 
foirocyanido, by heating the potassium deriva- 
tive of caibazolc in the absence or presence of an 
iron salt 

CARBITE. An explosive consisting of nitro- 
glycerine (2.5), pot.assmm nitrate (44), flour (48 5), 
banum nitrate ( 1 ), x>^^wdcicd bark ( 1 ), and 
sodium carbonate (0 5 part) 

CARBODYNAMITE Exclosivks 
CARBOHYDRATES. M3ic term is applied 
to j)olvbvdioxy-aldcliyd('S and ketones, and to 
the .substances which give these wlicn bydtolysed 
by beating with mmcial acids Dcxtiose, 
oidinarv sugar or sucrose, staich, and cellulose 
aie ( <11 bohydr.itcs uiuvi'is.illy distiibutcd in 
pl<i,nts Di'xtroso and glycogen enter into the 
composition of animal tissues The simple 
carbohydrates, monos.icchaiides, have the em- 
pirical composition GIPO, the most important 
being those containing 5 or (> atoms of carbon 
'I’lic complex carbohydrates, ])olysacchaiidcs, 
aic built up fiom two or more siirqdc caibohy- 
diati's with the elimination of watri , they have 
the comj)osition (( \}H joOrJ/dl^G (Kiliani, (3iom 
Zenti 1908, 42, 4()()) Compounds m which n 
orpials 1 , 2 , 3 , or 4 aie distinguished by names 
having the suffix -ose d’liey may be conveniently 
gioujicd as follows — 

1 MonosacchaTidcs 

{(i) Pentoses Cr.Hj„G-;, <1 arabmosc, xylose 
(b) Hexosos aldoses, eg dcxtiose, 

mannose, galactose , kef oses, e g la*viilose, 

sorbose 

2 Disaccliaiides 7 ? — 2 C^, 1122^^5 

{(i) Non-reducing, e g sucrosi', trehalose 
{})) Reducing, eg maltose, lactose, <k'c 

4 Tiisaci handc's ??~4 Gen- 

tianosc, rafiinose, nude/ifosi' 

4 Tctrasacchandes n — i t ' 241112^21 
chyose 

5 Polysaccbaiidcs 

{a) Glycogen, inulin, di'xtrms, 7? unknown 
{!,) Starch, ci'Ilulose, n voiy largo 
Related to the cai bobydrates aic those 
substances wliK'h yii'ld simpk* caibohydiatcs, 
together with otiier substances when hydrolysed 
Such ai'o glucosides, gums, x^ectiiis, &,c {g <') 
Gcneuil cluiKtciers — 'rhe members ot ckisses 
1, 2, 3, 4, and 5a arc soluble in water They 
have a moie 01 h'ss jn’onounced sweet t<i.ste 
The rnonosai ( liaridc's are eolouile.ss crystalline 
comxiounds, chaiaoteused by the jiower of 
' rediieing alkaline solutions of the heavy metals, 
for example, cop[)or 39iey form characteristic 
compounds with |)henylhy(lrazine 

T’ho cli- an<l poly-saccharides aio converted 
into Biniplo carbohydrate's when hydrolysed 
This change may be effected by means of mineral 
acids, or, as a rule, more quickly by enzymes 
'The eomxilieate 1 x><dysacchaiides arc usually 
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amorphous , they tend to form colloidal solu- 
tions, arfd arc chemically relatively inert In 
virtue of the hydroxyl- groups which they con- 
tain, they react with acetyl chlonele, benzoyl 
chloride, nitric acid, &c , forming esters 

Carbohydrate solutions arc generally optically 
active The direction and amount of the 
rotation vaiy with the substance, and also 
with the strength of the solution, the nature of 
the medium, the temperature, &c The optical 
rotatory power of carbohydrates ls made use of 
in their analyses {v iSaccharimotry), and as a 
guide to their structure 

fiitercsting generalisations have been drawn 
by Hudson allecting the molecuhir rota- 
tions of a and y8 forms of sugars It is 
now generally acccjited that the dilTercnco 
between the molecular rotations of the a and 
^ forms of mutaiotatoiy sugars is a constant 
The compounds selected show considerable 
diversity of tyjie and discordant K'sults have 
from time to time been (‘vjilained away by 
showing th.it the compound in question is 
derived from other than the a and foims of 
the sugar (r/ Hudson,.! Amer (Iiem »Soc 1<H7, 
39, lOl.'J) The maximum values for the 
speeilic lotations ar(‘ now aimed at by the 
indirect method bas(‘d on solubility measure- 
ments (Lowry, (Ihern Soc Tr.ins 1901,8.5,1551, 
Hudson, J Amer Chem 8oc 1901, 20, 1005) 
1’he .asymmetric system attached to the a-carbon 
atom exeits a prepondeiating inlluenee on the 
activity of these com])Ounds and determines 
the sign of the rotation 

Hudson’s general is.ation have enabled the opti- 
cal rotatory power of carbohydrate cleiivatives to 
be used as an important guide to their structure 
ComMutional foimula oj Dexiro^p — In addi- 
tion to those carbohydrates which occur na- 
turally, a number of others have b(‘en piepared 
.artificially by Emil h’lscher, and it is largely to 
his work that the present complete knowledge' 
of the group is duo (Fischer’s original woik 
has boon republished, rntersuchungen uber 
Kolilciihydr.sle, Berlin, 1909, .T Springer) 

Dextrose .iiid its isomeride.s (/«H,,Ofl, con- 
veniently termed glucoses, have 5 oxygen 
.atoms present as ‘hydroxyl,’ since they foiin 
esters such as dextrose pentacetato 

CeH,0(0 CO CH,), 

The sixth oxygen behaves as an aldehyde in 
dextrose and galactose, as a ketone in I.evulose 
and sorbose The two classes of compounds are 
accordingly refeiied to as aldoses anci kt'loses 
Reduction conveits the glucoses into alcohols 
(’(,Hj 40(;, dextrose yielding soibitol and mannitol, 
and galactose forming dulcitol 8econdaiy 
hox^liodide, a derivative of normal hexane, is 
foi mod by the action of hydrogen iodide , iience 
the glucoses must po«iaess all their six carbon 
atoms united in normal chain 

Dextrose on oxidation yields, in the first 
place, gluconic acid C\Hg(OH),, CO JI which 
rctaias all six carbons and, like clextrose, forms 
a pentacetyl ester Further oxidation converts 
it into s.accharic acid ('eHjoO^. Galactose 
behaves similarly, yielding the isomeric galac- 
tonic, and mueie acids Taking fuither into 
consideration the reducing power of dextrose, 
the constitutional formula may bo written 

Cll(OH) CH(Oll) Ciroil) CTTCOH) CBO 


This formula does not fully expre^ss the 
behaviour of dextrose, which lacks many of the 
well-attested properties of the aldehydes ; for 
example, it is not oxidised m the air, and does 
not show their various colour reactions Tollens, 
m 1883, therefore, proposed the lactonic or 
7-oxide formula (i ), which may also be written 


(11 ) . 


/CH(OII) 

H— C— OH 

/ Jh(OII) 


^ J 

1 

\ CH(opr) 

IIOCH 

\c!h 

1 

H(/ 

OH(OH) 

j 

HCOH 

(JjI^fOH) 

j 

CH,()H 

(0 

(11) 

This formula (1 

or 11 ) LS in entire .agreement 


with the leaftions of dextrose, and has been 
generally adopted It ls supposed that m 
jiresenco of alk.rlis and other reagents the 
7-oxido ring opeiLs, foimiug the aldehyde 

'Pile discovery of a third methyl glucoside 
(Fischer, Ber 1914, 47, 1980) and of ad- 
ditional isomerides of other glufoso deiiva- 
tivi's (Hudson, J Amer (diem 8oc 1915, 37, 
1589, 1591 , 1910, 38, 1223) h.rs involved the 
re< ognition of a diffi'rent internal linking in the 
sugar molecule The oxygen atom may conned, 
other pairs of atoms as well as the 1st and 4th 
The new form of sugar termed 7-glucoso 
(dextiose) obtained from this glucoside has not 
been isolated m the free state, but its tetra- 
mrthyl derivative is known (Irvine, Chem 80c 
Trans 1915, 107, 524) This is far more 
reactive than the corresponding derivatives of 
a or j3-dextroso it (ondenses with alcohol 
with extreme e.asc and instantly leduces alkaline 
peimanganate solution, giving use to a new foim 
of tetramc'thyl gluconic acid 

The woik of 'Panret (Gompt rend 120,1000) 
li.as shown th.at dextrose exists m more than 
one form In addition to the hydrated .ind 
anhydrous modifications, he isolated two olhei 
anhydrous modific.ations Tliese difleied p.ii- 
ticularly in optical rotatory powei Tan id. 
described as a-dextrose having [a]j^+ll(F when 
first dissolved, and falling in arpieous solution , 
a ^-dextrose having falj^+lO^", and imreasiiig 
m solution , and a dextrose having 52 5", 

and rem.aining constant in solution This 
modilieation was called 7-dextiose by 'Panrd. 
It IS not the same, of coui’se, as the 7-glucose 
mentioned above It had long been known 
that the optical rotatory power of fleshly 
dissolved dextiose diminished to about one-half 
its imtial value in solution, and the teim mida- 
lotatwri or hi-ndation was applied to this 
phenomenon 

Dubiunfaut asenbed the change to purely 
jihysical causes Fischei considered thatf the 
.xlclehyde dextrose undeiwent hycbation to an 
.alcohol of lower rotatory ])owei In 

view of Tan?(‘t’s disc ovci ic'S, it is now considered 
that the ch.ange in rotatory power is due to the 
mutual interconversion of tlu' a- and )8-dextiosctt, 
until eqiiilibnum is attained 'Panret’s 7-dextrose 
represents such .an ecpubbrium mixture It is 
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supposed that both a and ^-dextrose have a 
closed 7-oxide ring stnioture, and it is still a 
matter of controversy whether some piopor- 
tion of open-( liain ahlchydc is present in solu- 
tion in th(* eijiiilihrium mixture (For the 
full discussion of this ipiestion, .see E F Arm- 
strong’s The Mimplo Carbohydrates, Longmans, 
1<)10) 

To understand fully the relation of a- to 8- 
dextrose, it IS necessary to refer to the van’t 
HolT-Lc Bel conception of space isomerism 
(Chemical compounds which rotate the jilane of 
polarised liirht contain an rmimmctnc ernhon 
atom,, that is, one m which the four athnities aie 
satisfied by four distiiu t raduals Fiuh a 
eaibon atom is considcird as lying in the fenti(‘ 
of a t(‘trahedion, and each of tin four different 
radicals with which it is combined as bcung at 
the four solid angles thereof Two modifica- 
tions of the eompound an* possible, whu h are 
i(‘lafed to one anof.h( r life an object and its 
reflected image 

In the Tollens formula foi d(‘\trose, the 
carbon atom (C) has the foiii difTcnmt gioups, 
|{, OH, tho oxygen of the ring, and the (*omplc\ 
.ittaclied to it It is asymmetiic, and , 
(wo isomciides are jiossiblc, winch aie icpie- i 
sented on a plane siiiface by wilting 11 and OH , 
on one or other side of the carbon atom, as the , 
following foimube show — * 


CHO CHO CHO 

I ‘ I 

HOCH HCOH HCOH 

I I I 

HOCH HOClf HO(TI 

I I I 

HCOH HCOH HOCH 

I I I 

HCOH HCOH HCOH 

I I I 

CH.OH (!H,OH CH^OH 

Mannose Dexfiosc tJal, icto.se 

Mannose and galactose, lihe dextiose, exist 
in a- and )8- foims, and it is more coireet to 
wide their foimiihe in the foim adopted for a- 
and )8-de\trose 

As IS to be expected, the isomeric glucoses 
diffoi blit little in then ehemical Ix havioui 

Foimula of Lanilosp — La>vulose, when oxi- 
j dised,forms glycollic and tnhydioxygliitaiic acid, 

' ot othei a( id.s with less than (> eaibon atoms 
It foims an additive compound with hydiogen- 
eyanido, which yields Leviilose eaiboxylic acid 
(^7 Hj 4()^ on hydrolysis, and this, when boiled 
with hydiiodie acid, is conveited into methyl- 
biitylaeetK' acid ('40^ CHMc C( ) ,H This be- 
havioui (\stablish(‘s 1.e\iilose as a hctohcxcjse Jt 
has the foimiibe 

(dl.OH (^H,OH 


H()__C— H H— C— OH 

H(H)H H(H)jr 

I 'o I d) 

HOCH 

HC 

I 

H(!0H HCOH 

I I 

(dfo OH (;H> OH 

a-Dexfiose ^-Dcxliose 

Conc^sponding to these two isomeiic forms, 
dextrose givc's use to a double' seiic's of deiiva- 
ti ves 

The comj)Ound ic'iircsentc'd by the formula 

cfiijCon) cfi(oir) *11(011) *11(011) riifoii) cho I 

eonrains four asymmetric eaibon atoms 
(m.iikc'd *), and should, thciefoie, be cap.ibh' 
of existing in lb stereoisomer ic forms, 8 of 
which would be mirrcjr image's of the other 
S’, and of ec(iial but opposite rotatory ]>c)wei 

M’he cailrohydrate group has affordc'd a iinicpie 
oppoitiinity of testing this liypothc'sis, and 
although cmly three of the isomeiides oeciii ! 
naturally, no less than 12 ha\e bc^en prepared j 
artificially by Fischer, who lias, in addition, ^ 
made thc'm in .suc*h way.s that then stiuetiire is j 
established I 

The known aldc)hexos(‘.s are the dextio- and I 
hevo- isomeride.s of mannose, dextiose, idose, 
gulose, galactcjse, and talose Two further 1 
isomeridc'-’, namely, d-allose and d altiose, weie 1 
obtained by Lev(3nc and Jacobs in HH() (Ber ' 



CH.OH (!H,0H 

Fischot formula y-Oxiclc' formula 

Friic'tose sliows a pronounced tendency to 
exist in leactive forms other than the noimal 
7-o\ide type— ])iobably many of its comjiounds, 
including suciose, aic' deined fiom the ethylene 
oxide tyjie 

OH ('H. |CH OH], CH C(()H) CH, OH 

■ V 

'riie ethylene oxide form of mc'thyl friictoside 
rc'adily eondensc'.s with acetone and lajudly 
leduc c'H jiermanganate 

Formi(l(v oj th(> rnifosc^ and Tftrosc^ — JCight 
aldopentoses aie possible, of which seven have 
bc'C'ii artifici.illy prepared, vi/ d- and /-.irabinose 
and xylose, d-lyxose, and d- and /-ribose The 
two most common natuially occurring pentoses 
have the constitutional foimula' 


48, 8141), stalling from d-iibcxse Tins is a ■ 1^ 

eornponemt of many nucleoside's, and so a ' (df^OH CHoOH 

considerablo quantity had been accumulated for i-^rabinose Z-X>I(»Re 

the purpose of applying the ey.inohydrin ]}rcK'e.ss Like dextrose, they occur in two forms, and 

it will sufbc e to give' the constitutional for inula' are inoic oorieetly written with a y-o\ido 
as established by Fischer of the natural structure A pento.se believed to be c/-arabmo.so 

members — 1 has been isolated from tho gluco.side ba^baloin 
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(Loger). Lcvcno (Ber 1909, 42, 3247; 1910,, 
43, 3147) obtained rf-ribose from nucleic acid 
Throe out of the four possible aldotetroscs 
aio known, viz. d- and /-orythiosc and /-thieose, 
but they have not been fournl in natuie 

Reaction with Pfwyi ijlhyd razine — The lieha- 
viour of the caibohydiates with phenylhydiazine * 
IS paiticulaily chaiactenstic, and it ha.s further | 
an historical iriteiest, as phenylhydrazine, in the | 
hands of Fischei, seived as one of tlie chief aids ] 
m the elucidation of the relationships of the ! 


phenylhydrazone, it is boilerl in water with a 
slight excess of benzaldehydc Th(‘ phenyl- 
hydrazine is removed as benzaldehyde ])henyl- 
hydiazone, the excess of aldehyde extiacted by 
ethei, and the sugar solution cone (uiti ated in 
vaciuj With the disiihstituted hydiazimes hettei 
lesults are obtained on using formaldehyde 

The phenylhydrazine lesidues may be 
1 (‘moved from the osazones by heating with 
luming hydiochloiic acid (impounds termed 
osones arc formed 


group. 

Dextrose reacts with the reagent in aeet ir 
acid solution in two stages In tlie cold a 
phenylhydrazone is loimcd 

(:«ll,d),(:H.NNH(;il,+lUO 

This IS a ( olpurlcs'-’ substance, soluble m 
water, and is obtained in two modihcations, i 
one or the otlus pi edornin.it mg a<(ordmg to the I 
mctliod of pr(‘paiation Similar compounds, 
with asymmetrK tilly disuhst-itutcrl hydia/im‘s — 
for ('\amplc, bon/ylphcnylhydrazine — ^aie ottrui 
less so!ul)l(' ,ind mote ( li<na( tiuistic Mannose is 
remaikabh' m ioiming an .dmost irisohibh' 
]>li(*nytliydrazone Tin* liydiiizones of lactose 
and imdtose ai(‘ very solubh' 

At tli(‘ temficiature of boiling water, dextrose 
Tc'acts with excess of jihenylhydiaziiK' to ioini 
the ]thenylos<i/one 

CFl2(OIf) [ 011 ( 011)13 ( 1 ( NNIIIdi) 0 H NNllPh 


I OH2(OH)I(TI{OH)]3 0()OH() 

j These are colourless syrups, they act as 
j strong u due mg agents, comlrmo directly with 
phenyl hydiazmcs and are nori-fei mentable The 
slightly soluble' osazones ol tlic dis<iccliai idc's, and 
of the pcntose.s, aie converted into osones on 
lioiling with bcm/aldehyde 

When lediKcd by means of sodium amalgam, 
the osones are conviitc'cl into kc'toses, and not 
into the' aldoses tiom which tlu'y wc'ic' formed 
Thus it is jiossible to pass ficjiii dc'xtiose to 
Ijcvulosc — i tMiisfoiimit ion of gieat impoitance 
— thc' stages being 

dcxtiose*^ plu nylosazonc"^ osone“^ he villose 

Allot lic't im])ortant tiansfoimation is that 
fiom de\tios(‘ to m.innosc', which is basc'd cm 
the fact that gluconic acid (7c), when heated 
with cjumolmc', is convc'ited intc) a mixtuie of 
gluconic <ind mannonic acids The stages in 
t his case arc' 


Dextiose (1 molcaulc) is IkmIcmI with 3-1 |' ovulatioii icduction 

moleeulc's of phcnylliydra/ine, i\hic*h should be i >nnnQn 

aim,, St colo.nhs, and fire 1.0m ..xi.lation i.r..-, add a<i<l 


duets, and an ec^ual volume of bO ]> c acetic acid 
in a flask iminc'iscd in boding w.itci foi an bom 
or moie Usually tlie osazoiic begins to scpar<ite 
in 20 mmutc's 01 Ic'ss In the' case of flu* disac- 
ehaiidcs, no scpaiatum of osazones takes jilacc 
fiom the hot solution. 

The yellow os<i/ono is filteic'd and earefully 
washc'd , it may be' crystallised fiom most 
01 game* solvents, but the* most snitible ajipc'ais 
to be a dilute' solution c)f jiyiidinc Dextrose, 
mannose and l.evulosc form thc .same phenyl 
osazonc, as they ditlci only m thc iclativc' posi- 
tions of groups which aio dcstioyc'd jii thc forma- 
tion of thc osazonc' 

Too mucli deiic'iidc'iicc' must not ho ]>lacc'cl 
oil thc* mcltang-pomts of the osazcmc's m idc'iitify- 
mg imkiiown sugais m solution, as these dc'ptmd 
very larged y on the rate of lieatmg, and the 
method of purilication adcjjitc'd Disubstitutcd 
hydrazines do not diicctly foim osazones with 
dextrose, though tliesc may be prc'parcd from 
thc osones 

Dipbcnylmcthanedimctliyldibyclrazinc 

ch2((!«h,nmc mi,), 

(J. von Biaun, Ber 1917, bO, 42 , Votocek, Ber 
1917, 50, 35) appears liUc'ly to be of use in 
determining the eonfigu ration of aldoses 
Hydrazones arc only proclueed when at Ic'ast two 
of the UH(()H) groups following the aldehyde 
group have the same spatial airangenients 
Thus hydrazones aie formed with aiabinose, 
lyxose, rhamnose, ribosc, rliodc'osc, fiieose, 
galactose, mannose, but nob with xylose, iso- 
nhodcose and glucose 

To recover the oiigmal sugai from the 


By the aid of thc'sc* two ic'acfions, I^bsehei 
was able to pass ficnn f he* syntbeln .il a-.iciosc* to 
cZ-gliK CISC', c/-fi uctose, and c/-inaimose, and so 
(‘fic'ct the c*om))l('te synthc'sis ol tlu naturally 
oec 111 I mg hexoses 

d’ho sc hcmie on next jiage shows the succes- 
sive' opc'iations 

Ci/anoJufdnn — The .ddosc s c ombmo 

cliiectly with hycliogeu c yanide, fonmng mtiilc^, 
wliicli, win 11 liydiolysc'd, giv<* use to ac ids con- 
lammg onc' c.iibou .itoin more than thc' oiigmal 
eai bohycliate The lactones of those acids, 
when rednc’ccl with sodium amalgam, yield the 
conesporiclmg aldoses with one carbon atom inoic 
than the original caibohydiate : 


C‘ H 11 O 5 CIIO + Il(’N=(' 5 rfi,Or, ClffOll) CN-> 

F 5 &n<>r. ('H( 0 JI)('() 2 U->(bHii 05 ( ll(OH)(TI() 


In this manner arabinose is eonveited into 
dextrose*, dextrose* into glucoheptosc Fischer 
has continued the process as far as tlie aldono- 


iiose 

Actually two i&onieiides are formed at each 
stage, and arabinose gives both dextrose and 


manno.se 

Deijmdation — The converse change from 
dextrose to aiabinosc has been cllected by 


several different methods 

Wohl (Ber 1893, 2(3, 730, &c ) heated dex- 
trose oxime with concentrated sodium by dioxide, 
so converting it into gluconic acid nitrile, from 
which, on further heating liydiogen cyanide was 
eliminated and c/-arahmose formed 


0H()->Cjrn()fi CH N OH-> 
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a-acrose (obtained from aeroloin bromide, glycerose, or formaldehyde 
j [ by heating with phenylhydrazmej 

^/-phenylglueoMazone 

j I by treatment with concentrated hydrochloric acid] 

^y/-gliicoflono 

I [by reduction with zinc-dust and acetic acid] 


r/Ma?vulose 

[by fermentation with yeast [ I I [by reduction with sodium -amalgam] 


Ma'viiloso (dextro-rotatory) /^/Z-m«innitol (a-acritol) 

[ I [by oxidation with acid] 

-phenylglucosazone j 

(ZZ- mannose 


j (bv oxidation with biomine] 
r/Z mannonic a( id 

I [ by separation with strychnine and morjihme] 


Z-mannouic acid (l.evo-rotatory) 


I by reduction with sodium [ by reduction with soilium 
amalgam] amalgam] 


cZ-mannonie acid (dextro-rotatoiy) 


[ l>y heating with (jumoUnc j 


Z-m.iiinose [ 

[by furthei leduction] fZ-mannose 


Z-mannitol 


I by furtlier reduction 1 


(Z-mannitoI 


rZ-glu conic acid 
[by treatment with ])hcnyl- I [In icductionj 

hydia/ine acetate | | 

<Z-g]ucoso (i c ordinary 
I dextro-rotatoiy dextrose) 

iZ-phenylglucOsa/ono 

I I [by reduction I 


d-glueosonc iso-glucosamme 

I |b\ 1 eduction] [by nitrous acid] ] 


I I 


Z-l.evuhne (ordinary l.cvo-iotalory l.evulose) 


In practice tlio method adopted is to heat 
the oxime with acetic anhydride and a grain of 
zinc chloride; a vigorous leaction ensues, and 
the pontacetati' of gluconic acid nitrile is formed, 
from winch iiydrogen cyanide is eliminatiMl by 
treatment with ammoniacal silver oxide 

Ruff (Her 1S9S, 31, 1573) oxidises the 
calcium salt of gluconic acid, with hydrogen 
peroxide m presence of a ferrous salt (Kenton’s 
method) The carlioxyl -group is eliminated, 
and arabino.se formed 

Nouberg (Biochem Zeitsch 1908, 7, 527) 
effects th(* elimination of the elements of formic 
acid from gluconic and .similar acids by electro- 
lysi.s 

Weerman (Chem 8oc Abstr 1915, i 387) 
obtains gluconamide by saturating glucono- 
laiTone in alcoholic solution with ammonia 
On subsequent Ireatment with hypochlorous 
add the amide i.s dccompo.sed according to the 
scheme 

RCH(0II)(3JNH,->R 011(011) N 0 O— > 

R OHO 

Accoiding to Iivinc the reactions piotced with 
the utmost smoothness and constitute a great 
improvement on the methods hitherto in u.se 


The reaction has been applied to glucose, 
galactose, Z-mannose and Z-ai abino.se 

Acfwn, of AckLs - — Dilute acids are without 
action on the aldoses, but when submitted to 
the contmucfl action of acids, hexoses yield 
1 evulio acid (acctopro[) ionic acid) 

(OH3CO OH, OH,(D,H) 

and formic acid, togethci wd.h blown or black 
humus substances The first product from the 
2-kctoliexoscs is 4-hydroxymethylfurfuialdo- 
hyde 

OHO 0. OH OH OOfDOH 

0 

and it is to the condensation products of this 
aldehyde that the colour reactions of the ketoses 
with phenols are due Blanksma and Ekenstein 
have shown that this aldehyde is also produced 
on heating mannose or dextrose with oxalic acid, 
and Fenton obtained 4-halogenmethylfuifurol 
fiom Lcvulose, and more slowly from the aldo.ses, 
on treatment with diy halogen hydride The 
aldoses app.iiently undergo a 1-, 2'enolisation 
and conversion into 2-ketohexo8e. 

Action of A Ikali 9 — Although absolutely stable 
m pure aqueoi s .solution, ch'xtro.se, ianno.se, 
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cind fruotufae pa.sb ovt i into uno auoUier iii 
prosoiico of tiaces of alkalis in the cold The 
optical lotation of a de-xtruse faolutioii containing 
alkali, foi example, slowly falls to 7ero Tins 
change was observed by Lobry de Biuyii and 
Alberda van Ekenstem (Rec tiav Chim 1895, 

14, 15b, 204) it IS due to the conveision of the 
sugar oiigiiially present into enol 

CH2(01i) [OH(OH)J3 C(0H) CH(Oll) 

which IS reconverted into all tliiee hexosos 

Giiamdine (Morrell and Bcllais, Chem. Soc. 
Tians 1907, 91, 1010-1033) bimgs about 

bimdar changes. 

The action of alkalis on the carbohydrates 
IS exceedingly complicated, and leads to the 
lormation of a great vaiiety of substances, m 
addition to humus compounds. The concentra- 
tion of the alkali is of great impoitanee, a largei 
numbci of pioducts being formed when the 
i datively sparingly soluble lime and bartya 
(Kiliani) are used, than when concentrated 
sodium hydroxide is employed (Nef, Aiinalen, 
1910, 37b, 1 , 1914, 403, 204) The latter paper 
contains a summaiy of many years’ woik, and 
is the main source of information on this complex 
subject In contact with chlute alkalis pro- 
found changes ensue in a hexoso, an equdibrium 
being linally established between the various 
cnolic foims The number of jiossible foims 
IS diminished as the conccntiatioii of the alkali 
IS reduced 4die unsatuiated molecules foimcd 
undergo iission at the double bond 

The decomposition takes place quickly on 
heating, slower in the cold, with the jiKxluction 
ol aeetol, acetone, lactic, acetic and loiniie 
acids, also glue line and sacchaiumic acids, and 
othci substances. With calcium hydi oxide 
sacchaiin oi calcium sacchaiinate is produced 
In .iddition to these substances, inteimediate 
pioducts ate loimed, moie eloscdy i elated to the 
monosacehaiides, and fioin which these aie 
lecoiistiueted by the synthetic action of the 
alkali. It IS established that hexoscss bieak down 
into a moleeulo e.ieh of chose and aldotctiose, 
or into 2 molecules of glyceiine aldehyde, that 

15, the 2 : 3 and 3 1-dienols dccom]3ose The 
1 : 2-dienols nevei bieak down into aldopentose 
and form aldehyde (\nivctsely, hexoses aie 
nevei built up lioin pentoses. 

Pentoses loim 1 . 2-dicnols, which, in the 
mam, give aldotctiosc's and hydioxy methylene 
on decomposition , they also foim 2 3-dieiiols, 
bi caking down to chose and glyceiim* .dd(4iyde 
Dextioses exclusively foim 2 3-dienols, 
bicviking down to 2 molecules of chose , they 
nevei give 1 : 2-dienols yielding hydioxy- 
methylcno and glycei me aldehyde The sti ongly 
dissociated zinc hydroxide ammonia acts on the 
monosacehaiides in the cold, pioclucmg methyl- 
CMe NH 

glyoxalmc || ^Eh (Windaus, Bet 1905, 

38, llbb , 1906, 39, 3886 , 1 197, 40, 799) 

Saccharinic acids. Accoidmg to Net (Anna- 
len, 1910, 376, 1) theio are 24 isomeiie sac- 
charinie acids, with 6 carbon atoms, namely 
a-meta-saccharmic acids (aySe-tetrahydroxy- 
hexoic acids). 

COaH CH(OH)-CIIa CH(OH) CH(OH) CHgOH 

dorivert from the 16 aldohexo&os , 4 t^^sacchar- 


inic acids (a-hychoxymethyl a7S-ti ihychoxy- 
valerie acids) . 

CO^H 0(OH)(C11, Oil) Clla Cll(Oll) 011,(011) 

derived from the 8 /hketohexoscs , 8 saccli.innic 
acids (a-methyltc'tiahydioxyvaleiie acids). 

COall OMc(Oll) OH(OH) (41(0 11) 011o(()ll) 
derived fiom the 8 7-kctohexuses ; and 1 pant- 
sacchaiinu* acids (a, a?-hydiox7eth;y Ituliydioxy- 
butyi le acid) . 

OH, (OH) 0H2*0(Oll)(0O,H) 011(011) OH, (Oil) 
The Lie tones of these acids aie known as 
saechaims Thc'y give iisi' to c haiaeteristic 
alkaloid salts and phenylhydia/ach's. and jiosscxss 
optical aetavity 'Lhe saechaims aie obtaini'd 
by the action ot lime on dextiose, maltose, or 
l.ictose 

Syntfu .SIS of Mom)6a( chii idt.^ — The condensa- 
tion ot ioimahh'liyde undei llie inline nee of 
bases to caibohydiates has been the* subject ol 
lepiMtcd study. ButlcMow, using milk of lime, 
obtained an um lystalhsabh' syiiip with a sweet 
taste, which behaved as a sug.ii, but was non- 
h'lmcntabh' .ind opta ally inactive He teimed 
the jiroduct mclliyb nitan Loew imfnovcd tlu 
teehni((ue of the method by satuiatmg a 4 pc. 
solution of formaldehyd(‘ with slakoel lime m 
the cold, and allowing it to stand The syiiijiy 
piodiiet was teimed ‘ loimose,’ and supjiosed liy 
Loew to be homogeneous, but subseipiently 
Fisclua showc'd that on tie<iting it with plmiiyl- 
hydi.i/ane, a mixtuie of osazones was formed, 
one ot which w.is identi( al with a-ae losazoiie 
Net has given iivisons toi believing foimose 
(piep<U(‘d by nuMns ot lead oxide) to lie 
a mixtuic m ajipioximately eijual jiaits of 
isomeiie hexosis and pentoses its composition 
obviously di jiends on the alkali employed and 
it.s concent i at ion 

Fisebii and Tafel etfected the condensation 
of aeiolem dibiomido by mcMiis of baiyta, and 
showed th(* syjujiy pioduit. to consist of two 
sugars, distinguished as a- and )8-a(iose Subse- 
quently, etude glye Close was made tin staitmg- 
point of the synthesis It is a mixtuii* of 
glyceiine aldehyde and dihyioxy .uetoiie, both 
of which substances have, m aftei -yexiis, been 
sepal at cly uhcmI as the initial mateiial. Fenton 
has used glyeollio aldehyde 111 the same manner 

A product of synthesis by all these imdlmds is 
a-aeiose, which is partly liamentable by ytast, 
and this Fisehe^r isolated as phenylosazone, and 
showed to be idmitual with m,icti\(‘ i/Mcevulosc 
From this by the seiics of leaitions alieady 
given, he obtained the natinal d-gluc(),s(% 
d-maimose, and d-fiuctuse (laivulose), as well 
as their oyitical antipodes and a numhm 
of new isomeiides. 4 lie ap])li( ation of the 
methods of degradation, elsewheie deseiibed, 
cnableal pentoses ,ind tetioscs to lie syntlnduMlly 
yncpaied fiom these hexoses, whilst the cyano- 
hydiin leaction made it possible to obtain 
monosaecliaridos with 7, 8, and 9 caibon atoms. 

The full expLination of the synthesis of 
carbohydrates m the green leaves of growing 
plants has still to be given It is generally 
supposed that formaldehyde, the first product 
of assimilation, undergoes polymerisation to 
carbohydrates, a theory advanced by Baeyer m 
1870 (Bor. 3, 63) Various compounds, such as 
glycollic and glyceric aldehydes and dihydroxy 
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iitctoue, liavo beta .suiyjjfc .stod as aitei iiK'diatc 
stages 111 the poly iiionsat ion, but it has never 
been possible to detect any of these in the plant. 
Appaiently {.he synthcbis is asyiainetnc, hexoses 
of the dextio- senes, and their jiolysaeehai ides 
being the only piodints of assiiiiilation It is 
supfKj.sed that the foimaldehyde elements aie 
supet posed under the iniluencc oi the asymmetiy 
of the piotoplasm mole( ule, aceoiding to .i 
deiinite ])lan, and aio split oil when six aie 
united, 

JSyntliAsis of l)is(i(( harides — Though often 
atteniptiHl, (he synthesis of disactliaiides, by 
fiuiely theniical means, has only l>een paitially 
successful Eisehet and Armstiong h.ive pie- 
p<iied a syiupy ( ompound, ])iobably identical 
with tlie natund sugai melibiose, by the intei- 
actioii of acc toe Idol ogalaetose with sodium 
glueosate 

Eisehci and Dclbimk founil that when 
.u (dobiomojjfhieose is shaken in diy etheie.d 
solution with silvei larbonate and tiaies of 
water, the octacetyl derivative of a disaceharide 
IS obtained 'iMiis is hyelrolyse'd by (old baiium 
hydio\ido to a non-rcducmg disaeehande of 
the tyjie of tichalose The oetaoetyl- deiivativc 
IS a mixtuie of isomeudes, and yields isomeiio 
disacchaiidcs. 

in the plant the dnaechaiides aie foinied 
from hexose by th(‘ agency of enzymes, wlueh 
exercise synthetic as well as analytic functions 
ft is undecided whether the same cm/yme can 
c.iuse botli s^ntliesis and hydrolysis, oi whetlier 
special eiizyme.s alone act as synthetic agents 
It is pioved, however, that an enzyme etfects the 
synthesis of a caiboliydiate isomeuc with that 
which it normally hydiolyses, the two c omjiounds 
being ajipaiently K'l.ited in the s.ime manner 
as the a- and /3-nieth^l glucosides (c Cioft 
JIill, (Miem Soc Tians lSd8, 73, b34 , 1003, 
83,587, E E Aimstrong, Ihoc Roy Soc 1005, 
70, R, 502 , and monograph on Caibohydiates, , 
1010) 

It has been established by Rouujuelot that 
the ecpiilibiium between a su^ai and a glucoside 
when in t oiitaet with the a])pio])iiate enzyme 
can be displaced in the diiettion of the glucoside 
when the solvent contains excels of the liydroxy 
component of the glucoside A large iiumbei of 
glucosides have been s>nthesised by RouKpielot 
fiom sugais dissolvxcl m alcohols containing 
vaiyiiig amounts of watei m cvmy ca.se the 
glucoside syiitliesised being that iioimally 
hvdiolysed This reaction, howevei, is not on 
all fouls with that taking ]ilai e in a concentiated 
solution of sugar in the absence of an ahohol, 
and so far all attempts to synthesise maltose 
or siKToso ill this manner have been dehmtely 
without result. 

In the following pages the occurrence, 
])iepaiation, piojieities, and deiivatives of the 
natunil, mono-, di-, tii-, and tidia-saci h.uides, 
also glycogen and mulm, ai(* (Ralt with 8uei ose, 
the dextrms, star eh, and cellulose, arc desciibeci 
in separate ai tides. 

Dextrose. Dextioglucose, giape sugar, | 
stardi sugai and 0 glIi 2 O 2 >R 2 ^* 

Occurrence — Reducing sugars aie vciy widely 
distributed in nature, but dcxtiose is almost 
always accompamed by leevulosc, the two 
hexoses being probably derived from sucrose. 
It IS thus found m honey, m the juice of most I 


fruits, and gcneially m vegetable tissues m 
small (piantitus In the animal kingdom it is 
found in blood and m diabetic mine. 

Foundiwn — Dextrose is foimed on hydro- 
lysing most of the known polysacchaiides and 
glucosides, eithei with acids or mizymes , it is 
similaily foimed fiom glycogen Thus cellulose, 
staieh, dextims, the disacehaiides maltose, 
lactose, and sueiose, all yield dextiose. 

rrepajution — Dextrose is usually picp.ired 
from starch oi sucrose It can bo obtained fiom 
any of the substances mentioned, but they aie 
less suited foi the ])iepaiatioii m ipiantity 

Ciudo commercial dextiose is jiurihc'd by 
dissolving 111 8-10 pc of hot water, and adding 
dry boiling methyl .ilcohol, until a cloud is 
piodueed This solution may be detolouiised 
by shaking with animal charcoal, and hlteiing 
On a<andmg, anhydious dextiose in a [mie state 
separates abundantly. To picpaie dextrose 
from sucrose, the latter must hist be mv cited 
This is best cllected by treatment at a tcmpci<i- 
turenot exceeding 50^^ , with a small (juantity of 
inveitase oi of pn ssed yeast. After a few hours 
the solution is evajiorated ui vacud to <i syiuj), 
which -solidihes on standing The mass is washed 
with cold elliyl .ilcohol (spgi. 0 830), .ind the 
residue dissolved in inoio alcohol Dextiose 
( rystalli.scs on cooling. 

SulphuiK acid may be used foi inveision , it 
must be ncutialised with baryta before evapoia- 
tion. kjoxhlet .idvi.ses the use of alcoholic 
hychochlonc acid at 50° for 2 hours Dextrose 
ciystallises m a few d.iys without neutralisation. 

PiopcrtiLS — J)extiose ciystallises from stioiig 
(03-05 [) c ) ethyl oi methyl alcohol in the 
anhychous state, and fiom* concen- 

trated aiiueous vsolutions at 30°-35° , with special 
tieatmcnt, ciystals of this composition may 
also be obtained. The crystals foimed in 
arpicous solutions at oi dinar y teinpeiatuies con- 
taui a molecule of watci of crystallisation. 
The anhydride forms white 
(lystalline ci lists or powder and, wlien it s(‘pa- 
iat(‘s liom the solvent slowly, fairly well-defined 
glassy |)iisms, tlio hychate crystallises iii 
caulillowei -like masses, but with (,iie .ind slow 
erystallisatioii vvcll-di'hned cryst.ils can be ob- 
tained Both bodies dissolve easily m water, 
the aiihydiido with evolution of Inxit The 
Iiydiate dissolves freely m strong ethyl or 
methyl alcohol, especially mi the ajiplication of 
heat, but th(‘ anhydiido is practically insoluble 
in these liipuds 

ei-J)ijittoM' exists in contact with boiling 
saturated alcoholic solutions it forms bar cl 
buttle needles From aijueous solutions mono- 
hydrate crystallises in six sided leatlets As 
purified by ( i ystallisation fioin dilute methyl 
alcohol a mixture of the (Idler ent forms is 
obtained A homogenous product is obtained 
by allowing the mixture to soak several days 
or weeks at a constant temperature with the 
.solvent until the whole of the /5-sirgai present 
has been converted into the a-isomeride 
Hudson and Dale (J. Amer Chern 8oe 1017, 39, 
320) obtain the a-forin by dissolving two parts 
of sugar m one part of water and adding 4 parts 
of glacial acetic acid, crystallisation being 
allowed to take place at the ordinary tempera 
turo 

^-Dextrose is former’ by heating dextrose at 
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105*^- 110"^ fur some hours or by ciystallisation 
from watei above 98“ Fiom a solution m 
boiling pyridine a mono])yn<line salt separates 
wliicli on exposuie lapidly loses pyridine 
(Bcliiend) An cvcui bettei method of prepaia- 
tion is said to be tlio following (Hudson and Dale) 
10 parts of dextiose aie dissolved in 1 part of 
water on a water bath, .ind 12 parts of glacial 
acetic acid heated to 100"^ aie added The whole 
is well mixed and removed fiom the watci bath 
when crystallisation at once comniciiLCs Aftei 
foui such ciystallisations pure ^-dextrose is 
obtained 

y-Dccifost (the C([uilibrium mixture) is 
obtained on piecipihiting with alcohol a 
concentiatcd aiiueous solution which has stood 
for some time 

The initial optical rotatoiy powcis of the 
two forms and tliat of the ecjuilibiium mixture 
aie as follows in aqueous solution — 

a-lal^,fll.)4° 

^-[aJ^^+19 0^ 

V-[a|j^+52 2“ 

(Hudson and Dale, J Amor. Chem Soc. 1917, 
39, 320) 

An acjueoiis solution of dextrose containing 
10 grams anliydrous dextiose in 100 c c of 
solution at 15 5°, has a s[) gr 1 0385 Its 
solutions ai(' optically .k tive, le possess the 
powei of lotating the* [>lan(‘ of ])olaiisation of a 
ray of pohiiised light Tlie lotation is nght- 
handed Hesse (Annalcn, 17t>, 101)) «ind Tolh'us 
(13ci. 17, 2231) have can hilly (l(‘tcrmim*d this 
constant, and the lattei’s icsults aie expressed 
by the for rnula 

[a]^ - 52 5°-}-0 01879()P+0 00051083^^ 
for the dry sugai, and 

la]]) - 17 73°-f-0 015534B { 0 00038831*2 
ioi the hydiate in w)ii< h P — 

the percentage of anhydride and hydiate in 
solution In dealing witli solutions ( ontain- 
ing 10 p c diy sugai, the factois [ci]j^ - 52 and 
[ajj' — 58 3° may be used The: optical activity 
of dextiose solution IS not mateiailly allected by 
temiicratuic The .ictivity is nc.irly twice as 
great in freshly prepared solution, dimiiiutioii 
hiking j)laec slowly in < old, but rapidly in boiling 
solutions, until the conshint value is ai lived at 
It is only eiystallised dextrose that exhibits this 
])ropcity of bi-rotation, as it is callctl, dextiose 
lused and allowed to solidify docs not show it 
(Hesse, Annalen, 170, 1 13) The solid ion ol dex- 
tiose in strong alcohol ictains the jiowei of 
bi-iota tion. 

When dextiose is heated to 170°, the elements 
ot a molecule of watei aie eliminated, dextro- 
sail (glycosan) CgH^oOg being pioduced. If 
the temper atuie is increased, that body is eaia- 
molised and chaiied Dextiosaii is again con- 
vcitcd into dextiose by digestion with watei or 
dilute acids It is a hygroscopic, dextro-rotatory, 
non-formentablc substance If the tcmpeiatiiro 
IS raised to 200°, and maintained at that point 
for a little time, gas, water, and volatile acids 
are given off, and if the heating is continued 
without being inci eased until tlicse pioducts 
cease to be evolved, the brownish-black residue 
(caramelised mass) becomes gradually solid. 


4’his substance is soluble m water, completely 
if the tcmjieiature was not too high, and lon- 
stitutcs the colouimg mattei used in wine, 
heel, cookery, »5i.c Should the heat be fuithei 
continued so that the body is ilestiuctivcly dis- 
tilled, ( at bon mon- and di-oxide, and methane 
are evolved, aldehyde, fiirfui aldehyde, acetone, 
pro[uonie, aictic, and foimic aiids, fuiane ancl 
fur fur ol distil ovei, and a black caibonaceous 
mass IS h it P Pakamli- 

Th(* action of alkalis and of at ids on dt xtrose 
has been discussed elsewheie Wiitm icduced 
by sodium amalgam, tlu* mam jiiodiKt (35 10 
]) c ) is soibitol, some tpiaiitity of mannitol is 
also formed m alkaline, but not in neutnil oi 
aeid solution It is deiivecl fiom the mannose 
piodutcd by the at tioii t)f alkali on dextiose 

Oxygen has no action on dextrost' in iieutial 
or acitl stilutions, but alkahiio stjlutit)iis absorb 
the g.is ()/t)ne t)xitliscs it to ft)imic at id, 
sat char It acitl, c'ct , btuiig protlucetl Stit)ng 
nitric at itl conveits tlcxiroso into sacchaiic acitl, 
anti tm.illy intt) oxalic, caibtinic, .iiitl ftuiinc 
acitls Treatetl with cliloiine oi bromine in the 
present o of wattM , the resulting prtrtluct yieltls 
gluconic acitl when submittetl to the action of 
silvci oxitlt' 

Dexlrtrse m alkaline solutions ictlutes the 
oxitles of gt)ltl, ])l.itmum, silvt'i, mciciiry, lus- 
rnuth, Icatl, ttipjiei, iitin, m.ingantse, tJti , in 
the tase of gtrltl, platimim, silvti, and mcicuiy, 
the letluctitin is tt)m])lett‘, the met.il being 
Itiimed , 111 the otlier c«ist\s Itiwei trxitlcs arc 

])it()tlucetl heiiot y.iiiitlt' t)f jitit.issmm, intligt), 
pit lit acitl, litmus, and such substances are also 
letlutetl by tlextiose m alkaline stiliititm Tlie 
])it>tlucts fitrm the tlextiose ait‘ imt the saint' in 
all eases, but they t onsist cliielly of car boiiit , 
foimic, tixalic, .iiitl glytt)llic acitls, other piotlucts 
bt'ing alst) formetl 

Nearly all tlie tine yeasts {lSatLharomi)C(^ 
UK inliKUKt f(iLi( ns is un t xt e])tit)n), a great 
numbei t)f toiuhe, mmiltls, anti other oiganisms 
fciiiient tlexliost', yieltlmg carbon tln)Xitle and 
alttiliol as the t hief ])rt)diicts Olyteiol, sut time 
acitl, anti otlier botlies (fust 1 oil) .ire ftumetl at 
the same time, the j)i optn tions ot tht st* botlies 
vaiying m.iteiially with tlie oig.inisms and the 
ttiiulrtitms untlt'i whit h tlie growth takes place 
The woik t)t l^]hrlich suggt'sts that mt)st t)f these 
by-protlucts are tlt'rivetl fioin ammo-acitls, 
pititluced fit>m the yeast anti not from dextrose 

(?’. Pi' KMEXTATltlX) 

Piessetl yeast-juice, /ymase, whith contains 
nt> living pi t)toplasni, also feiments tlextrtise 

In the ])iesenee t)f gitrving bactei la t)f \ai it)us 
s])ccies, dextitise yieltls many piotlucts, tine 
species conveits it into lactit* acitl, another into 
butyl 1 C acid, another into cellulose, the so-t allctl 
slimy feiiiit ntatioii, and st) on Ot her oiganisins 
ox It 1 1 so dextrose ( v Pk km e nta thin) 

Dextiose combines with stitlium thltuitle, 
bioniitle, anti loclitle, loiming well-tlefiiicd 
crystalline compouiitls, these tlecompose in 
aqueous solution. Compouiitls with bases are 
indchiiite m chaiactei, anti unstable 8odium 
and potassium dextrosate (gH,jMOg arc 
obtainetl on adding sodium or potassium cthoxide 
to an aloohohe solution of dextiose Several 
calcmmdextrosates aie desciibcd containing 
varying proportions of dextrose, lime, and 
water, Dextrose is not precipitated with load 
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ciceiato, but basic lead salts aic obtained in 
prt'senco of ainmotiia. 

The methylglucosides. TJieso aio of impoit- 
ancc, as types butli of glucosides gcucially, and 
of the two isoineiic senes of dextrose deriv.i- 
tivcs, Tliey aio legaided as steieoisonieuc 
7 -oxides, and lia\e the lollowing stiuctuial 
foiimiLe . — 


011 ,0— Cll 


lie— OCllj 
IICOH 

1 o 

llOClf / 


ilCOll II(!OH 

1 I 

('H,OH (dUOlI 

a-Methylglucobide /i-Metli>IgIiRoM(le 

a-Methylglueoside ciystallises in long lui'dhs, 
m |) 1()5^ > ^-iiiethylghieoside foinis 

leftangulai piisnis, nip lOl"^ [ajj^ -33“ 

Th('y aie hycholyscd by waim mineral acids 
to nietliyl alcohol and dextioso, the /8-isomeiide 
being attacked 1 8 times as lapidly as the 
a-isomendo. Each glucoside letj lines its own 
paiticular in/ymo to hydrolyse it a-Methyl- 
glucoside IS hydrolysed by maltase alone , 
yS-methylglucoside only by cmulsm They aie 
used as test matcnals in studying enzyme 
action 

'fhe isomeiides are both formid wlien 
dextioso IS heated with methyl alcohol conbiming 
hydiogen t blonde. 

To obtain n-methylglucoside, 1 pait of 
dcxtiose IS heated with 4 parts methyl aleohol 
contaming 0 25 pe hydiogen ehloiide, foi 50 
houis in an autoclave The solution d( ])osits 
ciystals oi the glucoside on evaporation, and 
the mothei iupiors, aftei" luithei lieating, give 
a second and thud ( i yst.ilhsation, as the 
isomende present is eonveited into the a- by 
the acid. A yield of 80 [> e or moie is obtained 
To obtain jS-methylglmsiside, solid anhyijious 
glucose 18 dissolved m methyl alcohol, neaily 
satuiatcd with diy hydiogen chloride, at loom 
tempeiature As soon as etheidication is 
com plete, as w itnessc d by the absemee of leduc mg 
powei, the solution is neutialisi d and eva})oiatcd, 
and a mixtuio of a- and /^-I'^omciidcs obtained 
in about ocpial quantities The a- is jiaitly 
separated by crystallisation from stiong alcoliol 
riic residue is dissolved m water, and leimcmted 
by a pure c ulture yi^ast The ri-methylglm oside 
is hydiolysed, and the dextrose fermented , the 
j8-methylglucoside remains untouched, and is 
recoyered and pm died 

In adchtion to the crystalline a- and 
mcthylglucosidcs obtained m the leaction 
between a-glucose and methyl alcohol containing 
1 p c HCl, a considerable amount of syrup is 
formed which after distillation in a vacuum 
18 an oil, C 7 H 14 O 6 , bp 200°-215°/0 2 mm , 
[a]j^ —4°. It 18 named y-mcthylglucoside to 

differentiate it from the a- and fi-forms (E 
Fischer, Ber. 1914, 47, 1980) 

It IS stable to alkalis, Fehlmg’s solution 
or hot water, scarcely attacked by omulsin or 
by yeast extract at 37° C., but is hydrolysed to 


glucose and methyl alcohol by dilute acetic 
acid at 100“, or by ddute hydiochloiie acid at 
100° or 18° 

The other caibohydiates foim analogous 
methylglucosides, and similar c-omjiounds aie 
obtained with ethyl alcohol (For oilier artilieial 
glucosides, V Gmjc()Sij)j<:s) 

The methyl ileiivatives of the sugais have 
pioved of great impoitance m the elucidation 
of their structiue Fuidie and Irvine’s method 
of methylation is employed, consisting in dissolv- 
mg the sugai in methyl iodide and a little acetone 
and boihng the mixture with silver oxide By 
protecting some of the hydroxyl groiqis from 
methylation those icmammg may be methylated 
and the configuration thus established 

A very laige number of dextrose compounds 
liave been prepared, 111 some of winch the 
aldchydic hydioxyl is concerned, whilst others, 
p q the acetates, involve all five liydroxyls As 
alieady stated, in most cases two isomeiides 
derived fiom a- and ^-dextiose have been pie- 
paied. Few of these coiiipounds aie ii'ally 
chaia’c tensile of dextrose, and it must suflice 
in the space at disposal to indicate the piopcitics 
of some of them in tabular form. 


Compound 

Ai)peaiam 0 

IM p 

[«!o 

Pent a nitrate 

amoiidious 


1 <) 8 " 

a-Pentacctate 

colouiiess 
ncedh s 


+ 100 ° 

^J-Pentacctate 

gianulai 
( rvstals 


+ 3 ° 

a-Acetociiloio(k*\- 

long Mt'edt's 



trose 

/ 3 -Aceto( hloiodex- 
tiose 

stellate aggie- . 
gal i s 

73 "- 7 1 " 

+ 105 ° 

a-Acetobroinode\- 

pi isms 

70 °- 8 U“ 


trose 

fl- Aeetobi omodex- 

lustious needles 

88 °“ 8 <)“ 

1 198 ° 

trose 

a-Aeetoiiitrodex- 

needles • 

1 ) 2 “ 

1 1 5 ° 

tioso 

^-AcetollItrode\• 

Iroae 

lustrous ihombic 
laisiiiB 

T 149 ° 

Pentabeii/oate , 

, needles 

179 “ 


Moiiomethyl*a* 


101 “ 

8 108 ° 

1 dext rose 

1 Monoiuethyl-d- 


135 

+ 24 ° 

' dextrose 

ttfl-Dimethyl-rt- 


85 ^^ - 87 “ 

+ 82 ° 

, dextrose 

afl-Diinetliyl'/ 3 ' 


] 08 “- 110 ° 

-1 b° 

dextrose 

'rnmcthyldex- 

svrup 


+ 79 ^ 

troses 

syrui) • 


- 8 ° 

'J’etramethyi-f/' 


81 “ 

+ 101 ° 

dextrose 

' 'I’etramethyl-jS- 


8 JL“ 

+ 73 ° 

dextrose 

Poiitanicthvldex- 

stellate crystals 

42 “- 43 “ 

- 7 “ 

1 trose 

1 T>extiosf(*tbyl- 
1 mercaptal 

colourless matted 127 °- 128 ° 
needles 


' a-chloialobo 

1 

bumhes of 
needles 

186 ° 


' B-ehloralose 

fatty plates 

230 ° 


! Dextrose diacetonc needles 

J 07 °- 10 U° 


1 Dextiose ureide 

! 

rhombic plates 
and needles 

207 ° 


Semleaibazono 

needles . 

175 ° 


J’hioseniicarbazone rhombic plates 

204 ° 


, Anilide 

needles . 

147 ° 


' Oxime 

needles . 

137 ° 


a-Phenylhyda- 

needles . 

159 - 160 ° 

- 70 '’ 

zone 

/ 3 -Phenylhyda- 

needles . 

140 - 141 ° 

~ 5 ° 

zone 

21 -BromophenyI- 


164-160 


I hydrazone 

1 Methylpheiiylhy- 
1 drazone 
a-Amylphenylhy- 
1 drazone 

colourless plates 

130 ° 


light brown 
needles 

128 ° 


tt-Allylphenylhy- 
1 drazont 

light yellow 
needles 

155 ° 
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Compoiind 

Appoaranco 

Mp 

a-P(‘nz\ Iphenylhv- 

lislit yellow 


vlrazone 

needles 


Diphonylliydia- 

colourless 

IGl® 

zone 

obli(pie pi isms 


^-Naphthylhydi a- 

brown needles . 

orp 

zone 

Phenylosazonc 

aggiogates of 
yellow needles 

200 '’ 

/j-Bromophenyl- 

yellow needles 

222 '’ 

osazono 

Nitrophcnvlosa- 

reddish needles 

257'’ 

zone 

Doxtrosc-o-diaml- 

coloiuless 

— 

nobciizcno 

lustrous 

needles 


Dldoxtro^c-o-dia- 

slender colour- 

— 

fninobcn/cno 

less needt's 


Dextrose- 7 -di 1 iil- 

lustrous silver 

243° 

nobonzoic acid 

plates 



Since acetobromogliicosc la the starting, 
point for many other glucose deiivativcs its 
preparation is given in detail 200 grams 
powdered crystalline anhydrous glucose are 
heated on the water-bath with 100 grams of 
alcoholic sodium acetate and 1 litre of acetic 
anyhdride for 2\ hours 3'he product is poured 
into 4 litres of ice water, and the crude j3-penta- 
acetylglueoso is roc^ 5 ^stal 1 lsed from 9() pc 
aleoliol after freeing it from acetio anhydride 
by water (yield 74 p c ). 

150 grams of the penta-acotate arc treated 
with th(' commercial solution of hydrobromic 
acid in glacial acetic acid (300 grams) for 2 hours 
at culinary tempeiaturcs,’ 000 ce chloroform 
added and the whole poured into 2 liti'cs of icc 
water The ehlorofoim layer is separated, and 
the rest shaken with 1 50 c c chloroform ; the 
united chloroform e's:tracts are washed with 
1 litre of water, dried over calcium chloride, 
concentrated in a vacuum, and the residue 
gradually treated with light petroleum The 
resulting crystals are rapidly recrystallised fiom 
75 c c amyl alcohol, washed with light petro- 
leum and stored m a vacuum desiccator over 
soda-lime {See E Fischer, Ber 1910, 40, 584 ) 

The reduction of acetobromoglucose with 
zinc-dust and ai ctu acid yields the acetyl dcriva- 
tive of glucal, 

CH2(0H) CII CH^ CH(OH)‘C-=OH(OH) 
1-^-0 ! 

a soluble viscid syrup, b p 170°-18070 2 mm 
(Uucal can bo further reduced by hydrogen and 
palladium to hi/droglnenl, 

Cn^iOll) CH OH3 CH(OH) OH CH2(OH) 

I o — 

which melts at 80°~87^, tastes slightly sweet, and 
has 10°. 

d-Oluco^amine (Chitosamino) or amino- 
dextrose has the formula 

CH2(0H) rCH(OH)]3*GIINIl2 CIIO 

It IS obtained by boiling the shells of lobsters^ 
particularly the claws, with concentrated hydio- 
ehlono acid, when the hydrochloride results. 
The shells of lobsters consist of carbonate of 
lime and chitin Chitm is a constituent of 
various invertebrate skeletal structures, and of 
the coll walls of fungi; it is considered by 
Irvine to contain acetylamino- dextrose and 
ammo -dextrose residues in the proportion of 
3 to 1 ( 03 oH 6 oOi 9 N 4 )n. It is prepared from 
the hydiochloride by decomposing it with 
VoL. II — T. 


I dicthylammc (Breuer, Bor 1808, 31, 2193) or 
I sodium mcthoxulc (Lobiy dc Bruyii, ibtd 1808. 
I 31, 247b) Fischer and Lcuchs (Her 1003, 3(), 
24) effected the synthesis by the combination of 
d-arabmose and ammonium cyanide to r/-gluco- 
samimc acid, the lactone of which was icduccd 
to ^/-glucosamine Glucosamine forms a colour- 
less crystalline powdci, or long needles ; m p. 
115° [al^^4-48° The aqueous solution icacts 

alkaline, but is stable It is not fermentable 
Th(‘ pcntaectato exists in two foims, needles, 
m p 183 5° and 133° respectively ; the former is 
optically inactive, the latter has 80 5°. 

The oxime forms prisms, m p 127° Two 
mollifications of the hydiochloridc are known * 
glistening monoclmic crystals 100°, 

falling to -}~72 5° on standing, and hexagonal 
needles constant at 72 5° 

It cannot be converted into dextrose 
directly, though it gives dextioso phenylosazono 
when heated with plienylhydiazine Irvmo and 
llynd (Ghem Soc Tians 1912, 101, 1128) have 
conveited it into aminomcthyl glucosiile, and 
this by the action of baryta into methylglucosido 
and ultimately to (/-glucose When mcthyl- 
glucosamino is treated with sodium nitrite a 
mannose derivative is obt.iined almost ipiantita- 
tively Probably a Walden inversion takc's 
place ( 9CC Ghem 8oe Trans 1914, 105, (>08) By 
the action of nitrous acid, a compound, CgHioD-,, 
is formed, which was at one time regaided as a 
carbohydrate, and termed ehitose, but was 
, shown by Pisehcr and Andreae (Bor 30, 2587) to 
I be a hvdrated furfuiane derivative 


CII(OH) GH(GHO) 
(!H(OII) CH(f!ir20H) 


o 


Ghitose forms an oxime .ind phonylhydra/ono 
and is oxidised by bromine to chitonic acid 
Glucosamine was formeily regarded as a deriva- 
tive of chitose, and termed ehitosamine 

All isomende of glucosamine is ^‘.oglucosa- 
mifio GH2(0H) fCH (OH)]vG() GHg NIl^, which 
Fischer obtained by reducing phenylglucosazone 
with zme-dust, and whuh is conveited by the 
action of nitrous acid into Lcvulo&c 

The glucosimines were formerly believed to 
be imino compounds, but Irvine, Thomson and 
Garrett (Ghem 8oe Trans 1013, 103, 238) 
suggest that they are ammo -glu cosides. Leveno 
(J Jiiol. Ghem 19 lb, 24, 50) shows that the 
nitrogen content of glucosimine, galactosimine, 
xylosimine, and lyxosimine as given by ( 1 ) 
Kieldahl’s method, and ( 11 ) by van Slyke’s 
nitrous acid method indicates the presence of a 
primary amino group. 

Chondrosamine (Levene, J Biol Ghem 1016, 
2b, 143) gives galactosazone, and is therefore 
probably a lyxohexosaminc 

By condensing bromotriacetylglucosamme 
Vith hydroxy compounds m the presence of a 
base such as morphmc, acotylated amino 
glucosides are obtained. The compounds formed 
are of two types : stable N-cyclic compounds and 
normal glucosides, such as a-aminohelicm and 
a-aminosalicm (Irvine and Hynd, Ghem. Soc. 
Trans 1013, 103, 41). 

A new glucosamine derivative, lycojperdin 
CisHgiOgNa, has been isolated from the fungus 

D 
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Lycoprrdum ycmmatum (Kotakc and Sera, 
Zeitsoh physiol Chem 101.3, 88, 56) 

Manufacture of commercial dextrose — % e. 
dextro-ijlucosCf glucose, saccharvn\, saccharine, 
&c — Those products, varying much in character 
and composition, are all prepaicd by the action 
of acids on starch or starchy substances, such 
as nee, maize, &c., and when these latter are the 
raw material, it has been proposed to employ the 
(iombined action of diastase and acids When 
starch is acted upon by dilute acids, it is dis- 
solved, dextrms and maltose being produced 
These bodies, by the further action of the acid, 
yield dextrose ; this itself does not resist the 
action of acids, so that during the piocess of 
conversion, a portion of it is attacked, ^\ith the 
production of substances impel fectly studied 
\v Isomaltose) 

The phases of the action of dilute acids on 
staich are easily followed. After heating lias 
been continued for a sliort time, a portion of the 
solution cooled ceas(‘S to give a blue colouiation 
with iodine , this indicates absence of starch , in 
the place of this a reddish-brown colouration is 
produced, this incbcates the presence of a-dex- 
trin After a time this disappcais, and at length 
the solution cisises to give a precipitate, when to 
a portion ot it twice its bulk of alcohol (sp gi 
0 820) IS added, or when to a portion from which 
the sulphuric acid has bemi separated by baryta- 
amrnoniacal lea<l acetate is added This estab- 
lishes the absenre, not of maltose, but only of 
dextrin For syrup the boiling is stopped as 
soon as the iodine tost gives a port-wine colour ; 
for soUd dextrose it is continued till alcohol 
causes no precipitate The processes involve 
in the manufacture may bo conveniently 
ai ranged as follows — 

{a) The conversion 
{})) The neutralisation 
(c) The filtration 
{d) The decolounsation. 

( ) The concentration 
{ / ) The purification. 

(a) The conversion — In this country the 
materials chiefly erniiloyed in the manufacture 
of commercial dextrose are sago, maize, and nee 
starch, finely ground nee itself, as well as granu- 
lated maize and rice being at times used Potato 
starch is also used in Germany In America 
green -maize starch is the chief material , hence 
the term ‘ corn sugar ’ The acid usually em- 
ployed m Europe is sulphuric ; hydrochlonc acid 
is generally used in America , and nitno acid as 
well as a mixture of nitric and sulphuric acids 
hay© been recommended The use of sulphurous 
and orthophosphoric acids has also been 
advocated The proportions of material, water, 
and acid generally employed in the case of 
sulphuric acid are 100 • 250 • 6, and when green 
starch, te. undried purified starch, is used, IJ 
parts are taken instead of 1 part dry starch. 
When pressure converters are used, the acid can 
bo reduced to 0‘5 p c. 

Formerly open converters made of wood, 
lined with lead and provided with steam coils 
of lead and stirring gear, were used, but those 
arc now abandoned nearly everywhere for closed 
converters These are made of cast iron, 
copper, or gun metal, and are worked at a 
pressure of 30 lbs of steam. 


, The operations involved in the manufacture, 
' whatever converter is used, are as follows : 

Half the sulphuric acid is mixed with half the 
I water in a separate vat constructed as the con- 
1 verter, with or without coil, and at such a 
temperature that the heat of the dilute acid 
will be less than the gclatmisirg point of the 
' starch of the material employed. This vat is 
furnished with stirring gear, and placed under a 
hoppei, in which is stored the starch or starchy 
I substance When the dilute acid is .it the light 
' temperature, tbe material is allowed to flow into 
it, the stirring gear being kept in motion ; a 
; milk of starch m dilute acid is thus obtained 
Meanwhile the lemainmg half of the acid and 
I water are introduced into the conveiter, and 
, heated to boiling, then the starch milk is run 
j in at such a rate that the tempeiature does not 
I fall far below boiling, and the introduction should 
1 bo effected as rapidly as possible 
! The time requiriMl for (conversion depends on 
I the rate of mtioduction of the starch milk, and 
[ on the pressure employed, &c. For corn 
syrup an average time from the commencement 
of the starch mtioduction to the discharge is 
a little ovei an hour, for solid sug.ii .ibout It 
houis IS lequired When converted, the liquid 
IS blown into the neutralising vats 

{h) The neutralisation — Fmely-giound chalk 
13 used to neutr.diso the acid employed in the 
conversion The chalk is converted into a milk 
with water, and gradually mtioduced into the 
converted liquid About 12 lbs of powdered 
chalk are taken for every 10 lbs sulphuric acid 
employed ; this is more than the theoretical 
quantity, but it is found to answer in practice, 
owing, no doubt, to the msolubihty of a portion 
of the chalk The neutialised liquid is kept 
stirred for some time, and is then allowed to 
rest It IS found best to allow it to cool and 
settle gradually, and then draw off the eleai 
portion , but where vat room is a consideration, 
the neutralised liquid is run immediately to the 
filter presses {v Filtration) 

(c) (f/) The clear filtered solution is passed 
through bone-char filters of the same construction 
as those described under Sugar Sulphuious 
acid 18 sometimes used in bleaching the product. 

(e) Concentration — This operation is effected 
in vacuum pans (? Sugar), and is considered 
complete when the syrup contains about 82 p c 
solid matter, i e reaches a sji gr of 1 50 It is 
then run into moulds, u«>ually cone-shaped 
vessels, in which, on standing and cooling, it 
solidifies after a shoit time This is hastened 
by th(5 introduction of some previously solidified 
sugar The solidified mass extracted from the 
mould by a short immersion in hot water is 
broken into irregular lumps, in which lorm it 
appears m the market The colour of the com- 
mercial parcels vanes from pure white to dark- 
brown , this depends on the character of the 
material employed (the purity and variety of 
the starch), on the mode of conversion, and 
the extent to which the decolourisation was 
earned The composition is also very "^variable, 
but the constituents in all are the same, viz. 
dextrose, maltose, dextrin, unfeimentable organic 
bodies, and ash Very few samples “contain 
dextrin, some few maltose, '^and HheTpropor- 
tion of unfermentable bodies varies very much, 
being simotimes as high as 15 p.o. Tne syrups, 
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which arc used m confectionery, contain a laigc 
percentage ol d(‘xtnri and maltose 

Tn the United States the conveision is earned 
out by stilling the green corn starch, made in 
the same factory, with a large body of water, 
and subjecting this mixtuio to a high heat 
under pressure, the process being a hydrolytic 
one A small amount of pine hydrochloiic acid 
IS added to facilitate the catalytic action The 
conversion is pi^i formed m laige vessels b feet 
in diameter, and about 20 feet high, made of 
hammered copper I inch m thickness. 

After the requited conveision, the traces of 
acid are neutralised with soda ash, the mixtuie 
being left veiy slightly a(“id to litmus, and excess 
of alkali being viuy caiefullv avoided, as the 
least ti.ice eolouis the lupiid Tn the case of 
glucose syiiip, conversion is complete in less 
than 10 minutes; conveision into anhydious 
dextrose takes considerably longoi The (Oli- 
ver tod starch, now an almost white liqiioi, is iiin 
fiom the ncutialisers thioiigh Idtiu jii losses, to 
rimiovo the dissolvtd gluten, &c , which is 
piecipitated during neutialismg, and then 
thiough an evaporator, winch Kaluces the 
gravity to 30° B Tt is then lun sik c ( ssively 

over thiee bone-chai filti'i'^, each 10 feet in 

diameter and 24 feet high, and containing 
70,000 lbs of boiK'-chai each The lupiois 
icceive a much greater amount of bone-char 
treatment than is the < ustom in sugar icrmciies, 
passing, in all, ovci 72 feet 4iie remaining 
traces of acid are completc'ly neutralised, and 
the liquid has a biilliant crystal-white appear - 
.iTice The boiic-char is revivified after each 

bath The lupior is concentrated in vacuum 

pans to the required density 42®— 15® B , and 
crystallises on cooling (A full account of the 
American mdiistiy of corn pro<hi(*ts is given by 
Wagner (J Soc (limn Tnd 1000,28,343)) 

Tlie average composition of these products, 
according to the older analyses, is as follows — 


— 

Cora 

syrup 

7 (I sugn 

89 sugar 

Aa- 

hvilrous 

sugar 




P( 

' P c 

Pc 

P c 

Water 

19 0 

197 

11 2! 

40 

Ik'xtroso . 

38 5 

70 2 

79 9] 

94 6 

Dextrin . 

42 0 

9 3 

180 

07 

Ash 

0 5 

1 08 

1 

09 

07 

1 


The ash consists principally of chloiides 
Wesener and Teller (J Tnd Rug Chem 1910, 8, 
1009) give the following analysis as representing 
the modern product — 


Water 
Pioteiiis 
Mineral matter 
Glucose 
Maltose 


15-20 p c 
about 0 00 p c 
Traces 
12-17 p c. 
10-23 p c. 


and Dextrixi (or dextnns) not fermented by 1 
yeast, but made fermentable by pan 
croatin, takadiastase, c^c. 


From which it appears that the proportion 
of maltose present generally exceeds that of 
dextrose. In the older analyses all the reducing 
sugar was n^gaided as dextrose 

(/) Purification , — Behr (Eng. Pat. 9797, 


1884; 1707, 1885) manufactures pure com- 

meicial tiystalhne anhydious dextrose by adding 
crystals of dextrose to a solution eoncontratccl 
to 85 p c , and allowmg the mixture to stand at 
about 35®. After a short time an abundant 
crop of ciystals separates, and treatment m a 
centrifugal machine, the uncrystalhscd syrup is 
removed {v Sugar) 

Tn the oldei process of Soxhlot, the concen 
tiatcd svrup was dissolved in about an equal 
weight of boding imdliyl alcohol, and allowed to 
stand The crystals weie drained, and the 
loaves wa, slu'd with methyl alcohol, which was 
recoveied fiom the loavc's and mother liquors by 
distillation m a vacuum 

Dextrose from Cellulose — Cellulose is disinte- 
giatcd by boiling with acids only with gieat 
dilliculty, and at high tempeiatures, with the 
formation ot dextrose, and the process cannot 
compete mdnstiially with the preparation fiom 
starch Numerous attempts have been made 
to obtain dextrose fiom wuiod ci'llulose, with 
the industrial objective of the maniifactuie of 
alcohol 

>Simonscn (Zeitsch angew Clicrn 1898, 195, 
219, 9()2, 1007) found tlie most favourable 
conditions for the conversion of 40 grams of 
cellulose to be a digestion for 2 hours at 0-8 
.itmospheres, with 1000 c c. of 0 5 p c. sulphuiic 
acid 45 pc of reduemg sugar was obtained, 
but, accoiding to Korner {ibid 1908, 2353), this 
IS not all feirncntable dextrose. 

Ekstiom (Fi Pat 380358, July 29, 1907) 
treats sawdust with 95 p c sulphuiic acid at tlio 
ordinary tempeiature foi 20 mmutc's, dilutes to 
I p c free aeiii, and heats from 1 to 5 hours under 
a piessnro of 3-8 atmosphcies , 55-57 p e. con- 
version IS claimed 

Rw('n and Tomlinson (U vS Pat. 938308, 
Get. 2(>, 1909) heat sawdust with a nunimurn of 
5 pe acid to a temperature between 135® and 
102°. Tlu'- use of 2-6 pc. hydrofluoric acid 
has also been suggested (Oi low ski, Fr. Pat. 
405187, July 17, 1909) 

J-Mannose GeH 12G6 occurs m nature in the 
form of anhydride-hko condensation products, 
known as mannosans It is best picpared from 
the vegetable ivoiy nut {steinnusf) which is used 
HI Beilin and elsewhere for the manufacture of 
buttons and collar studs. The w'aste turnings 
aie hydiolyscd to mannose by boiling for 6 hours 
with 2 paits of hydiochlonc acid It W'as origin- 
ally obtained by Fi&chei and Hiischbcigci by 
oxidising mannitol with nitric acid. Mannose is 
eliaiae tensed by foimiiig an msolublo yellow 
phony Ihydiazone, m p. 1 86° -188®, and use is 
made of this compound m isolating it from 
solution The hydrazone is subsccpiently decom- 
posed with benzaldehydc, or better, formalde- 
hyde, and the resulting solution concentrated 
in vacu6 till the sugar crystallises It may even 
be isolated m the solid form without the inter- 
mediate formation of the phenyl hydrazone 
(Hudson and Sawyer, J Amer Chem Soc. 1917, 
39, 470) 

Mannose separates in colourless rhombic 
crystals [a:6;c=0319; 1 *0 826] of sweet 
taste, m p. 132°; sp gr. 1*539 100 c c of the 

saturated aqueous solution at 17*5° contain 
24 8 grams , m absolute alcohol it is almost 
insoluble It shows muta-rotation, the equi- 
librium value being [a]-|-14*6°. The a-form has 
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[a]j^+34 0^ and the j9-form (Hudson 

and Dale, J Amer Chem Soc 1917,39,320) 

It IS very similar to dextrose in all its proper- 
ties, yielding the same phenylosazone It is 
fermented by {^1 yeasts wliieh attack dextrose 
and Le villose Biomine oxidises it to mannome 
acid , sodium amalgam reduces it to mannitol. 

a-Mothyl mannoside had mp 190°, [o]^^d-80° 
The oxime ciystallises in colourless needles, 
mp 107°-180° Like the plu'nylhj'drazone, the 
substituted hydrazones aic all sparingly soluble 

(laroubmose, a carbohydiate isolated from 
the seeds of the carob bean, is identical with 
mannose. 

d-Galactose Call^gOfl Milk sugar, when 
hydrolysis! by means of adds oi enzymes, 
yields d(‘\trose and galactose in e((ual piopoi- 
tions On a common lal scale, sul]»hunc acid is 
used to eflect hydrolysis under pressure at 
10.")°, after which the solution is neutiahsed and 
concentrated until an amount which lonlained 
.WO grams of milk sugar weighs 040 grams The 
syi up IS set aside with a fiwv ciystals of galactose, 
and, after some days, the ciystalhne mass is 
washed with 80 p c alcohol, and the galactose 
puiilied by reirystallisation fiom acpieous 
alcohol Even the very best commercial galac- 
tose contains minute quantities of d(‘\tioso; 
to remove this it must bo treated with a pure 
culture of some yeast, such as Lydwuiii, 
which fciments dextrose, but not galactose 

Calactose is a constituent of raflinose and 
stachyose, and is widely distiibuted m the jioly- 
miiK form, galactan, paiticulaily in gums and 
seaweeds It occurs m a few glucosidcs It is 
a colouiless crystalline powder, ElllgO, mp 
118°- 120° (from water), anhydrous mp Ib.5° 
(from alcohol), less soluble than dextrose, and 
has the same geneial properties as dextrose 
The most characteristic behaviour is the 
formation of mucic acid on oxidation with 
nitiic acid. 

Clalactose exhibits muta-rotation ; the a- 
isomeride has the j3- modification 

-|-52°. The equilibrium value is [aj^H-80 6°. 

The influence of concentration and temperature 
on this value is expressed by the equation 
[alo-- 83*883+0 0785^-0 209« 
where p and t denote concentration and tem- 
perature lespectively 

Galactose derivatives are prepared similarly 
to the corresponding dextrose compounds The 
n-pentanitrate (Will and Lenze, Bei. 31, 08) 
forms needles, mp ; the /8-isomende 

has m p. 7 2° -73° ; the iS-pentacetate has 
m p 142° , a-methylgalactoside has m p 

111°-112°, [a]^®+179 3°, and crystalluses m 
transparent doubly refractive needles ; the 
^S-isomcride forms needles, m p 17.3°-I7fi°, 
[a]^^+2 G° ; the phenylhydrazono has m p 

158°, the phenylosazone when quickly heated 
melts at 193° -191°. 

Galactose penta-acetate has been isolated in 
four forms : — 

(i) m p. 142°, [aljj+25° (in chloroform), +8° (m 
benzene) ; 

(i’) m p. 95*6°, [alj^+107° (in chloroform) ; 


(ill) m p 98°, [a]^— 42° (in chloroform) ; 

(iv) m.p. 87°, raj,^+61°. 

(Hudson and Parker, J Amer Chem. Soc 1915, 
37, 1589, 1591 ; Hudson and Johnson, ibtd, 
1910, 38, 1223). 

Some yeasts ferment galactose, but not all 
those which ferment dextiose and l.evulose It 
IS apparently possible to grow a yeast in presence 
of galacto.se and dextrose, until it acquires the 
power of fermenting galactose. Galactose is 
identical with the sugar ceiebose, isolated fiom 
the biain by Thudichum, where it is a constituent 
of the ceiebor sides, phrenosin Cviid kera.sm 

Lcevulose or tZ-Ftuctose is a keto- 

liexose or ketose sugai It is found together 
with de\tro.so m honey and in many fruits, and, 
combined with dextiose, it occurs in suciose, 
laflinose, stachyose, Iniilin, found in 

dahlia tubers is completely conveited into 
fructo.s<‘ on hydiolysis It has not so far 
been produced by tlie hydrolysis of any glu- 
co.side 

It is teimed J-fiuctose, in s])ite of the hevo- 
rotation, to indicate that it belongs to the 
iZ-mannitol series 

After prolonged heating at 1 (),5°~17()°, cane 
sugar becomes converted into a mixture of 
bevulo.san (('ellioGr,) and dextrose, without 
change of weight On feimentmg the aipicous 
solution of the mass with yeast, the dextiose is 
decomposed, while the hevulosan lemains un- 
changed, and may aftcuwaids be c*on veiled into 
hevulose by treatment with dilute acids 

Prcpauiiioi} — It is best prepared fiom inulin 
100 grams of iniilm with 1 pc ash are heated 
with 250 c c water and 0 5 gram hydrochloric 
acid for half an hour in a boiling water-bath, 
neutrali.sed with 1 5 giams sodium carbonate 
evaporatcsl on the watc^r-bath at 00°, and fin.illy 
over sulphuric acid in vacu6 to a thick syiup 
This IS extracted with absolute alcohol, put a.siclo 
foi 24 houis, the solution poured off clear, and 
inoculated. Goinplete ciystalhsation of the 
hevulose is obtained in 3 clays, and it is quite 
pure after one more crystallisation 

Inulin may also bo hydrolysed with 0 5 
vol p c. oxalic acid. 

(For the preparation from Jerusalem arti- 
chokes, .see U S Pat 789122, Feb 18, 1908 ) 

To obtain Iccvuloso fiom suciose, the latter is 
first inverted by means of mineral acids or mver- 
tase, and the acid removed by neutralisation 
with baiyt.x or silver oxide The invert sugar 
resulting contains both dc'xtrose and hevulose, 
which may be separated as follows • 0 grams of 
finely powdered slaked lime is added to every 
100 e c. of a neutral ice-cold 10 p e solution of 
invert sugar, and the solution, which at first 
sight is merely milky, is agitated, the vessel 
being preferably immersed m ice-cold water until 
it acquires a creamy consistency. The mass, 
which consists of the difficultly soluble calcium 
hevulosate GaO G6 ^Ii 2 ^g H 2D, together with the 
easily soluble calcium dextrosate, is filtered 
through linen, and strongly pressed to remove 
the greater part of the liquid, and is suspended 
in water and decomposed by addition of oxalic 
acid or by passage of carbonic acid gas. The 
filtered solution is evaporated in vacv6 over 
sulphuric acid, with production of anhydrous 
Iccviilose. Calcium la'vulosate dissolves in 137 
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parts of water at 15°, and is almost insoluble 
atO°. 

Ldevulose, when pure, ciybtallises from 
alcohol, and oven fioin a<j[ueous solution, in 
needles, also in crusts of transparent prisms, 
which aie not hygroscopic It has m p 
95°, 1 ()()9 It sublimes unchanged but 

very slowly at 100°/l-2 mm ((ihosh, J C 8 
Abstr 1917, 112, (i ) 80) It is very soluble in 
water, almost insoluble in cold absolute alcohol. 
It is much sweeter than dcxtiose, and somewhat 
sweeter than sucrose It exhibits muta-rotation, 
and, no doubt, exists in solution as an equili- 
biatcd mixture of stereoisomei ic 7 -o\ide foims, 

The initial rotation —104° falls to 

-'d 

-92° (Paikus and Tollcns, Annalcn, 257. 

100) The specific rotatoiy power is very con- 
siderably influenced by changes of tempeiaturo 
and conccntiation, which cause an alteration in 
the piopoitions ot tlic isomeiidcs m the equili- 
biiuin mixtuie The rotatoiy powci usually 

taken is -It falls 0 0385° foi 

each degico eentigiade of mcicase m tcmpeia- 
ture, and at 87 3° is cipial but opposite to that | 
of dcxtiose This propiaty is taken advantage 
of m delci mining its piopoition in piesencc of 
othei sug.iis, tile rotation being obseivcd at two 
chfferent temperatures 

Accoidmg to >Soxhl(‘t, the relative reducing 
powers of Levuloso and d(‘xtiosi‘ on Fehling’s 
solution, in 1 p.c. solution, aic 475 513 , but 
Allihii hnds that if the solutions be boiled for | 
30 minutes (mstead of for 2 minutes, as in | 
yoxhlct’s expciiments), their leducmg powcis ' 
are identical On Knapp’s meicuiial solution I 
their action is the same, but on »Sachsse’s mci- ' 
curial solution then actions are 100 (bcvulose) 
and 148 (> lospectively 

Oxidation conveits kevulosc into acids with 
fewer caibon atoms, glycollic and tiihydroxy- 
butyiic. On loduction with sodium amalgam, 
mannitol and soibitol aio formed. Acids attack 
it fai moie KMdily than dextrose with the pro- 
duction of laivulic and foiinic acids , alkalis some- 
what less icadily Heating concentiated solutions 
with oxalic aci(l foims 4-hydio\ymcthylfuifuiol, 
whilst it interacts with hydiogen bromide in 
ethereal solution, foimmg 4-biomomcthylfur- 
CH . ClCIlaBr). 

furol I ^O (b'enton and (lostlmg, 

OH : 0(C!H()) 

Chem 8oc Tians 1899,75, 123 , 1901,79, 301) 

It IS f Cl men ted by all yeasts which attack 
dextrose. 

By the action of methyl alcohol and hydiogen 
chloride (0 5 pc) at 35°, a syruxi is obtained 
which piobably lexiresents a mixtuie of methyl 
fructosides. It is jiaitially hydiolysed by yeast 
extract 

Fructose diacctono Oj 2 ll 2 o^ 6 > prcxiared in a 
similar manner from a( etone, forms needles, 
mil 11 9° -120° [aJjj — 161°. An isomeride has 
m p 

The osazones of kevulose are identical with 
those of dcxtiose. Lccvulose is more easily 
oxidised by disubstituted iihenylhydiazines, and 
forms a characteristic osazono with rncthyl- 
Xihenylhvdrazine, long yellow needles, m j). 
158°-160°. 


To prexiare this, 4 grams of mcthylxihcnyl- 
hydrazme aie added to 1 8 grams hevulose, in 
10 c.c. water, and enough alcohol to make a 
clear solution fuither 2 c c. of acetic acid are 
added, and the mixtuie heated 5 -10 minutes at 
most on the uatt'r-bath it is then covered and 
allowed to stand Within 2 houis icd crystals 
aio obtained, which may be leciystallised 
from 10 p c alcohol. 

Fructose penta-acetale melts, when jiure, at 
108°-109°, has —121°, and crystallises in 

biilliant colouiless needles, 1 cm. in length 
' (Hudson and Brauns, J Amcr Chem. Boc 
' 1915, 37, 1283) 

Sorbose (Soibmose) OoHigOd is the keto- 
hexose obtained from the jiiici* of the mountam- 
ash beriies, which has been exxioscd to the an 
and allowed to fmment The juice contains 
sorbitol , this is oxidised by bdcterium xyliuum 
to SOI hose 

’rile juices aio evaporated to 1*05 sp gr , 
allowed to stand some d.iys till the sugai is 
feimcntcd, and the cle.ii liquid x^oured into Hat 
dishes and inoculated with an activi' cultuio of 
li-xylinum (Bertiand, Ann Chim Phys 1901, 
[vm 1 3, 181) This is left at 30° till the reduc- 
tion 13 a maximum, elarihcd with lead acetate, 
excess of lead x)recix>itated as sulxihate, and the 
neutral iiltrato concentiated lu vacuo When 
puio sorbitol is available, 100 giams aic dis- 
solved m 500 c.c. water, some nutiient solution 
for the bacteiium added, and the feimeiitation 
cairicd out as above 

8orbosc forms ihombu^ crystals of a sweet 
taste, mp 151° , it leduces lAHilmg’s solution, 
and generally behaves as l.evulosc, but yields 
soibitol on reduction It is not feimentablc by 
yeasts It is hcvo-iotatoiy, having [a]y-12° 

8orbosc jihenylosazonc is similar to the 
dcxti ose coinxiound, but has m xi 1 64° . 

The |)rox)citics aic in agi cement with the 
structuial foi inula 

110 11 OH 

OH ,011 COO-C-C-OH^OH 
H OH 11 

Methyl soibmosulo (lystalhscs m trans- 
Xiaient thick x>latcs, m x> 120°-122° (Fischer, Ber. 
28, 1159) 

He PTOSES. 

d-Mannoketoheptose Occurs m the A vocad o 
Xiear {Posia (jnili'iSDua) (La Forge, J Biol. 
Chem 1917, 28, 511) It has mp 152°, 
[aJ^^-|-29°. It IS not fermented by yeast, and 

docs not show mutarotation It gives a colour 
icaction with oicinol and hydiochloiic acid like 
other hexitoses The ly-hromophenylhydrazone 
melts at 179°, the pheuylo^azone is identical 
with that from d-mannoaldoheptosc 

On leduction the sugar yields d-persitol and 
d-mannoheplilol 

Since the p-brornophenylhydra/one of d-a- 
mannoaldoheptosc melts at 207°-208°, and that 
of d-^-mannoaldohex)toso is an oil, the con- 
figuiation of the sugar must bo : — 

11 II OH OH 

OH .(011)0 0 0 0 00 0112(011) 

OH OH H H 
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Perseulose {l.c.) is shown to bo l-galahepto^e : — 
H OH OH H 

CHjjCOH) CO C • C • C C CH2(0H) 
OH H H OH 

Sedoheptose Occurs m Sedum specUibih’ 
(La Forge and Hudson, J. Biol Chern 1917, 30, 
61) as a non-fermcntablc, reducing syrup 

Phenylosazoncy in p 197° ; p-hromophenyl- 
hgdrazoney m p 227°-228° ; the osoyie is a syiup, 
its o-pheriylenediamitie dertvaltve melts at 
163°-105“ 

Bromine water does not oxidise the sugai, 
but it reduces with sodium amalgam to two 
alcohols C 7 H ,607 — 

a-Sedohcptitol, m p 151°-152°, 2 25° , 

i8-8edoheptitol, m p 127°“128°, optically 
inactive 

The two alcohols aic separable by then 
bcn/-yhdeno derivatives 

Those reactions indicate that the sugar is a 
kctose 

Anhydrosedohe pto6C C7H,i08 is loimed when 
sedoheptose is heated with dilute acids It 
forms long wlnte piisms, meltim; at 155”, 
LaJ^-146“. It shows no nuitaiotation, docs 

not reduce Fehlmg’s solution, and, when boiled 
with dilute acid, gives an equilibiium mixtuic 
which contains 20 p c of sedoheptose 

Pentoses 

These aic widely disiiibuted in plants, wheie 
they aio present in the skeletal stiuctine, and 
do not, like the hexoses, stive as food pioducts 
Pentoses also appeal to bo a constitutnt of 
many of the tissues of tlie animal body, and are 
sometimes found in urine Both the natuial 
pentoses, /-arabinose and /-xylose, belong to the 
Icevo- senes Dcxtiose (r/fu/?o-glueosc), wIksi 
degraded by the metliods of Ruff or Wohl, gi\(‘s 
rise to the isomeric d-arabmose Howi‘\ei, the 
natuial pentoses aie closely i elated to the 
natural hexosi'S For ex.iinple, the space 
aiiangcment of the groups attached to the uppei 
four carbon atoms is the same in d-gliKosc as 
it IS in /-xylose 


(110 

(dIO 


HCOll 

neon 

Clio 

1 

HOOK 

HOCH 

1 

HOCH 

H(joH 

IKJOH 

nrou 

ClI^OH 

j 

H(T)H 

1 

HCOH 

Z-Xylose, 

j 

(ft! 2011 

(Z-Glucose 

(dl^OH 
d- Arabinose 


A similar lelationship exists betw(‘en galac 
tose and arabinose, which oeciu togethoi in 
many gums, whilst some ])olysac( haiidcs yield 
both xylose and glucose on hydiolysis The 
pentoses do not occur as such, but m the form 
of condensation piodutts of high molecular 
weight, termed ‘pentosans’ (aiaban or xylan) 
These are comparable witli the hexose condensa- 
tion products, staich and cellulose , as a rule, 
the pentosans contain both C- and Cg carbo- 
hydrates 

The mechanism of the formation of pentoses 


m the plant is not yet clear. Some authorities 
consider they are derived by oxidation fiom the 
hexoses , others advocate the view that they are 
diiectly formed m the cell, like the hexoses, but 
I independently of these 8 uch a transformation 
I as that fiom dextrose to /-xylose has not been 
effected in the laboiatory the chemical dcgiada- 
1 tion of dextiose by oxidation leads to d-arabmose. 

I The pentoses show all the general chemical 
jiropertics of the hexoses Biochemically, 

I they are diflerent, being not fei men table by 
I yeasts, whilst their glucosidic dciivatives (c q. 

the methyl aiabmosides and xylosides) aie not 
I hydtolysed by any of the bettei -known plant 
I enzymes. They are attacked by a numbei ot 
bacteiia Chaiacteiistic of the jientoscs is the 
formation of furfurol on distillation with hydio- 
, ehloiie acid They, thciefoie, show colour re- 
actions with oicinal and phloioglucmol. Equal 
paits of eonceiitiated hydioehloric acid and 
\vat(‘i aie taken, togethci WTth the ])entosc and a 
I Id tie otcinol oi phloroglucinol, and the mixtuie 
wanned m the watci-bath VVhtli oicinol the 
solution becomes icd, tben violet, and iinally 
blue OI bhi(‘-gieen, with the sepaiation of a 
I precipitate which dissolves m amyl alcohol, 

I giving a blue-gieen solution , this shows an 
, absoiptioii band bi'twecn C and D. \^'ith 
phloioglucmol the solution becomes cheriy-ied, 
and a piceipitate is formed, giving a red solution 
in amyl alcohol, with an absoiption band 
between D and L 

' /-Arabinose E 5 lln ,05 is olitamed by hydiolysis 
of most gums, j^^^^R^nlaily gum aiabic and 
I cluiry gum 

Ptepatalion — A solution of gum aiabic, oi 
allied gum (dextio-rotatoiy, and yielding little 
' miKic acid by the action of nitiu acid, by piefer- 
em (‘), containing 30-10 giams ot the gum, and 
2-3 c c bulphuiic acid in 100 c c , is boiled for 
, 7-12 minutes, cooled, the acid neutrahs(*d with 
call Him or baiium hydioxidc oi caibonate and 
ah ohol, sp gi 0 83 added as long as a piecipitate 
J IS piodueed This piecipitate soon settles, leav- 
1 mg the alcoholic solution clear On distilling oft 
! the alcohol and cvapoiatmg to a syiiqi, aiabiiiose 
I ciystallises out. The substance is obtained m 
I well-defined ihombic jirisms, with monodime 
' termination, by rccrystalhsing from water, 
j With some gums the digestion of tlu* acid solu- 
I (ion can be continued for 2 houis with mci cased 
I yield of ar.ibinose, and without impairing tho 
I jmrity of the ]iioduct. The ciystals are anhy- 
I (Irons , m p. 1 () 0 °. 

I Arabiimse has Mod- 101° to -1-105°, the 

activity imreasmg with the stiength of the 
solution, and deeieasing as tho tcmpeiatuio at 
which it IS obscived is raised 

It exhibits muta-iotation, a-aiabinose having 
the initial rotatory powei [a]D+175°, decreasing 
to -j-lOt® ) 8 -Aiabmose has not been isolated. 

I Accordingly, hko dextrose, it has a 7 -oxidic 
I structure. 

' The heat of combustion is 558 cals 
! Arabinose 1 (‘duces Fchling’s solution, the 

j amounts of copjiei oxide piodueed by equivalent 
weights of aiabmoso and dextiose being as 

I 111 : 100 

j Bromine oxidises it to /-arabonic acid 
(Jr,HjoOg, which crystallises as tho lactone 
I CjHgOg, m p. 05°-98°, [alu — 73 9°. Eitric acid 
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foims oxalic acid as the final product, but in 
dilute solution, firstly arabonic acid, and secondly 
^tnhydroxyglutaric acid, m p 127°, arc formed. 
On reduction, amongst other products, /-arabitol, 
m p 102°, 18 formed, which is optically inactive, 
but becomes loe^’^o-rotatory m presence of borax 

Arabmose forms an additive compound with 
hydrogen cyanide, which is hydrolysed to 
arabmose carboxylic acid This is, in reality, a 
mixture of two acids, of which the lactones on 
reduction give rise to /-glucose and /-mannose. 

The diphenylhydrazone, m p 218°, is 
almost msolublo The other hydrazones have 
the following melting-points : phenyl, 151° ; 
p-biomophenyl, 150°, a-mctliylphenyl, 101°, 
a-othylphenyi, 153° ; a-amylphcnyl, 120° , a- 
allylphenyl, 145°; a-benzoylphenyl, 170°, fi- 
naphthyl, 141° Arabmose plienylosazone, m p 
100°, IS prepaicd similarly to the dextrose lom- 
pound It IS sliglitly moie soluble, and, when 
boiled with bcnzaldchyde, arabmosone is formed. 
The p-bromoplienylosazone has ni p 100° 200° 

Arabmose forms crystallisable compounds 
with the aromatic diamines and chammo-acids 

/-Xylose is obtained by the hydrolysis of 
wood gum (xylan) extracted from wood by 
ddute soda solution 

According to Beitrand (Bull Soc chim [31 
5, 554), it may be obtained from wheat or oat 
straw by lust extracting the straw with tepid 
water, and then boiling it for scveial hours with 
dilute (1-2 p e ) sulphuric acid The liquoi, aftci 
removal of the sulphuric acid by baryta, is con- 
centrated on the water- bath and treated with 
alcohol ; this extracts the xylose, which forms 
a syruj) on evaporation of the alcohol, solidify- 
ing on the addition of a crystal of xylose The 
yield IS about 2 p c from wheat sti aw, and 4 p c 
from oat straw 

Another convenient source are oat hulls, 
winch arc cleaned by soaking m dilute ammonia, 
washed and hydrolysed with sulphuiic a(‘id 
Hudson and Harding (J Arner Chem Soc 
1917, 39, 1038) obtained a yield of 8-12 p c 
of xylose by direct acid hydrolysis of cotton- 
seed hulls A more suitable source is maize 
cobs (?(Ir/n 1918, 40, IGOl) Xylose crystallises 
in orthorhombic prisms, m p. 144°-145° or 
150°-154° It exhibits muta-rotation, a-xylose 
having [a]j^4-79°, falling to +19°, which is the 

rotation of the equilibrated mixture The heat 
of combustion is 501 cals Bromine oxidises 
it to xylonic acid, a syrup which is at first 
Levo-rotatory, but reaches [a]^-}-17 5°, as it is 

transformed into the lactone in solution It 
forms a very characteristic insoluble compound 
05H90^,CdBr, HgO with cadmium bromide Nitric 
acid in the cold forms an optically inactive 
trihydroxyglutaric acid 

On reduction, inactive xylitol, a syrup, is 
formed 

a-Methylxyloside has m p 90°-92°, [a]jj -j- 152, 
the jS-isomende has m p 150°-157°, Mj,— 05 9° 
With hydrogen cyanide two xylose carboxylic 
acids are formed, which yield /-gulose and /-idose 
on 1 eduction. 

The phenylhydrazone has m p. 110°; the 
/9-naphthylhydrazone, m p 70° , and the phenyl- 
osazone, m p 100° 

The methyl pentoses are pentose carbohy- 
drates, in which one of tho hydrogen atoms in 


the piimaiy alcohol group is leplaced by methyl 
They appear to bo widely distiibutcd, but their 
biochemical significance is not yet understood. 
They show the same reactions as the pentoses, 
and, hke these, are not fermented by yeasts. 
Characteristic is the foimation of methylfurfur- 
aldehydo on distillation with acids 

Rhamnose (Isodulntol) C8Hi206,H20, on 
account of its empirical formula, and the case 
I w'lth which it crystallised, was formerly classed 
I with dulcitol and mannitol, hence the origmal 
' name of t^odulcitol. Its chemical behaviour 
shows it to be a methyl pentose It appears to 
be widely distributed m nature in the form of 
glucobides, the best known of which are xantho- 
rhamnin, the colouring m.itter of Persian berries 
and queicitiiri Other glue osides containing 
rhamnose are baptism, tisetm, frarigulm, fustin, 
datiscm, gly cyphyllm, liesperidiii, naimgin, 
lutm, sophoim (e Glucostoes) 

It IS prepaicd by extracting Persian beirics 
with hot alcohol, distilling off the alcohol, and 
heating the xanthoihamnm on the water-bath 
for 2 hours, with 0 p e sulphuiic acid The 
j precipitated ihaiimetm is filtered, the filtrate 
neutralised with barium carbonate, and, after 
I removal of the barium sulphate, evapoiated to 
' a syrup This is diluted hot with absolute 
' alcohol, and the solution allowed to stand, when 
I it deposits haid lustious crystals of rhamnose 
1 About 15-20 grams are obtained per kilo of 
I berries 

j It is advantageously piepared fiom the 
I residues of the manufacture of quoiciiron 
' extract, when these are available 
, Khamnoso has the coristitutroual formula 
HG HO H H 

I I I I 

GH3G V. 0 GCHO 

I I I I 

H H HO HO 

Untrl recently the posrtrons of the groups 
attached to the carbon atom next to the (JH^ - 
group weic uncertain, but Pischer and Zach 
(Ber 1912, 45, 3701) have obtained c/-isoiham- 
nose by a senes of reactions from tnacetyl 
dibromoglucose, m which compound the two 
halogen atoms aro attached to the terminal 
carbon atoms of the sugar chain. 

The hydrate softens at 89° ; m p 92°-93 ° 
When anhydious, it crystallises fiom acetone in 
needles , m p 122°-12b° (Fischer), 108° (Tanrct) 
Like dextrose, it exists in a- and fi- modifications, 
which are m equilibrium m solution The a- 
torm has |a]^^— 17°; the i3- form [al^+31 5°, 
and the cquilibiated mixture has [rtJ^'[-9° It 

sublimes slowly and unchanged at 105°/l-2 mm 

Bromine oxidises it to rhamnomc acid , 
with mtrio acid it yields a mixture of forime, 
oxalic, and tnhydroxyglutaiic acids 
On reduction, the corresponding alcohol rhamni- 
tol IS formed 

The phenylhydrazone lias m p 159° ; methyl- 
phcnylhydrazone, m p 1 24° , cthylphcnyl- 
hydrazone, m p. 124° ; allylphenylhydrazone, 
m p, 135° , amylphcnylhydiazonc, ni p. 99° , 
diphenylhydrazone, m p 134° , benzylphcnyl- 
hydrazone, m.p 121° , i3-naphthylhydrazonc, 
mp 170°. Phamnose phenylosazono crystal- 
lises m slender yellow needles, shghtly soluble 
in boiling water ; m p. 190°- 192°. 
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Mcthylrhamnosido has m p. 108°-109°, 
[a]^ — 02° ; acetone rhamnosido, m p. l)0°-91°. 

Othci derivatives aie rhamnose cthylmercap- 
tal, m p 135°-! 37° ; rhamnose oxime, m p 127°- 
128°; rhamnose anilide, in p 118°. 

Fucose Colli 2O 5 

H H Oil 

CII 3 CH(01l)~C— C • C • CHO 

011011 H 

IS obtained by hydrolysing the jiolymer fucosan, 
which IS a com])oiient of the cell-wall of many 
maiino alga' It is also present in Facuf> 
vcsiculo.'^us^ ill lami liana and Cariagheen moss 
The seaweed is waslied with watei and dilute 
hydrochlone acid, and boiled for 12 hours with 
3 p e sulphuiic acid. The acid is neutialiscd 
with baryta, the liltiate conccntiated to a 
syrup, taken up with alcohol, coiieentiatcd 
again, and the sugar isolated as hydra/one 
Reduction with sodium amalgam gives d- 
fucitol (VotoiVk, 1913, 40, 3053), mp 153°- 
154°, which combines with ihodcitol to foim 
i-fucitol. 

Eueose crystallises slowly in minute needles, 
mp 130°-140° It exhibits muta-iotation [a^], 
being initially —112°, falling to —74 4° to 
-77" 

The phenylliydra/ono has m p 170°- 172° , 
the phenylmethylhydrazone, m p 177° , jihenyl- 
bcnzylhydrazoiio, m p. 172°-173°; diphenyl- 
hydiazonc, in p 198°; y>-bromophenylhydia- 
zone, mp 181°-184°. Eueomc acid lactone 
has in p 10()°-107', [aJjj4“73° to -|-78 3°. 

Epifucose. Euconie acid lactone, heated 
with pyiidmc at 145°- 150°, is converted to 
epifueonic acid Lictone (Votoeck and Ceiveny, 
Her 1015, 48, (>58), which on reduction with 
sothum amalgam gives cpi fucose 

H H OH 

CII 3 CH(OH) C C 0 Clio 

Oil OH H 

a syrup, — 9°, whose phcnylhydia/onc and 

p-biomophcnylliydrazone aie identical with those 
of fucose 

Rhodeose is the optical antipode of fucose 
(Muthci and Tolleiis, Bci 1904, 37, 30b) It 
has [ttJ^j-(-73° to -{-75 2°, and forms derivatives 

havmg the same melting -jioint as those from 
fucose just desciibed. Khodconic acid lactone 
has m p 105 5',[a|j^— 70 3° to —09 4°. Rhodeose 
is obtained from the glucoside convoivulm 

The configuration of ihodcose is shown by 
the following leactions (Hudson, J. Amei. Chem 
►Soc 1911, 33, 405, Votocck, Ber. 1910, 43, 
47()) 

(tt) Oxidation of rhodconic acid lactone 
gives i-trioxyglutaiic acid 

( 6 ) Reduction of rhodeose gives rhodeitol, 
not attacked by sorbose bacterium 

(c) The rhodeohoxonic acid jnoduced by 
applying the cyanohydrin reaction to ihodeosc 
yields, on oxidation, saccharic acid 

Hence ihodeose is 

OH OH H 

CH 3 CH(OH) -0.0.0 OHO 

11 H OH 

Epirhodeose (Votocck, Ber 1911, 44, 302) 

Rhodconic acid, heated with pyndine at 


i 150°- 100°, IS cpimensed to epnhodeonic acid, 
the lactone of winch on i eduction gives eptrho- 
deose • 

OH OH OH 

OH 3 OH(OH) -0 0 • 0 • CHO 

H H H 

The sugar is a syrup which gives the same 
osazone as rhodeose , it oxidises to trioxynbo - 
glutaric acid, m p 184°-185°, [aj^-|-12°. 

Isorhodeose (Votocck, Ber. 1910, 43, 470 ; 
1911, 44, 819, 3287) 

This occurs combined with rhodeose, rham* 
nose, and other compounds m the glucoside 
convoivulm , it IS the optical antipode of 
, Fischer’s ihorhaninosc The configuration is 
shown by the following leactions . — 

(u) Oxidation with nitric acid pioduces 
i-tiioxyglutaiic acid 

( 6 ) Oxidation with biomme watci gives 
isoihodconic acid, which reacts — 

(1 ) With pyridine at 150° to give anti- 
ihamnomc acid, which reduces to (lutnJuiuinose. 
HON converts tins sugar to anti-ihamnohexonic 
acid, which may be further oxidised, giving 
mu< ic acid 

(11 ) With H^O^ ill presence of iron to give a 
methylteti ose, which ovidiscs to Z-taitaric acid 

I.soihodco6c is therefoie 

OH OH H 

OH 3 011(011) -0 0 0 • OHO 

OllH Oil 

it has [a]^4-31 5°, and the melting-points of 

the phenylosazoiie and p-biomopheiiylosazono 
are respectively 180°- 187° and 222 ° 

Tktkusus 

By reduction of diOKyvalcrolactono, a 
mixture of a methylteti ose and the cor responding 
alcohol were pi educed The mdhyltebo^e is a 
syrup, giving an omzouc, m p. 110°-142°, and 
a phcni/lbciizijlhijdiazouc, m p 99°-100°. The 
mcthijltdrUol is also a s^iup, its tdrabenzoale 
melting at 13()°-137° (Oilmour, Ohem Soc 
Trans 1914, 105, 73) 

Rhodeotetrose. Rhodeose is degraded by 
AVolil’s method to a i/mdeoh/iose, the 71 -biomo- 
phenylhydrazoric of which melts at 143°- 144° 
(Votocek, Ber. 1917, 50, 35) 

Chinovose OgLli^Os is only known as a 
constituent of the glucoside chinovm, which, on 
hytholysis with alcoholic hydrochlone acid, 
yields ethylchmovoside Ogll jjO^ OC^H^, origin- 
ally termed chmovite, [a] 1^4-78°. 

Chniovite, when hydrolysed with dilute 
sulphuric acid, yields chinovose, which is a 
syrup, showing all the reactions of the cai bo- 
hydrates. Bhenylchiiiovosazonc forms yellow 
needles, m j>. 193° -194°. 

Apiose C 5 H. 10 O 5 IS an altogether rcmaikablc 
sugar, ob tamed together with dextrose on 
hydrolysing the glucoside apiin present in the 
seeds and leaves of parsley It contains a 
branched cham of carbon atoms, ha\ing the 
constitutional f 01 inula 

(Vongefiehtcn, Aiiiialen, 1901, 318, 121 , 1902, 
321, 71 , Bel 1900, 39, 235). 

It la a pale yellow syrup, optically inactive, 

^ \ 
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uon-formcntable, docs not yield furfuiol, and 
yields isovtilciie acid when i educed by liydiogea 
iodide and pliosphoius. Biommo oxidises it to 
apiomo acid. 

The j)henylbydi azone has in p. 135°; phenyl- 
osazone, m p 155°, and the biomoidienylosazoiic, 
m p 209° -2 12°. 

Digitoxose Cq II 12^)4 is obtained on hydrolysing 
digi toxin, one ol the glucosides of digitalis It 
crystalhses in piisms or plates, in p 102 °, and is 
dextro-iotatoiy It has the composition (Kiliani) 
OII3 Cll(OH) [C 11 ( 0 H )]2 CH 2 CHO 

Digitalose 0711,405 is smulaily obtained from 
digitalm. 

1’uE Oakiiohydrate Acids 

arc those contammg the same number of eaibon 
atoms as the aldose carbohydrates from which 
they aie deiivi'd. They arc eithei mono- 01 di- 
basic. Ketoses yield acids with fewer tar bon 
atoms than theoiigmalcarbohydiateonoxidation. ! 

The monobasic acids ai(‘ foimed on oxidising I 
the aldehyde group to acid, generally b> means ! 
of biommo or dilut(‘ nitric and More energetic 
oxidation converts «ilso the ])i unary alcohol 
( — CllgOlI) group into acid 

Clucuronic acid, which is of impoitance 
physiologically, is a type of monobasic acid, in 
which the aldi'hych' group is intact, and the 
primary alcohol group oxidised to and The 
monobasic acids arc tianslorined m aipieous 
solution, particularly on evaporation on the 
watei-bath, into lactones which crystallise well. 
The dibasic acids similarly sometimes form 
double lactones 

The most important piopeity of glucomc and 
isomeric .icids is then beha\ioui on heating 
with pyridine or ((umoline, when they are 
tiansfor tiled into Lsornendes, leairangements of 
the groups attached to the a-carbon atom taking 
place. Thus, when gluconic acid is heated with 
cpiiiiolme or iiyrichne at 130°-150°, it is partially 
converted into mannonic acid 3dns liehaviour 


carbonate, and concentiated till the cadmium 
galactoiiate crystalhses. The mother hc^uors 
yield a second crop, about 50 grams in all being 
obtained. This salt is jiuiihed and decomposed 
with sulphuric acid 

(.Talactonu acid crystallises in needles, which, 
on heating to 100’, lose water, forming the 
lactcjiie The lac tone crystallises with clilhc ulty , 
it has m ]) 90°-92°, and ioims a crystalline 
hydrate, mp 05° The acid has 10 5°, 

vvJiK li becomes —57° on heating The lactone 
has [a]^^ 70°, and the crystalline hydrate 

[a]j^ 58°. The eadmium salt is chaiacteiistic , 

the phcnylh}^ dr azide has ni p 200 ’-205°. On 
heating with pyridine at 150°, galactonic acid is 
jiaitially conveitcd into cZ-talonic acid. 

Lactobionic and maltobionic acids, obtained 
by the action of bromine on the corresponclmg 
dihaccliaiides, are colourless syrups or amorxihous 
compounch 

Glucuronic acid (glycuromc acid) C 6 Hjo ()7 is 
freipii'iitly found m uimi‘, combmecl with a 
variety of substances, lor ruing compounds of a 
glucosidic natuK' It was synthesised by 
Fischer (Her 21, 521), by reduction of saccharic 
acid lactone, and has the loiimila 
CO^ll 01ij4 CHO 

it is coiivcmiently prepaied from cuxanthic 
acid, whu li is leadily h^diolyscd by dilute acids 
to glucuronic acid and euxanthon 

Euxanthic acid, known in commeice as 
Indian ycilow 01 piuii, is a j^^J^^nent made 
almost exclusively in Bengal, aiicl is obtained 
from the urine of cows which have been fed 
upon mango leaves {v. Indian yellow) 

A(.coi cling to Thieif(‘ldei (ZeitscJi physiol 
Chem, 1 1, 388), i part of euxanthic acid is heated 
with 200 paits of wxater in an autoclave at 120°, 
the euxanthone sc^parated by liltiation, and the 
solution coiictmtiated Owing to the mtroduc- 


has been ol the utmost impoitance m cllectmg 
the synthesis of the carbohydrates. 

Gluconic acid C^Hi^O? always c cm tains a 
piopoition ol lactone. It is slightly hevo- 
rotatory <it the instant of solution, but becomes 
dextro-iotatoiy as the tianstormation to lactone 
takes ]ilace, the Imal ligiue for a mixture in 
ecjuihbiium of acid and lactone being about 
+ 1!)°. The lactone crystallises 111 shmdei 
needles, m p 130°-135° It has |a] -(-b8° when 
hrst dissolved, falling to -\ 19° for the solution 
in ec|uilibiium with the acid The (alcium salt 
IS spaimgly soluble and ehaiactiuistic, likiwvise 
the phenylhydrazide 0^11, 2^0 which 

forms colourless ])iismH, m p 200° 

Mannonic acid. 3310 lac tone eiystalhses in 
needles, m p. 149°-153°, [a]4j-j-53 8°. The phenyl 
hydrazide has m p 21 1°-210°. 

Galactonic acid is obtained by oxidising 
galactose or hydrolysed lactose with bromine 
In the latter case, 100 grams lactose aie boiled 
4 hours with 100 grams 5 p c. sulphuric acid, 
the acid precipitated as barium sulphate, and 
the filtrate evapor.ited to 300 c c , cooled to 35°, 
and 200 grams of bromine added with constant i 
shaking. After standing foi a shoit time, the 
excess of bromine is lemoved by^'a current of an, 
hydiog n bromide by lead carbonate and silver 1 
oxide, and the solution is s turated with cadmium | 


tion of aniline dyes, iiiuii has become very laio 
and expensive 

Neubeig and Lac hmann (Biochem Zeilsch 
1910, 24, 41()) propose' to obtain glucuronic acid 
by feeding meiitliol to i.ilibits iMeiithol lias 
tlu‘ .idvaiitage that it is not poisonous, the 
jiaiied glucuioiue ai id is fan ly easily isolated 
and icadily hydrolysed 2 grams menthol are 
dissolvi'd in 1 c* c alcohol and shakc'u wuth 
20 ce lukewarm water, this emulsion is ad- 
ministeied to labbits, and the urine collected, 
lendeic'd ac id, and extiac ted with ethei. Excess 
of ammonia is added to the etlu'ieal solution, 
and the ether distilled oil. The lesidue of 
insoluble ammonium menthylglucuronate is 
dissolved in water, precipitated by lead acetate, 
the precipitate decomposed with hydrogen 
sulphide, and the liltiate evaporated wLen 
pure menthylglucuromc ac'id is obtained This 
IS (h'coinposed by boiling with dilute sulphuric 
acid to give glin uronic acid 

Glue uronic acid is a syiuji, and is transformed 
into the eiystallme lactone on evaporation. 
This IS very soluble in wat(*r , it has m p. 175°, 
reduces Eehlmg’s solution, yields 
furfurol on distillation with mmeial acids, 
showing positive reactions with oicinol and 
phloioglucmol, and is not fei men table 

A number of substances when introduced 
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into the animal body aro excreted m the urine 
as Iccvo-rotatory-paiied glucuronic acid deriva- 
tives. These are isolated by precipitation with 
basic lead acetate, of which an excess should be 
avoided. 

Saccharic acid CeHioO^ 

OH H OH OH 
CO 2 H— C— C— C — C— CO 2 I I 
11 OllH H 

IS obtained on oxidising dextrose and all carbo- 
hydrates which contain doxtiose, also from 
sorbitol, gluconic ai id and glucuronic acid. It is 
prepared fioin starch 01 dextrose (50 grams) by 
heating with nitric acid (350 grams) (sp gr 1 15) 
on the water- bath, and evapoiating to a syrup 
whilst stirring contmually, A little water is 
added, and the solution again evapoiated 
The residue is dissolved m 150 grams of water, 
neutralised with a eoncentrated solution of 
potassium car honate, 25 c c acetic acid (50 p c ) 
added, and tlio solution evaporated to 80 cc 
On standing, the monopotassium .salt sejiaiates, 
and is ieery.stallis(‘d fiom a little hot watci In 
the mother liquors, Ncuherg (Biochcni. Zcitsch 
1010, 28, 355) has rcciuitly found 10 pc of an 
acid identical 01 isoraenc with glucuionic acid 

Sacchaiic acid is a syrup, increasing 

to lactone C 6 ll .^07 has mp 

130°~13r, [aJu 1-37 9^ deciea.sing to 2*25° for 
the equilibrium imxtuie with the acid (Jharac- 
teristio IS tlio monopotassium salt (J^HgOgR, 
foimed on the addition of acetic acid 111 excess 
to a solution of the noirnal sacchaiate This 
crystallises in small oithorhombic needles, 
spaiingly soluble in water (1 12 parts pei 100°) 
The diplienylhydi azide has ni p 210°. 

The continued action of nitiic acid forms 
tartaric and racemic acids, and, finally, oxalic 
acid. On dry chstillation it decomposes with 
the evolution of carbon choxide, yielding pyro- 
mucic and lAopyromucic acids. 

Mucic acid OgllioOg 

OH H H OH 
CO 2 II— C — V — C— C— C0.2lt 
H OH OH H 

IS obtamed on oxidising galactose, lactose, 
lalBnose, dulcitol, and all carbohydrates which 
yi(‘ld galactose when hydrolysed. 

100 grams of lactose are heated on the w'atcr- 
bath with 1200 c c. of nitiic acid sx> gr 1 15 till 
the volume is i educed to 200 c c , this residue 
IS taken up with an equal volume ol water and 
left to ciy.stallise , the yield is about 38 grams 

MiKic acid IS a microciystallmc xiowder, m p 
213°-214° , it dissolves in 300 parts of water at 
14°, or GO jiarts at 100°. It is optically inactive, 
and cannot be resolved into optically active 
isomerides 

It foims noimal and acid salts witli metals, 
and noimal salts with alkaloids The mono- 
phenylhydrazide has in 2 ^ 190°-195° , the 

diphenylhydrazide, xirepared by heating with 
phenylhydrazane acetate on the water-bath, has 
m.p ‘ 210 ° I 

The Carbohydrate Alcohols 

are widelv distributed m the vegetable kingdom, | 
where they occur, as a rule, uncombincd with 
other substances As a class they are readily 
soluble in water, crystallise well, and have a small 


lotatory power. On cautious oxidation they give 
m turn a reducing sugar, monobasic acid, and 
dibasic acid 'idiey aie obtamed by reduction 
of the corresponding aldose or ketose carbo- 
hydrates with sodium amalgam, but, as a rule, 
owing to transformations in tlie alkaline solu- 
tion, a mixtuie of alcohols is x>roduccd. They 
aro not fermentable, and do not reduce Fehlmg’s 
solution Only those which occur naturally will 
bo desciibed hero, though the alcohols eoi re- 
sponding to the synthetical sugars aic known 
Erythritol CJIioO^ 

OH OH 

CH2(0H)— C— C— CH2(0H) 

H H 

occurs m a numbei of lichens, particularly the 
varieties of Moitella tinrtoria, wheio it is jireseiit 
in the foiin of the other cry t linn (' 2 oli 22 ^ 10 ? 
which IS a diorselhnate of erythritol. This is 
saxionilied by boihng with baryta or lime 
C20H22O10 i-2H20 -C4H10O4+2O7H8O2 + 2CO2 
Ery thrm is heated for about 2 hours at 1 50° 
111 a clo.sed iron vessel, with a quantity of milk of 
lime somewhat less than sufficient to decompose 
it , the exclusion of air jn events the formation of 
a largo quantity of resinous matter The hquid 
filtered fiom calcium carbonate, on evaporation 
at a gentle heat, deposits oicinol m fine ciystals, 
and the mother hquors on further cvaiioiation 
yield a crystalline mass of orcinol and eiythntol, 
from which the former is extracted by othei 
{v J)e Luynes, Compt rend. 60, 803) »Stcn- 
house (Clieni Soc. Trans [2] 5, 222) dissolves the 
eiythnn in a slight excess of milk of lime, boils 
for half an hoiii in a vessel with a long condensing 
tube to exclude air, xnccijutatcs the lime in the 
ie.sulting solution with carbon dioxide, or (on 
a large scale) by exact nmitralisation with dilute 
.sulphur 1 C acid, and evaporates tho filtered 
solution to dryness On digesting the residue 
for 20-30 minutes with a mixture of benzene, 
toluene, &c (bp. 110°-150°), in a metallic 
v^e.ssel provided with a condenser, an imdissolved 
jiortion IS left free from oicmol, which, on 
ovai>oiation and filteiing fiom lesin, , 
deposits crystals of erythritol. These may be 
Xiunhed by washing with cold alcohol, jircssmg, 
and icciyst«dlising once 01 twice fiom hot wati'i 
Erythiitol crystallises in large, coloiiiless, 
tiansxiaient quadratic piisms, having an adaman- 
tine lustre S}) gr 1 542- 1 449. It melts at 126° 
(laebcimann, Ber 17, 873), and may be cooled 
fai below its melting- xioint without solidifying 
It IS optically inactive oven m xuesence of 
borax, and has no action on litmus, but tho 
addition of borax renders it acid. Its taste is 
sweet, but less .so than that of orcinol It is 
very readily soluble m watei, its heat of solution 
being at 18°, 5*2 cals, and at 9°, 5 12 cals 
(Colson, Compt rend. 101, 113), sparingly m 
cold alcohol and insoluble in ether It does 
not lose water below 100°, and does not piecipi- 
tatc ncutial or basic lead acetate, c^ijpcr salts, 
or ammonium lead nitrate (Stenhouse). 

Erythiitol is not altered by ammonia, by 
bromine, or by chloride of lime. Heated to 260° 
with solid potassium hydroxide, it yields oxalic 
and acetic acids with evolution of hydrogen. 
With fuming hydnodic acid, it gives secon- 
daiy butyl iodide (' 4 H„ HI It is attac^ cd by 
atmospheric oxygen m presence of platinum 
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black, foimmg trihydroxy butyric and oxalic 
acids (Be Luynes, Compt. rend. 56, 803 , Sell, 
ibid. 61, 741). 

With dilute nitiic acid, oxalic acid, taitaric 
acid, and a large quantity of hydiocyanio acid 
are jiroduced ; and with chromic acid and potas- 
sium permangmiate, or with chromic mixtuic, 
foiinic acid, carbon dioxide, and oxalic acid aie 
obtained (Przybytek, Bull Soc chim 1 2] 35, 108) 
E Fisclu'r and J. Tafel ( I3er. 20, 1088), by the 
oxidation ot crythritol with dilute nitric acid, 
procured a reducing sugar, orythrose, which 
formed a crystalline phenylosazone 0tflHj8N402, 
m p 166°-1G7°, spaiingly soluble in water, moie 
leadily in ether and benzene The tctianitiate 
C4ll(,(N03)4 luims large shining lamiiicC, m p 6B 
When eiythntol is dissolved in < onccntiatcd 
sulphuric acid, and the mixtuie heated to 
00^-70°, the compodiul CgHiiOolSOiH) ^ is pro- 
duced, which foiins salts with metals (llc'sse, 
Annalcn, 117, 320) 

Eiythntol dissolves easily in chloiosulplionic 
acid, lornimg eiythntol tctrasulpliuiic acid 
04110(^80411)4, which ciystallises m snow-white 
masses (lonsistmg ot small pnsms It is decom- 
liuscd by hot watei with legcneiation of ery- 
thiitol. The metallic salts are spaimglv soluble 
By heating ciytfiiitol foi aliout 100 houis 
with 12-15 paits (onccntiatcd hydrochloiic 
acid, B(‘ Luynes (Ann (diim Phys | 1] 2385 , 
J 1861, 407) obtained erythritol dichloro- 
liydi in 04110(011)^012 By laising the tcmpeia- 
turo to 120'^-130'^, the icsulb is more quickly 
attained, or the (omjiound may bo pi educed 
by heating eiythntol to 120®-! 10'^ m a (.uiumt 
of hydiocliloiic acid (Przybyt(‘k, Bcr 14, 2072) 
It melts at 124®--125® (m [> 115®, Be Luynes) 
Eiythntol tetiaLlilonde O/4ll0Ol4, piocluced by 
tin' action of phosphoius pentachloiidc‘, melts at 
73®, and crystallises m pnsms (lIcMiiiiiigci, Bull 
800 chim 34,101, Bell, Bci 12,1271)^ Bmitio- 
dichlorhycliin C4lf0((d2)(N()2)2O2, lias mp <>0®. 

Eiythntol dibiomhydnn C4K0(Br2)(OH)2 
IS foimed by heating with a saturatcsl solution 
of hydiobioimo acid for 3 honis at 100® in a 
sealed tube 1 1 is insoluble in water, and melts 
at 130® (Ch.iiiqjLon, (Joiiqit lend 73, 114) 
Binitioclibroiiihydiin 04ll4( Bi ,)(N02)02 is 
a llaky pieeipitatc, in p 75° It d<jes not de- 
tonate under the hammer (Champion) 

Idle tctiafoimate forms long sleiiclei necslles, 
m p 150® , the t( trace! ate ha'^ ni p 85® , and 
the t(‘tiabcnzoate, ni p 186°-187®. 

Cliaiac teristiG is the dibenzylideneacctal 
(\If ,,04(07148)2, obtained on shaking with 2 pai ts 
of heiizaldchycle .incl 3 pails ot 50 p c sulpliuiic 
acid (Fischer, Bei 27, 1521) which forms 

slendei needles spaiingly soluble 111 hot water 
It is not fermentable by yeasts Badenum 
xi/liniim tiansfoims it into a redming keto- 
tetroso (Bertrand, Oompt rend 126, 762), and 
it is attacked by bacteiia in cow-dung ancl hay 
water, succinic acid in the one case and volatile 
acids in the other being the mam products of 
change (Fitz, Bei 11 1890 , 12, 474) 

The anhydride aS-oxy-jSy-butancdiol is ob- 
tained by heating erythritol for some hours 
With acids , it IS a liquid, bp 15 1®-155® at 18 mm 
The second anhydride 0411002 was prepaied 
by Fizyliytek (Ber 17, 1001) by the action of 
potash on erythritol du hloi hydrin It is a 
colourless mobile volatile liquid, b.p. 138®, sp.gr. 


1T322 It combines with wat(‘r, acids, and 
ammonia, and forms compounds with hydio- 
cyanic acid and aniline Its constitutional 
• OH OH • 


acid 
formula is 


When heated with anhydrous baiium oxide for 
3 days at 200°-220°, the anhydiidc' ymlds fui- 
furane , when heated with phosphorus penta- 
sulphicle rt gives thiophene, 

Adonitol 


OH OH OH 

OH^lOH)— 0— 0 -G— CHalOII) 
H H II 


IS the only natiiially oeouiimg pentose alcohol , 
it ( ujK'sponds to iibosc% and is obtained on 
reducing this It is found in Adonis vernrilis 
(Bodwyssotzki, Arch Bharm 1889, 141) It 
sc'parati‘s from water m tiaiisparcnt prismatic 
ciy^taLs m p 102® It has <i sweet taste, and is 
optic ally inactive Wlu'ii sli.iken with benzalde- 
h^'^de and 50 ]> c sulphuiic acid, the dibenzyli- 
clene aciTal is foi med (iu-iiititaiively , it crystal- 
lises 111 skuidei needles, mp 164®-165®. The 
coiu‘spoiidmg (liformyliderK'aeetal has m p 145® 
It IS oxichsecl to a mixtuie of pentoses (Fisiiiei, 
Ber 1893, 26, 633, 27, 2191, Merck, Arch 
Phatm 1893, 231, 129). 

Mannitol 01 iZ-mannite 08118(011)8 
H H OH OH 

01T20H~0— 0 — 0 -( 3 — OH ,OH 
OHOHH H 


IS the alcohol concsponding to mannos(‘ It 
was lust found 111 the dried (‘xuclation from the 
manna ash, Fravinus 01 /is, by Proust, in 180(), 
and IS widely drstiibiited m ])laiits It is con- 
taiiKsl 111 the sa[) of the hiich, m monkshood, in 
the leaves of Sipitoja vnbjiui^, in celeiy, sugai 
eaiie, m fungi, where it exceeds dcxtiosc in 
(piantity 01 even leplaces it Thus Lactanus 
pallulns, wh( n (IihmI, < ont.iuis from 10 to 15 p ( 
(BouK^uelot, Oompt rend 108, 5()8), and 
AqariLLLS uiletjc) is also a good source Kylm 
(Zc'tsch physiol Olumi 1913, 83, 171) has 
found it in seveial Fkcks and jAiniinai la s[)e( les 
It also occiiis in the saj) of French biviiis on 
keeping It is piepared fiom iiiaiina by exti ac- 
tion witli boiling alcohol Mannitol is obt. lined 
oil ic‘diiemg ni.iniiose, l.evulose, or dextiose 
with sodium amalgam. In many cases it 
seems to bo a fermentation piorluot dciivcd 
fiom tiehalosc (Busolt, Ohem Soe Abstr 11)13, 
i 803) Its foimation may be avoided by 
pieseiving plant extiacts under steiiliscd 
conditions 

It ciystallises in colourless rhombic pnsms, 
m 2) 166® 100 jiaits of water dissolve 16 jiaits 

at 16®, 100 parts of alcohol dissolve 0 07 part 
at 14®. It IS ojiticall}. inactive, but on the 
addition of boiax it becomes strongly dextio-ro- 
tatory, a mixtuie containing 10 p c manmtol and 
8 J) e borax having [a]^H-22 5®. This mixture 

IS strongly acid AVitli caustic soda and other 
alkalis it becomes kevo-rotatory 

Mannitol lias a slightly sweet taste, is not 
fermentable by yeast, sorbose bacteria oxidise 
it to la^vulose, and it is attacked by many other 
races It does not reduce Feliling’s solution, 01 
interact with phenylhydiazine 

Mannitol is easily oxidised An in iiiesence 
of jilatinum black forms mannosacchanc acid, 
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and a mixture of mannose and Idovulose, which 
IS also formed with hydiogen peroxide and an 
iron salt Bromine gives mainly laivuloso Nitric 
acid transforms it into mannosaccharic acid and 
finally into glycollic acid and oxahc acids 

Derivatives — On heating at 280°, mannitol is 
converted by loss of water into mannitan 
^'ettiaOg, which is formed at 100° m presence of 
strong acids The hexanitrate, also known as 
nitromanniiol CaH^(N 03 )g, is prepared by the 
action of a raixtuio of sulphuric and nitiic 
acids ; it forms colouiless acicular ciystals, 
m p 1 12°-113°, [a]^ 4-40°, which explode violently 
on being stiuck or when suddenly heated 

The cUchlorohydrm has m p 174°,[a]^— 3 75°, 

and its tetramtiate forms slender needles, 
m p 145°. The Iicxacctate (Eranchimont, Ber 
12, 2059) separates fiom alcohol in orthorhombic 
crystals, mp 119°-120°, [aj^4-18° The hexa- 
benzoato has m p MO"" 

The triben/ylidene acetal crystallises in 
slendci needles, insoluble in watci , m p 218°- I 
222° (Fischer, Jler 28, 1975) Tiiacetone | 

inaimitol ( Fischer, ibid 28, 1107) forms colouiless 
prisma, m p. 08°-70°, [a]^^ 4-12 5° It tastes 

Inttcr. Mannitol monoacetone, tieatc^l with 
benzoyl chloride and quinoline at 15° foi five 
days, yields tctrabcnzoylmanmtol monoacctone, 
mp i22°-123°, which hydrolases partially to 
tctrabcnzoylmannitol, mp 122°- 123°, [a]^^4'8° 

(E. Fischer, Ber. 1915, 48, 2b0 ) 

Foi the conversion of mamiitol into ineth>l- 
a-pyren 

Cll 

lie OH 

II I 

HO OHMe 



.9CC Windaus and Tomich (Ohem. Zentr. 1918, 
11 109). 

Tlie anhydiido mannitan exists in amoi£)hous 
and crystalline moditications, the lattci having 
mp 137°, [a|^ — 24° A second anhydride is 

manmde OgHjo() 4 , which exists in seveial forms 
One obtamed by i educing the dichloiohydiin 
ciystalliscs in slender needles oi large piisms, 
mp 119°, [a]|^-h94° ; i6o-maniiide xirodueed by 
the diy distillation of mannitol in vacuo, foi ms 
piisnis, m p 87°, 91 4° 

d-Sorbitol or sorbit ('gHH(OH)fl 
OH H 011 OH 

OHaOH— 0— 0— 0— 0— OH.OH 
H OH 11 11 

is the alcohol coirespondmg to dextrose, fiom 
winch it is obtained on reduction with sodium 
amalgam in faintly alkaline solution Sorbitol 
was discovered in mountain-ash berries by 
Boussmgault (C^ompt rend 1872, 74, 939), and 
occurs m the fruits of a large number of plants 
belonging to the JiosaceiB It was found as a 
crystalline network on the diicd heads of the 
fungus Boletus bovinus (von Lippmann, Ber. 
1912, 45, 3431) 

It IS prepaied from the expressed juice of 
mountam-ash beiries, which is fermented to 
remove cai bohydrate, defecated with basic lead 
acetate, and concentrated to a syrup in vacud. 


This syrup is taken up with alcohol, and usually 
gives crystals of sorbitol. In other cases an 
equal weight of 50 p c. sulphuric acid, and a 
little less benzaldehyde is added, and the 
mixture agitated. After 24 hours it sets to a 
crystalline mass of diben/ylidene sorbitol This 
IS separated, washed, and decomposed by boiling 
with dilute sulphuric acid 

The benzaldehyde is removed by steam 
distillation, sulphuiic acid by baiyta, and the 
benzoic acid exti acted by ether The liquid is 
concentrated to a syrup, and inoculated with 
a crystal of soibitol (Vmcent and Dclachanal, 
Compt lend 108, 147) Tins method permits 
of the separation of soibitol in small quantities 
from plants 

Sorbitol ciystalliscs with 1 mol H.>0 in slender 
needles, m p 55° The anhydride has m p 
110° It is very soluble in water, sparingly so 
ill alcohol. It has 17 3°, which becomes 

4-14° in presence of borax It is faintly swci t, 
non- fermentable, but is oxidised by B-xylinuni 
to sorbose [q v) 

The hexacetate has m p 99°. The dibenzyl- 
idenc acetal as obtamed above is a mixture of 
two isomeiides, one of which has m p. 103°- 104° 
Tiiacetone soibitol has m p 45° 

Styracitol, a natuially occuiimg substance 
isolated by Asaliina (I^ei 1912, 45, 2303) fiom 
Stijtax ubassia, is isomeiic with the anhydro- 
soibitol obtained by i eduction and hydiolysis 
of anhydiomcthylglucoside (Fischer and Zachs 
Ber 1912, 45, 45b, 2008). This suggests that 
such anhy dudes of glucose and of glucoside 
occur in nature. 

Dulcitol. Dakin, Dukosc, Mclampijnk, 
Mdam pyrin 

OHH H OH 

I I I I 

Cll.OH— C — (J— C— C— CH 2 OH 

I I 1 I 

H OHOHH 

IS the al( ohol coiiespoiichng to galactose 

OuAirrcNci — Found 111 a manna 01 ciude 
pi(‘paiation fiom a bulbous loot of unknown 
oiigin fiom Madagasc.il (Laurent, Annalen, 
7(), 358 , fJacquelam, ibid, 80, 345, 111 

tS< rop/i (dat la nodo'^a and Hhinanlhtib Cieda 
(j(dli (Eichler, Ueb. d Mekimpyim, Moscow, 
1885), in Mdainpyrum mnio}o,suin (lluiudeld, 
.1 pi Ohem 4, 233 , Gilmer, Annalen, 123, 
.172), in Eao/oymMs (Kubel, F Fliaiin 

Chun. 85, 372), and in dulcite manna (Hecht, 
Annalen, 105, 118) 

Pn pa ration — JUukitol is piepared fiom the 
Madagascar material by ex ti acting with boihng 
water and allowing the filtrate to crystallise. 

I To prepare it fiom the plants above-mentioned, 
they are gathered at a suitable time and diied 
A (locoction IS made of them, reiideiod alkalme 
with milk of lim(‘, boiled, filtered, conceiitiatcd, 
and acidified with hydiochloric acid Dulcitol 
crystallises out on cooling Dukde manna is 
extracted with boiling alcohol , dulcitol ciystal- 
hscs from the solution filtcied hot. The manna 
yields 72 pc. dulcitol (Hei ht). 

Dulcitol may also bo piepaied by the 1 educ- 
tion of galactose with sodium amalgam, the 
soda yiroduced being from time to time neutral- 
ised with sulphuric acid. It is obtame'^ mixed 
I with manmtol on roduemg lactose. 
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Properties, — Dulcitol, both of natural and 
synthetical origin, crystallises m colourless, 
higlily lustrous monoelinic prisms with octa- 
hedral summits The crystals arc gritty between 
the teeth, and taste vciy faintly sweet , m p. 118° 
One part dulcitol dissolves m 34 41 parts water 
at 16 5° ; it is but slightly soluble in alcohol, 
oven at a boiling temperature. It is optically 
inactive, even m presence of borax , the dcii- 
vatives are also inactive Its solutions are not 
colon ted brown by potash, nor do they i educe 
alkaline copper solutions. Nitric acid oxidises 
it to rnucic acid , oxalic and racemic acids are 
also produced (Carlct, Gompt rend. 51, 137 , 
53, 343) Yeasts do not feiment it, but other 
organisms, such as exist in cheese, convert it, 
in presence of calcium carbonate, into alcohol, 
lactic, and butyric acids A saturated solution 
containing dulcitol and borax in the propor- 
tion of 2 mols dulcitol to 1 mol borax is 
neutral, but if the propoition of borax is h'ss, 
the solution is strongly acid, when the ])ro- 
portion of borax is gieatei the solution is alka- 
line (dulcitol being neuttal and boiax slightly 
alkaline) A solution of a mixtuio of dulcitol and 
sodium paratungstate has an aiud reaction after 
boding (Klein, Compt rend, 06, 111) 

Dulcitol sublimes partially on caiidul heat- 
ing , at 200° it gives off water, and is con vet ted 
into dulcitan ; at 275° it d(‘composes 

Sodium, potassium, calcium, baiium and 
copper compounds exist 

Neither load acetate nor subacotatc piecipi- 
tates dulcitol, but a white piecipitato is tin own 
down with an ammoniac al solution of acetate 
This is an unstable lead compound 

Dulcitol heated with hydriodic acid in an 
atrnosjiheri' of carbon dioxide yields hexyliodide, 
water, and iodine. 

The hexanitrato is obtained by the action of 
fuming nitiic and suliihuiic acids on dulcitol 
It crystallises from alcohol in beautiful colourless 
llexible needles, which melt between 08° and 72°, 
and give off nitric acid vapours continually, 
being theieby converted into the tetranitrate. 
This latter is soluble in alcohol, fiom which it 
crystallises in tianslueent prisms, m p. 130°-1I0°, 
and decomposes at 1 45°. 

Dulcitol foims with hydrochloric acid an 
unstable hydiochloiide C(,Hi4()5*IT(1,3IT20 
Similar hydrobromides and hydrcjiodides exist , 
they are rather more stable ( Bouchardat, Ann. 
Ghim Phys [4j27, Ito) 

Dulcitol yields chloro- and bromo- hydrins 
G„lf,,04Cl2 crystallises in tables insoluble in 
water, GfiH,204l5r2 and GgHigO^BrCff are of 
much the same nature The corresponding 
dulc’tan bodies C„I1,,04G], &c , exist. When 
these bodies are dissolved in fuming nitric or 
sulphuric acids, the corresponding tetranitrates 
are formed, as CBHyGl2(NO ^4, <S:c 

With the acids of the bitty and aromatic 
groups, dulcitol forms a number of neutral 
compound ethers Some of these aie ethers of 
dulcitol and some of dulcitan 

The hexacetate forms hard crystalline plates, 
m p 171° ; the hexabenzoato has m p. 147°, 
both are insoluble in water and ether, sparingly 
soluble in cold alcohol 

The dibenzylidene acetal forms needles, 
m p 215°-220°. Dulcitol diacetono crystallises 
m prisms of bitter tast^, m p. 98°. 


Dulcitol diacetonc, m p 08°, may be frac- 
tionally ciystallised into . Dulcitol a-diacetoiie, 
m p. 145°- 146° ; and dulcitol i8-chacetone, m p. 
113°-114° 

The a- form, when treated with benzoyl 
chloride and quinoline at 15°, gives mono- 
bcn/oyldulcitol a-diacetone, an oil which, when 
shaken in chloroform solution with 5N/tIGl, 
gives inonohenzoyldulcitol, m p 155°-156°. 

If the benzoylation is conducted at 100°, 
the hrst piodiict is dibcn/.oyldulcitol a-diacetone, 
m p 185°-186°, which with 5 p c H(1 in cold 
acetic acid gives chbenzoyldulrilol, m p 210° {see 
E Fischer, Bcr 1915, 48, 266) 

Perseitol 07114807 was discovered in the 
flints of Laurm pa sea, and occuis in Persea 
(fi (tti.ssima It IS identical with i/-mannoheptitol, 
synthesLsed by Fischer (Bcr 23, 030, 222()) by 
reducing the lactone of d-mannohcjitonic acid 
It crystallises in colourless slender needles, m p 
188° ; dissolves slightly in cold water (6 paits per 
100) , readily in hot water, and is insoluble in 
absolute alcohol It has [a]^— - 1 3°, but bei omes 
slightly dextro-rotatoiy in presence of boiax. 

Dilute nitiic acid in the cold convcits it into 
mann()hc])tose , the sorbose bacteiium oxidises 
it to a ketoheptoso 

The hcptanitrato foims needles, mp 138°; 
the heptaaietate has m p 119°. 

The optical isomeiide of pciscitol has not 
been found naturally, but is puqiaied aitiffcially 
fiom /-mannoheptose. 

Volemitol (’7H46O7 was obtained by Bourque- 
lot by extracting diied LacUirius volemus with 
alcohol It ciystallises ui slightly sweet slender 
needles, mp 151°-153°, 1 92°, which is 

not alteied on the addition of borax. The con- 
stitution IS not yet determined 

An octitol (^lli^Og was obtained by Vincent 
and Meunier (Compt rend 127, 760) from the 
mother liquois of the sorbitol preparation from 
the flint of some of tho Rosdcecv The syrup had 
[a]^- 3 42°, the compound with benzaldchyde 
crystallised in shuuler needles, m p 2.10° ; an 
isomeride formed at tho same time having 
mp 110°. \ 

The Dtsacciiarides. 

The disaccharides consist of txvo mono- 
.sacchandes, united through an oxygen atom. 
One residue is hxed through the oxj^gen of the 
aldehyde grou]) in just the same manner as is 
dextiose in the glucosides In the second 
residue, the aldehyde or ke tonic group may be 
still jiresent, in winch case tho junction takes 
place through one of the alcohol groups, or it 
may have disappeared, being concerned m the 
junction. The disaccharides are accordingly of 
two types In tho first typo, m which the alde- 
hyde group IS iiresent, they reduce cupric salts, 
and behave just as dextrose does. In tho 
second typo, all these properties are absent 
Most of the best-known disaccharides are de- 
rived from’ hexoscs. 

In establishing tho structure of a disacchar- 
ide, thiee points demand attention: (1) tho 
nature of the constituent hexoscs ; (2) whether 
it represents an a- or /8-glucosido ; (3) which 
hydroxyl- group is concerned in the attachment 
of tho two hoxose residues. As a rule, they 
form no really characteristic derivatives, so that 
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their isolation and i(I(‘nti(ication is far from oas,> 
Those of Type J. contain, like dextrose, an alde- 
liyde group or its equivalent, and since they 
exhibit muta-rotation and exist m two modifica- 
tions, there is no doubt that, like dextrose, they 
possess a closed ring stiucturo rather than a free 
aldehyde group In solution, therefoie, they 
exist as an equilibrated mixture of intercon- 
vertihle isomeridos This is in agreement with 
their crystallising piopeitios and m maiked 
contrast to the carbohydrates of Ty])e 11, e q 
sucrose and trehalose, of which only one form 
exists, and which aie charactciised by crystal- 
lising readily 

Accordingly, both halves of the moleeulo 
possess a 7-oxidic stiucture, but only one section 
retains the aldehydic grouping potentially 
functional 

The disaceharides are selectively hydiolysed 
by enzymes, and are attacked with very different 
degrees of readiness by mineral acids 

Important conclusions as to their structure 
are based on this behaviour, for the full dis- 
cussion of which reference should be made to 
4’he Simple Carbohydrates, by E P Arm- 
strong, ch V and vi (Longmans, DIO) 

The following table gives a list of the di, tn- 
and tetra-saccharides and their products of 
hydrolysis — 

\ RIDES 

0'\rl)()liV(h.it(3 Coinponofits 

Type T Akhlnjilp group, potmtiallg functional 

Maltose Dexti ose-a-gluoosido 

/.•joinal toso T)extrosc-y3-gl ucosido 

Gontiobioso l)extroso-i8-glueosido 
Cellose i)extrose-/3-glucosido 

Lactose l)extrose-/3-galactosido 

/.solactose Dextrose-galactoside 

Melibiose Dextrose-galactoside 

Turanose Dextrose and l.evulosc 

Vicianose Dextrose and arabinoso 

Galactobioses Galactose-galactosides 

Tifpe If. No reducing properties. 

Sucrose Dexti ose and Levulose 

Trehalose Dextrose (2 mols ) 

Glocoxylose Dextrose and xylose 

TRISAGOH VRIDDS. 

Type T 

Mannotriose Dextrose and galactose (2 mols ) 
Rhamninose Dextrose and rhaninose (2 mols.) 

Type IT 

Raffinose Galactose and dextrose and la?vu- 

lose 

Gentianoso Dextrose (2 mols ) and Levulose 
Melezitose Dextrose (2 mols ) and Levulose 

Tetrasaccharides 
Type II. 

Stachyose La3vulo3e and dextrose and galac- 
tose (2 mols ) 

Sucrose, Saccharose or cane sugar. The pre- 
paration and properties of this are dealt with 
under sugar, accordingly only the more theoretical 
aspects of its properties will be considered here 
In contrast to most of the sugars it crystallises 


exceedingly well , this is almost certainly due 
to the fact that one substance only is present in 
solution, and not a mixture of isomerides It 
lacks both aldehydic and kctonic properties, 
being without action on Fob ling’s solution 
Considerable difficulty has been experienced m 
ascribing a constitutional formula to sucrose 
which IS cntiiely satisfactory It is probably 
a derivative of a-glucose, but since it is not 
attacked by maltase, it is not a simple a- 
glucoside The methyl fructosides of the 
butylene oxide type are not attacked by inver- 
tase, and aie far more stable to acids than 
sucrose. These facts aie far moie in agreement 
with the assumption that the fructose 111 the 
disaccharide has an ethyliuie oxide structure, 
and this is confirmed by the hydrolysis of octa- 
methyl sucrose to tetramethyl glucose and 
tetramcthyl fructose The foinier was of 
the stable butylene oxide type, the latter of the 
1 cacti ve ethylene oxide type 

Sucrose may bo formulated accordingly as 

r ^ ] 

OH CH2 CFr(OH)CH [CH OII),(dI 0 - 

C(CHaOH) CH (CH OH],(HI,OII 

On liydrolysis of sucrose the following series 
of changes take place, the linal pioducts con- 
sisting of the equilibrium mixtuics A and C 
together, probably, with a small proportion of B 
{<f Hawoith and Law, (^hem Soc lhans 1910, 
109, 1:H4) 

Sucrose— >a-glucoso -(■ a-fiuctoso ^ a-fiuctose 

'I't J't 

j8-glucose )8-fructose /8*fiuctose 

A Butylene- B Ethylene- C Butyleiie- 
oxido forms oxide forms oxide forms 
►Sucrose contains eight hydroxyl gioups, as 
evidenced by the formation of octacetyl-, 
octamtro-, and octamethyl- derivatives. It 
forms sacchaiatcs Ci2ll2i^n^^ sodium or 
potassium hydroxides, and more complex 
saccharates with lime, stiontia and baryta 

Lactose or milk sugar CigHaaOii was first 
separated from whey by Fabriccio Bartoletti 
in 1019, and termed iiitruni sen lacks It 13 
found in the milk of all mammals Human milk 
contains from 5 to 8 p c. of milk sugar, cow’s 
and ewe’s milk, from 4^ to 5 p c ; mare’s and 
ass’s milk, about 0 to 7 p c It has not boon 
found in plants 

Lactose is hydrolysed by mineral acids to 
dextrose and galactose ; it is a )3-galactoside, 
that IS, the active aldehyde group is in the 
dextrose residue It is uncertain whether the 
primary alcohol group or the a-secondary alcohol 
group of the dextrose molecule takes part in the 
union with the galactose residue. Accordingly, 
lactose has one of the following formula^ — 
CflHiiOe— 0'CHa-CH(0H)-CH[CH-0H]20H(0H) 

(1) O'"' 

C,H„0,— 0-CH[CHj-0H] CH[CH OKI, OHOH) 

(2) ‘ 0 

The following details of the manufacture of 
lactose from whey are given by Aufsberg (Chem 
Zeit. 1910, 34, 885). Cheese makers usually 
send their supply of whey to a central factory, 
where the lactose is separated. Before the whey 
IS concentrated, it is heated and treated with 
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from 1 to 3 p.c of acid (whey vinogai), in order 
to coagulate any albummous substances present. 
The whey is then concentrated at a temperature 
of from 60° to 70° under reduced pleasure, 
until it contains about 60 ]) c. of total solids , 
the concentrated liquid is run into rectangular 
vessels, each holding about 700 lities and 
surrounded by a cold-water jacket, and after 
the lapse of 10 hours the thick liquid is stirred, 
this opeiation being repeated at intervals At 
the end of 24 hours, the pasty mass is submitted 
to centiifugal action, the crude, moist lactose 
amounting to about 3 85 p e of the weight of 
the original whey , a further quantity of (Tude 
lactose, amounting to about 0 5 p c , is obtained 
by evaporating the mother liquor and allowing 
it to crystallise The crude lactose is now re- 
fined by dissolving it in water so as to form a 
solution having a density of 13° to 15° B , adding 
to the solution a quantity of bone charcoal and 
about 0 2 p c of acetic acid, heating the mixture 
to 90°, then adding a small quantity of 
magnesium sulphate, and heating the whole to 
boiling The floceulent precipitate is lemoved 
by llltratjon, and the hltrate is evaporated by 
heating under reduced pressure until it has a 
density of 35° B. Crystallisation is then allowed 
to take place, and the crystals are separated 
The hictose thus obtained is again subjected to 
a similar refining ticatmont, the final yield of 
cryst.ilhne lactose being dried in a centrifugal 
machine supplied with .i current of hot air 
The diy jiroduct, amounting to about 2 5 pc 
of the weight of the original whey, is then ground 
and sifted Scp also Mirac Sugar 

Milk sugar is deposited from its aqueous 
solutions m hemihodral rhombic or monochmc 
crystals The ciystals are white, semi-trans- 
parent, haid, and grate between the teeth , 
their sp gr is 1 53-1 54 They contain 1 mole- 
cule of watei (Cj 2H220 ii,H 20), which they retain 
at 100° over II2SO4, but give up completely at 
130°, leaving a colourless melted mass of anhy- 
drous milk sugar, which sohdihes in the crystal- 
hno state on coolmg, and is strongly hygroscopic. 

If a solution of milk sugar is evapoiated to 
dryness on the watei -bath, an anhydrous milk 
sugar remains behind, which is not hygio- 
scopic 

Hydrated milk sugar is shghtly hygroscopic, 
soluble in 5 or *6 parts of cold or 2J of boilmg 
water , fiom the latter solution the crystals only 
separate out slowly on cooling Aji aqueous 
solution saturated at 10° has a density of 1 055, 
and contains 14 55 p c. of hydrated milk sugar ; 
when left to evaporate it begins to deposit 
crystals as soon as the density — 1’063, and the 
solution contains 21 64 p c. of sugar. It is 
insoluble in alcohol or ether. 

According to Hudson (J. Amor. Chom Soc. 
1908, 30, 1767), lai tose hydrate ciystaliises from 
aqueous solution at the ordinary temperatures, 
whilst above 95° the /S-anhydrous form separates 
Schmoeger, and later Hudson, have described 
three forms of lactose. Thea-hydrato [a]j,-}-86° 
and the )3-anhydride [a] -4- 36 4° both change in 
solution into the equilibrium mixture or y- 
isomeride of constant rotatory power [a]p-l-55 3°. 
Lactose was the first carbohydrate of which 
more than one modification was observed, and 
the relationship of these isomerides has been the 
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subject of much discussion (.see v Lqipmann, 
Chemie der Zuckciaiten) It is to be explained 
in the same way as the muta-rotation of dextrose. 

Lactose loses the water of crystallisation at 
130° when heated, turns brown at 160°, begins 
to decompose at 175°, forming lactocaramel 
CigH^oOio, and melts at 203° 

On oxidation with bi online water, lacto- 
bionic acid, C12H 22^^12 is formed, and this is 
converted into galactose and gluconic acid, 
when hydrolysed by boiling with mmeial acids, 
proving that lac tose is a galactoside. Nitric acid 
first causes hydrolysis, and then foims mucie 
acid fiom the galactose, and sacdiaiic acid from 
the dextrose. Like dextrose, lactose gives rise 
to two senes of deiivatives, coriesponding to the 
a- and forms of the sugar already mentioned. 
It contains 8 hydioxyl- groups, and therefore 
forms octacetates on lieating with acetic anhy- 
dride and a dehydrating agent. These are 
colourless, ciystallme substances, and well 
characterised. Other lower acetates are less 
definitely chaiactensed. 

Lactose octacctate may be converted into 
acetochlorolactose, and this into methyl lacto- 
side, which ciystaliises in needles, m p 171° The 
octacetate, obtained by heating with acetic 
anhydride, crystallises m rectangular jilates or 
needles, m p. 86° (Herzfeld), 98° (Kremann, 
Sdimoeger), 106° (Fischer and Armstrong), 
according to the method of purification It is 
obviously a mixture Acetochlorolactose forms 
prisms, m p 57°-59° (Fischer and Armstrong, 

Bci. 35, 841), [a]^^+76*2°. The isomeride 

forms prisms, m p. 118°-120°, [arj^-h73 5° 

(yer a/.so Bodait, Monatsh. 23, 1 , Dittmar, 
ibid 23, 865) 

On heating with phenylhydrazine, acetic acid 
and sodium chloride in a boiling water-bath for 
IJ hours, phonyllactosazone C24II32O9N4 is 
formed This does not separate until the solu- 
tion IS cold, and is thus readily distinguished 
from jihenylglucosazono The yellow needles 
melt at 200°, and dissolve m 80 parts of boiling 
water. With very dilute sulphuiie acid they 
form an anhydride CgiHgoOgN^, which melts 
at 223°-224°, and is almost insoluble in water 
(Fischer, Bor. 20, 830) The phenylhydiazmo 
residues are ehmmated by boiling with benzalde- 
hyde, lactosone being formed : 

CeHnOg 0 CII2 [CH 0H]3 CO CHO 

This is obtained as a. colourless syruj) on ( onccn- 
tration of the aqueous solution in a vacuum, and 
is similar in piopcrtios to glucosone 

Lactose forms characteristic hydrazones with 
some of the substituted phenylhydi azines The 
amylphenylhydrazone has m p 123° , allyl- 
phenylhydrazone, m p. 132° , benzoylphenyl- 
hydrazone, m p 128° , jS-naphthylhydrazonc, 
m p. 203°. Lactal CaoHjgOg, which is analogous 
to glucal from glucose, has m p 184°- 186°, 
[«]„+27“. 

Alkalis decompose lactose, giving a variety 
of products. Strong alkalis produce ultimately 
lactic acid ; on fusion with potassium hydroxide, 
oxalic acid is formed The prolonged action of 
lime results in the formation of sacchanns {q v) 

Hydrolysis — Lactose is hydrolysed with 
difficulty by cold mineral acids, and resists even 
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boiling with weak organic acids. Towards sul- 
plniiic acid it is 1210 times as stable as sucrose, 
and slightly inoie stable than maltose. Stronger 
acids hydrolyse it to dcxtiosc and galactose, the 
optical rotatoiy 2)Ower of the solution changing 
from 4-52° to 4 bS°. 

Lactose is also hydiolysed by an enzyme 
lactase {q i\) which is present in Kejihir grains, 
in almonds, and m some yeasts ft is not fer- 
mented by yeasts, with the exce])tion of a few 
torula (A' JragihSy t'tc ; Aimstiong, Rroc 
Roy 8oc lOOo, 70 B, 000) whiih contain 
lactase It is more susceptible to bacteiial 
attack, and readily undergoes lactic and butyiic 
acid fermentations 

The synthesis of lactose has not been effected, 
but an isomoiide named provisionally ?so-lactose, 
was obtained by FiscIku and Aimstrong by the 
synthetual action of Kc])hir lactase on a con- 
centiated mixture of equal jiarts of galactose 
and dextrose. It was isolated as phcnyli.so- 
lactosa/one A gakictosidoglucose was pre- 
pared by the same i\oikcrs fiom acetochloro- 
galactose, and sliown to bo jiiobably identical 
with mchbiosc 

Maltose C^2^^22^^1 perhaps obtained 

from starch by De Saussuie in 1810 • it was 
prepared by Vairy, uho failed to recognise it as 
a distinct substance. Dubrunfaiit, in 1817, 
fiiithcr examined it and gave the name maltose, 
but regarded it as a trisacchaiido 0’8ulhv<in 
showed, in 1872, that it is a disai ehande, and 
gave a fuller description of its characters 

Maltose IS primarily a decomposition product 
of starch, and its occutt once in nature' is mainly 
under conditions where it has been deiived fiom 
starch Thus it is found m the leaves of plants, 
in geimmating seeds, and in malt, kc Under 
abnormal conditions, it is found in the urine 
It IS a constituent of commercial glucose Its 
occurrence m the form of a glucoside is doubtful , 
amygdahn does not contain maltose, and it is 
improbable that lotusin does 

8tarch is converted by the enzyme diastase 
first into dextims and then into maltose 
Diastase also acts on glycogen, forming maltose 
amongst other products It is also obtained 
when starch is hydrolysed by acids Early 
workers have denied the presence of maltose 
amongst the products of acid hydrolysis, but 
Ecrnbach and Schoen (Bull Soc chim 1012,11, 
303) have completely identified it They regard 
the processes of hydrolysis of starch by diastase 
and by acids as essentially identical in the first 
stage 

Prp'pnrnl'irii — Maltose is always prepared by 
the action of diastase, usually malt extract, on 
starch paste ; its purification from the dextnns 
present, which are soluble in alcohol, is often a 
matter of difficulty. Baker and Day (But Ass 
Report, Dublin, 1908, G71) recommend the u^e 
of ungerminatcd barley diastase, which converts 
starch into maltose, about 00 p c., and cr-amylo- 
dextrm : this can easily be separated by one 
precipitation with alcohol Precipitated barley 
diastase is added to a 3 p e starch paste, and 
hydrolvsis conducted at 50° for 5 or 0 hours, 
and subsequently in the cold. The solution is 
evaporated to a thm syrup and poured into 
95 p.c. cold alcohol, so that the resulting strength 
IS about 80 p.c The a-amylodextrin is precipi- j 
tated and removed by filtration. The alcohol is | 


distilled off the maltose syrup, seeded witn a 
few crystals, and a little alcohol added In a 
few hours it sets to a solid magma of pure 
maltose. To purify it further the sugar is 
triturated with stiong alcohol, filtered, dissolved 
in a little water, and pouied mto boiling 95 p c 
alcohol, again filteied and crystallised from the 
filtiate 

When malt diatase is used, the procedure 
18 similar, but the entire lemoval of admixed 
dextnns requires repeated purification. Mal- 
tose of this degree of ])urity separates readily 
from strong aqueous solution 

Proprrt'ic^i . — Maltose crystallises from water 
in plates which contain 2^^ » from 

alcohol (sp gr. 0 810) it crystallises in crusts, and 
at times in cauhflower-hke or waity aggrega- 
tions which contain f'i2H 220ii. The hydiate 
easily parts with its watiT al 100° in a current of 
dry air. The anhydride is but slightly soluble 
in strong ethyl alcohol , it is more soluble in 
methyl alcohol The hydrate dissolves more 
freely m both solvents. Botli bodies are very 
soluble in water, but less so than dextrose 
The solution is optically active, the activitv 
being less when the solution is freshly prepared 
than after standing 

The specihc rotatory ])ower for dry maltose 
IS [alj--154°-155°, [aly*- ]39°-n0° at 15 5° in 
solutions containing 10 grams per 100 c c. and 
under (O’Sullivan, (Tern Soc Tians. 35, 771, 
and 45, 5) Meissel (J. pr. Chem [2] 25, 114) 
gives the formula 

ra-|j)=:140'375°-0-01837P-0 095T 

to represent the specific rotatory power of dry 
maltose at 0°, in which R= percentage of 
maltose in solution, and T the temperature of 
observation Browm, Morris, and Millai give 
4" 137 93° The value depends on the concen- 
tration as well as on the temperafure The 
initial rotation is [a]p>— 4-110° Brown and 
Morns have shown that maltose is first formed 
in this low rotatory modification 

Maltose reduces Fehling’s solution, 100 parts 
being equivalent to 02 5 paifs of dextrose 
(O’vSulhvan), or 01*9 parts (Brown and Heron, 
Chem 80C Trans 1879,35,018) It is inactive 
towards cupric acetate (Barfoed’s reagent). The 
density of a solution containing 10 grams 
maltose m 100 c c at 15 5° is 1 0393. 

Maltose is hydrolysed on heating with 
mineral acids to two molecules of dextrose. 
Sulphuric acid at 80° attacks it 1*27 times as 
readily as lactose. The w^eakcr organic acids 
are almost without effect except after prolonged 
action. 

Bromine oxidises maltose to maltobior.ic acid 
(Fischer and Meyer, Ber. 22, 194) This has the 
formula C,2ll22^^i2» hydrolysed by mineral 

acids to dextrose and gluconic acid. The 
behaviour towards maltase classes maltose as 
dextrose-a-ghicoside, and the following con- 
stitutional formula is provisionally applied • — 

CH(OH) rCH 0 H ]2 CH-CH(OH)-CHj^'^ 

I 0 ' 

The compounds qf Maltose . — The octonitratc 
(Will and Lenz Ber 31, 08' crystailises in 
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lustrous noodles, m p. 163°-164°, [a]^^+128® 

The octacetate exists in two isomenc forms. 
Prejiared by heating maltose with acetic anhy- 
dride and sodium acetate, it has m p. 159*^-160°, 
[aJ^-l-63° in chloroform The a-isomciide has 

m p. 126°, [a]j^-j-122° (Hudson and Johnson, 

J Amer. Chem. Soc 1915, 37, 1276) 

a- and ^-heptacotylchloro- and -biomo- 
maltoso have boon dcsciibed (Eischci and Arm- 
strong, Ber. 34, 2895 , 35, 840 ; Foerg Monatsh. 
23. 44). 

a-Methyl maltoside (Foerg, ihid 23, 44) 
crystallises m blender plates, in p 125°-127°. 
i3-Methyl maltoside (Fischer and Aimstiong, 
J5er 13, 34, 2895 ; Konig and Knorr, ibid. 34, 
4343) foims conccntiically grouped needles, 

111 p. 93°-95°, 70°. jS- Phenyl maltoside, 

m p. 96°, and menthyl maltoside (Fischer, Ber 
1910, 43, 2521), have also been described 

'^riie hydiazones aio not characteristic. 

The phony losazono C24H^2^^9^4 pieparcd 
by heating maltose with excess of phony Ihydi a- 
zino and acetic and loi 1| hours on the watci- 
bath. It separates after the solution has cooled 
(cbffcrenco fiom doxtroscpheiiylosazone) Ac- 
cording to Fischer (Ber. 17, 579 ; 20, 821) it 
ciystalhses m slender bright yellow needles and 
not in aggiegatcs, having m p 206° , Ost (Chem 
Zoit 19, 1503) gives 202°-208°. 

J. L. Baker states that the osazone prepared 
fiom his pine maltose had ni p 195°, and con- 
sisted entiicly of chaiactciistic bioad prisms, 
icsernblmg ribbons in the micioscopic held 
The stellate aggiegatcs of ciystals piesent in 
the osa/one, from maltose containing traces of 
dextrin, weio absent Maltosazono does not 
foim an anhydiidi' 

Mai to&c-p-broniopheny losazono has m p. 
198°. 3'he p-nitiophony losazono (rystallises in 
led ne(‘(lles, m p 261° (Hyde, Ik-r 32, 1815). 

Maltus(‘-p-diaminobcnzoic ac id 

IS foimed in small quantities on piolonged 
boiling of concentrated solutions of the com- 
ponents. It ciystalhses anhydrous in plates, 
m p 235°, or hydrated with 1 mob H.^O in needles. | 
Tlu' metallic compounds of maltose are amor- 
])hou3 and lU-chaiac tensed. It docs not foim 
double salts with the alkali chloiides. 

Fermentation — Maltose is fermented only 
after hydrolysis to dextrose. This hydrolysis 
IS elTectod by maltasc, which is present in most 
yeasts but absent in iS Lndivnjii, S Marzianu<s, 
S. cxKfKU'^, S meinbraiicefacietus, some forms of 
tS, anomalub, W. saturnu'^, and many others. 
Accordingly, these yeasts do not ferment 
maltose. Maltose is also fermented by most 
moulds, and readily undergoes lactic and butyric 
acid fei mentation 

Synihesib - —Maltose is perhaps formed to- 
gether with i5omaltose by the action of concen- 
trated hydrochloric acid on dextrose. It is also j 
formed by the action of emulsin on concen- 
trated solutions of dextrose (E F Armstrong, 
Proc Roy. Soc 1905, 76 B, 692) In each case, , 
however, only amorphous or syrupy products : 
could be obtained. 

Isomaltose (Revertose, Gallisin) was obtained! 
VoL II— T 


by Fischer (Ber. 23, 3024, 3687) by the action of 
400 gtaras of cold concentrated hydrochloric 
acid on dextrose (100 grams) at 10°-15°. It is 
a viscid syrup, 70°, and characterised by 

being non -fei men table and foiming a crystalline 
pheiiylosazone, m p from 140° to 155° (Fischci), 
according to the puiity. 

Scheiblcr and Mittelmcier (Bei 23, 3075) 
claimed that the gallisin of Schmitt and Cobenzl 
(Her 17, 1000, 2456) consists mainly of 

t6omaltose. 

Gallisin is found m commeicial glucose It 
may be obtained as a wlute amorphous deli- 
quescent powder, by treating the unferment.iblo 
syrup, after evaporation, with absolute alcohol, 
and linally with ether alcohol. It has a slightly 
sweet taste; is insoluble in ether, slightly 
soluble 111 absolute ethyl alcohol, more easily 
soluble 111 methyl alcohol and acetic acid. It 
reduces silver nitrate, and Fehlmg’s solution , 
the cupric reducing pow'er of 10 98 grams— that 
of 5 giams of glucose. It gives no jnecqntates 
with solution of lead acetate, mcrcuiK chloride, 
feme chloride, or baiium ehloiide On boiling 
with dilute acids it is convertedr into dextiosc 
►Subsequently, a large number of products 
obtained in the hydiolysis of starch or of 
glycogen have been stated to be identical ivith 
isom.iltose, but, faihng any characteristic deriva- 
tive, definite pi oof of its presence m such cases 
IS lacking {v Lippmann’s Phemie der Zuckei - 
arten) It is possible that gaUism and most of 
these products represent dextrms of low molecular 
weights or admix tuies of these with maltose 
By the action of maltasc on a concentiated 
solution of dextrose, Croft Hill ((Ik'iu Soc. 
Trans 1903, 83, 578) has obtained a clisacchaiide 
which he teinis Revertose Possibly this is 
identical with isomaltose 

By a similar process, E F Armstrong (Proc. 
Roy Soc 1905, 76, B, 592) has obtained an 
isomaltose which, like that obtained by the 
action of acids, is hydrolysed by emulsin 
^wMaltose is not attacked by maltase, and the 
behaviour towards enzymes suggests that it is 
dextrose-/8-glucoside 

According to Gatterbauer (Zeitbch. Nahr. 
Genubsm 1911, 22, 265), the chlhcultly ferment- 
able pait of staich-syrup, foimerly teinicd 
I (jallibiiiy consists of a new carbohydrate (jlucomn 
and small amounts of maltose , dextrms are 
not present 

Glucosm IS isomeiic but not identical with 
[maltose, it is a yellowish-white powdei, 
hydiolyscd with dithculty by beei -yeast, moio 
leadily by yeast maltase or emulsin, to glucose 
Dilute mineral acids give glucose, with 
concentiated mineral acicls the reaction is 
levcisible The 'phcni/lobazone melts at 97°- 
100°, tho ji-nit) ophauflobazone at 240° 

Cellose {Cdlohiosr) IS prepaicd by hydrolysis 
of the octacetate foimed by the action of acetic 
anhydiide on filter paper 

To prepare the octacetate C ^ gH 1 4O n( OC 2H .,) « , 
7 5 grams of finely divided filter paper are 
I shaken with 20 c c acetic anhydride, the mixture 
cooled to 70°, and at this temperature a mixture 
of 7 c c acetic anhydride and 4 c.c. concentrated 
sulphuric acid is added The temperature rises 
. to 110°, the product is poured into 600 c c water, 
j and the amorphous acetate collected, washed, 
and repeatedly crystallised from 95 p c. alcouol 
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or from othylacetate It is ultimately obtained 
in eolourlcbs needles, m p 228 ^^ 

Five grams are moistened with alcohol and 
hydrolysed with 15 p e alcoholic potassium 
hydroxide. A granular powdei separates this 
IS dissolved in a little water, excess of alkali 
neutralised with acetic acid, and the solution 
evaporated to a syrup, which, aftei treatment 
with absolute alcohol and inoculation with a 
crystal, ultimately yields eellosc as a eoloui- 
less mierocrystalline powder It tastes faintly 
sweet, dissolves in 8 paits of cold and 1 5 parts 
of hot water, and reduces Fehling’s solution It 

has about +25° when freshly dissolved, 

incieasing to +35 0°. It is not fermentable , 
acids hydrolyse it to 2 moletuh's of dextiose, as 
also docs the emulsin of almonds 

The phenylosazone foims long yellow 
needles, m p. 208°-210°, [a]^ -17 5°, soluble in 

135 paits of boiling water 

Hudson and Johnson (J Amcr Chem Soe 
1915, 37, 127b) consider that tcllose is composed 
of two glucose lesidues united siinilaily to the 
glucose and galactose icsidues in lactose Th(‘v 
quote an a-octacetate, m p 229°, L«]j,'l ‘I2°, and 
a j8-octacetatc pieparcd with acetic anhydiide 
and sodium acetate, in p 202’, [aj^^— 15° 

On leduction of ocetobromocellosc with zinc 
and acetic ai id and hydiolysis of the acetyl 
derivative cellobial is obtained, m p 175°-17b‘^, 
[a]^^+l° Emulsin hydiolyses this to glucose 

and hydioglucal (Fischei and Fodor, Ber 1914, 
47, 2057) 

Hudson and Dale {I c ) give the specihc 
lotation in watei of the a- and fi- foims of 
cellose as +72 0° and -1 lb 0° lespcctivcly 

Gentiobiose is obtained by the ac tion of 
mvertase oi of veiy dilute acids on the tii- 
saccharide geiitiaiiose It may be piepared 
from old gentian loots in which this hydiolysis 
has alieady taken place by ext i act ion with 
water and lernoxal of the Levulose by fei- 
mentation with top-fermentation yeast It 
separates from alcohol in anhvclious crystals, 
m p 190°-195°. It exhibits muta-iotation, the 

initial value for being +9 b° It is not 

fermented by ^^east Emulsin, derived either 
from almonds or As'pcrqillus luger, hydrolyses 
it to dextiose The pheiiylosa/one has m p 
142° 

The fi-octacctaf(’, m p 195°, [aj^— b°, crystal- 
lises well, and may be used to isolate gentiobiose 
from gentian roots or other plant products 
The ‘phtniflihsazonp crystallises in stellate needles, 
m p lb0°-170°, — 7b°. An isomcridc ob- 

tained on heating this with acetic anhydride 
and zinc chloride has m.p. 188°- 189°, L“Jj^+b2°. 

Melibiose was first obtained, together with 
laevulose, by the partial hydrolysis of rafhnosc 
(Scheibler and Mittelmeier, Ber 22, 1678, 23, 
1438) ; this may be effected by dilute acids oi 
certain bottom-fermentation yeasts Bau gives 
the followmg methods of preparation 

20 grams of rafhnose m 250 c c water are 
sterilised and fermented for 1 day at 30° with a 
pure culture of a top -fermentation yeast The 
filtrate is sterihsed and fermented during several 
days with a further portion of the yeast. It is 


then concentrated, poured into hot alcohol, and, 
after cooling, pi ceipitated with ether This 
syrup, after further treatment with alcohol and 
inoculation, crystallises with difficulty after 
long standing in the cold (c/ also Hudson, J 
Amer Chem Soe 1915, 37, 2734) 

Alternatively, 20 p c solutions of rafhiio.se 
are hydrolysed by boiling with 2 p c acetic acid, 
and conccmtratcd to a syrup in a porcelain 
vessel This is rubbed with 2 vols of 95 ji c 
alcohol, the alcohol decanted, and ether added 
till a cloud appears After 2 days, this solution 
IS decanted from any precipitate, inoculated 
with a few crystals, and set aside m closed 
vessels 

Melibiose hydrate forms 

doubly I efi active monoehnie plates : 

[a h c-l . 1 9227.2 0124, )8-77 lb°J 

m p 81°-85'" The hydrate has 129 5° 

as stable value, and shows muta-rotation, the 
initial value, 5 minutes after solution, being 

+ 108'’ The anhydride has 143" It is 

very soluble 111 water, sjiaimgly so m ethyl 
alcohol {Strong acids hydrolyse it to dextrose 
and galactose it is slightly more resistant th.in 
lactose It is very sensible to traces of alkali 
It is reduced by sodium amalgam to melibiOsitol, 
a syrup which is hydiolyseil to galactose ami 
mannitol. It is attacked by bottom- and not by 
top-fei mentation yeasts, and thus affoids a 
means of distingui.shmg between these two 
vaneties of yeast 'I'hc lormei variety contains 
the enzyme melibiase It is slowly hydrolysed 
by emulsin 

The following derivatives aie known 
phenylhydrazone, light-ycllow needles, m p 
145° , allylpheiiylhydiazone, 111 p. 197° ; 8- 
naphthylhydi a/one, 111 p 135'^ , phenylosazone, 
yellow needles from toluene, mp 178°-179° 
This dissolves m 110 parts of boiling water, and 
inteiacts with benzaldehyde to form meli- 
biosoiie 4’he p-biomopheiiylo.sazonc has m ]) 
181"- 182° The octacetate has m p 177°, 

ra|,rl 102-^ 

JMelibiosc was the lust natural disaecharide 
to be obtained synthetically (Fisiliei and Aim- 
stiong, Ber 35, 3144) It was piepared by the 
Intel action of acetochloiogalactosc with dex- 
tiose 

Trehalose [niyiObCy tithalahiobi) was origin- 
ally discovered in ergot, and has since been 
piovecl to be very widely distributed in fungi 
(Bouiquelot) It appaiently replaces sucrose 
111 those plants which contain no chloi ophyll and 
do not manufactuio starch. Tiehalosc was 
found in 142 out of 212 species investigated, but 
only rri certain parts of the fungus and at certain 
stages of the vegetative period The quantity 
IS a maximum just before the formation of 
spores When fungi are picked, trehalose is 
rapidly converted into mannitol, and after a few 
hours it has entirely disappeared The trehala 
manna from Syria and Persia is stated to con- 
tain 20 p c of trehalose. To prepare trehalose, 
suitable fungi (particularly Agaric us and Boletus 
species) are boiled with much strong alcohol 
immediately after pickmg. It was found as an 
incrustation on flowers of Carex hrunescens 
(flowenng lush) after a sudden sharp July frost 
(von Lippmann, Ber. 1012, 45, 3431). 
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Trehalose Ci2H2j0i,,2H20 crystallises m ' 
lustrous glass-like rhombic prisms 

[a*fc:c=.0G814- 1 0 4171 ; ^-lir 31'] 
m p. 97°. It becomes anhydrous at 130°. Jt 
has [a]“^^4-178° for the hydrate and 4-107° fur 

the anhydride, without any muta-rotation 
Acids hydrolyse it to 2 molecules of dextrose, 
but accoiding to Wmtcistein, only with con- 
sidciablo dilhoulty, and it contrasts maikedly in 
this respect with sucrose^ 

It does not reduce Kehling’s solution or form 
a phenylosazone, and lias the formula 

, O j 

CH.(OH) CH(()I1) (^H (41(011) (^H(OH) 

Cll2(()H) (41(OH) (HI (41(011) CH(OH) Cll-^^ 

' O -- J , 

It IS not hydiolysed by mveitase and most j 
enzyme's, but is affected liy a special enzyme, , 
named tiehalase, present m most fungi, moulds, ' 
.ind some yc*asts, and conveniently piepared j 
from Abpcniilln^ mqer Accoidmgly, trehalose ! 
IS fermented by those yeasts whicli contain 
trehalase It foims few deiivatives * the 

octanitrato has mp 124% [a)),^4- 173 8° ; the 
octacetate has m p 97°, [ajj^4'lb2° , the teti.i- 
ben/oate, m p 8l°-83° 

Turanose obtained fiom the 

tiisaechaiide melozitose, together with dc'xfiose 
on hvdiolysis with 20 p c acetic acid solution 
The dcxtiose is destroyed by yeast, and the 
tuiaiioso isolated fioin an alcoholic cxtiact of 
the residue in tianspaicnt non-eiystallme I 
rounded giams of the composition ! 

T4iey melt at ()0°-()5°, lose their alcohol at 100' 
and yield the puie sugar 7 18° without 

muta-iotatioii (Tamct, Compt icnd 190(), 142, 
1424) 

Tuianose has a i educing powci of bO 
(devtiosc— 100), and is hvdiol^sed by mincial 
acids to an eiiual moleculai mixtuic of dcxtiose 
and hcvulose, and lujt to dcxtiose only, as 
oiiginally stated by Alckm (Ann (Inm 14iys 
fbj 18, 532) Inveitase, maltase, emulsin, and 
diastase aie without action The phenylosazone 
has ni p. 215° 220° (Eischei, Ber 27, 2480) It 
thus diffeis fiom sucrose in contannng a free 
aldeh^dic grouji 

I 

Other Less-knonvn Disactuiarides. | 

Glucoapiose (-'nH^oOio is contained in the j 
glucoside apiiii It has not yet been isol.itcd, as ' 
hydiolysis of apnn by dilute acids ;yields only ' 
a[)iose and glui o-apigeiiin, and enzymes aic ' 
without action i 

Galacto arabinose was obtanu'd by Rulf and I 
Ollcndoif (Ber 32, 352 , 33, 1800) by oxidation 
ot lactobionio acid from lactose It is a clextro- ' 


give an osazone Acid hydiolysis yields ghu ose 
and xylose. Its constitution is theicfoie giviui 
as — 

CH 2 ( 0 H) CH(OU) CHjaH(OH)l> oil 

O—CH [(41(()H)|, oil 011.(011) 
O 

Strophantobiose Oi2H22i%o obtaimd m the 
foim of the methyl- derivative from the gliu oside 
sfiophantin (Eicst, Ber 31, 535 , 33, 2()()3, 

20(i9, 2091) It foims colourless crystals, m p 
207° , docs not reduce Eehling, ancl is not tei- 
mcntable Acids hydrolyse it to mannose, 
ihamnose, and nu'thyl alcohol 

Vicianose Oull^oOio is piepatcd by Bei- 
trand and Weisweiller (Oornpt lend 1910, 150, 
180) by hydrolysing the glucoside in the seeds of 
Vicia anqnstijoha by the cn/yme occuunig in 
them It crystallises in agg legates of small 
needles, m about 210° , has la^^^|4-39 7°, the 
initial value being mueli liighm It i educes 
hchlnig, and is conv cited into dcxtiose and 
aiabinose on hydrolyMS 

Diglucose from amvgdalm When amyg- 
dabn is hydiolysed by tin digestive juue of 
II (III poniatidy the fust product is a biose ob- 
tained as an amorphous powder 9’his is non- 
feimentable, and does not leduce Ei'hling s 
solution . it piobably has a constitution le- 
scmbling that of tichalose (Uiaja, Compt. lend 
1910, 150, 793-790) 

T RTSAC 'i'll ART DES 

Mannotriose obtained liy the 

action of either nivcitase oi acetic .it id on 
mannotetioso (stachyose) It is a colouilcss, 
faintly sweet ciyslalbne .substance, m ]> J50’ 

[a]j^4-lb7° It leduces Eehlmg’s solution 

Biomine oxidises it to mannoti ionic acid, wlm h 
is hydrolysed on warming with acids to 2 mols 
i/-galaoto.so and 1 mol gluconic acid It is 
slowly hydrolysed by cmulsin and liy some 
yeasts, and is then feimcntcd, but wlu'tlicr 
ccmiplctely so is not known 

The ijlK'iiylo.sazone has m p Ii)2°-194°, 
.accoidmg to Ncubeig, ancl 122^ as givt n b/ 
Tamct Biciiy (Compt lend 1911, 152, 405) 
tonliims m p 122°-124° 

Rhamniiiose Cihll340ii is only obtained lioni 
the glucoside xantlioihamiun jncHiit m tlie 
IVisian berry {llliantn us injulona) In addi- 
tion to the glucoside, tht' fruits contain an 
enzyme, tcimed rhamnmase, wlntli li^ydiolyscs 
it to the tiisacchaiide and ihamnctin Rhamni- 
iiose foims colouilcss crystals of faintly sweet 
taste, m p. 135°-140°, [a|^— 41°, it leduies 

Fehlmg’s solution Acids liydiolysc it to 
galactose and 2 molecules of ihamnose Sodium 
amalgam icduccs it to the alcohol ihamnmitol 
[a]^— 57°, which IS hydioly.scd by acids to 


lotatory syrup the phenylosazone has m p 238° 
Glucoxylose. By hydrolysis of the glucoside 
dihenzoylqlacojiylosef occurring in Davicsia lali- 
foluiy the caibohydrate glucoxylose C11H20O10J 
IS produced as an amorphous horny mass, very 
soluble in watei (Power and Salway, Chem Soc 
Trans 1914, 105, 707, 1062) It has [a]j^-36°, 
does not reduce Fehlmg’s solution, and does not | 


dulcitol and 2 molecules of ihamnose Biomine 
oxides lb to ihammnomc acid (^%s 1132^)45, which 
18 obtained, mixed with its lactone, as an amor- 
phous substance ; m p 125°, [a]^ — 94 3°. It is 

hydiolysed to 6(-galactonic acid and ihamnose. 

This behaviour points to the two rhamnose 
residues being united in the trisaccharido, but this 
disacchaiide has not been isolated. Rhamniiiose 
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IS not fermentable, and enzymes aio without 
action The octacotate has m p. 05°, 

Gentianose CigH 32^16 found m the roots 
of a number of gentians, fiom which it is pro- 
paied by extracting the fiesh loots with 05 p c 
alcohol It ciystallises in colouiless plates, 
m.p. 200°-210°, tastes faintly sweet, and has 
[a] j, -I- 5 1-2° to f 4°. 

It docs not leduce IVhling’s solution, but is 
hydrolysed by acids to laovuloso and 2 mol(‘- 
ciilos of dextrose, the linal product having 
[aJi)— -20 2°. The enzyme invertase hydrolyses 
it to Levulose and the disacehande gentiobiose, 
that of Aspergillus nigcr coiiveits it into dextrose 
and sucrose. 

RafTinose (also termed meUtosCy gossypose, 
mchfnosr) was first discoveied by 

Johnston m 184‘1, m the manna fiom KucahjpliL> 
manniferay found in Tasmania, It is often 
found 111 considerable amount in the sugar beet, 
where it was discoveied by Loiseau , Ritthausen 
found it in cotton-seed cake , it is also present 
in wheat and in oats To piepaic' laflinose from 
molasses, stiontium oxide is added until a mole- 
cule IS picscnt for evciy molecule of suciose 
After gome hours, the strontium sacch.irate 
formed is separated by filtiatiori and the liquid 
heated with excess of stiontia, whereby the 
raliinoso distrontionate is precipitated The 
btrontia compound is decomjiosed by eaiboii 
dioxide, the solution concentrated, and the 
process repeated to leinove most of the suciose 
The sviup linally obtained is dissolved in hot 
alcohol , the pioduct which separates on coolmg 
IS kc])t undei alcohol in a closed vessel, when 
laffinosc slowly crystallises 

According to Hudson and Harding (J Amer 
Chom 80 c 1914,30,2110), cotton-seed meal is 
extracted with water, and, after puiillcation, the 
solution IS evapoiated and barium liydrate 
added The barium lalhnate is powdered and 
washed with methyl alcohol The barium com- 
pound IS suspended in water and decomposed 
with the exact amount of 50 p c phosphoric 
acid The filtrate is completely fieed from 
barium by sulphuiic acid, and concentrated in 
a vacuum, seeded with laliinose hydrate and 
left to crystallise IJic yield is 4-5 p c of 
the weight of cotton-seed meal employed 

Raflinosc forms small needles, soluble m 6 
parts of water at 10 ° , it is less soluble in 
ethyl alcohol than sucrose It is difficult 
to recognise when it crystallises with suciose 
The hydrate melts at 80°, the anhydious 
forms at 118°- 119° The optical rotatory 
power [a]|^ is -^-104° without muta-rotation 
It has no reducing action, and behaves exactly 
as sucrose Dilute mineral acids hydrolyse it 
to kevulose and mehbose • strong acids yield 
a molecule each of laivulose, dextrose, and 
galactose Invertase converts it into Isevuloso 
and melibiose, emulsin hydrolyses it to sucrose 
and galactose Accordmgly, the formula is 
established as . 

f^6Hn05-0-CeHioO,-0-CeHiiO, 

La* V ul ose Dextrose ^lactos e 

Sucrose. Melibiose 

The undeca-acetyl derivative has m p 100®, 

The analysis of raffinose m admixture with 


closely related sugars may be effected by means 
of selected enzymes For details of the method, 
see Davis (J Soc (ffiem Ind 1915, 35, 201) 
Melezitose {melicitose) CisHgaOie^^HgO, is 
found ill Brian^on manna, which is obtained as 
an exudation fiom the young twigs of the larch 
{Abie^ tanx ; Fi Meltzc) The manna from the 
Douglas fir consists mainly of melezitose 
(Hudson and 8herwood, J. Amer. Chem. Soc 
1918, 40, 1456) It was investigated by Berthe- 
lot (Ann (3iim Fhys [3] 55, 282) and by 
Alekhine {ibid [G] 18, 532). It is found also 
in taiaiiibin or tocnjdbme, an exudation fiom 
Alhagi maiuo? uuiy giowing m Afghanistan, 
Persia, and in the deserts of the East, and used 
in Northern India as a laxative (Villiers, ibid. 
[5] 12, 43) This substance is a brown, semi- 
solid mass, of a slightly sweet taste, due mainly 
to the presence of dextrose. To obtain melezitose 
from this if tieatcd witli foui 

times its weight of lukewaim water, and tlic 
liquid passed thioiigh a sievi to separate husks, 
leaves, &c , and after standing to alloAV of the 
deposition of eaithy mattei, it is evaporated to 
half its bulk. On standing lor a few days, the 
gieatei pait of the melezitose crystallises out 
The crystals aie redissolved m twice then weight 
of hot water, the solution heated on the watci- 
bath, dilutecl with its own volume of alcohol, 
heated to boiling to separate earthy and eo- 
agulablc matter, and tillered whilst hot On 
coohng, melezitose separates out and may be 
obtained pure by two or three lecrystalhsations 
It forms laige ihombohedral prisms 

which effloresce m an and become opaque , they 
lose the whole of then water at 110°. Dehy- 
drated melezitose has m j) 148°--150° , 100 pts 
of water dissolve of anhydrous melezitose 26*8 
pts at 17 5° , 34 4 pts at 25° , 75 6 pts at 100° , 
sjiaimgly soluble m alcohol, insoluble in ether. 
The rotatory power is [a||j k88 5°. Melezitose 
yields no ciystalline eomjioiinds with alkaline 
c liloiides On boiling with dilute sulphuiic acid 
it yields tiiranose and dextrose, the rotation 
falling to -l-()3°. Jt has no action on an 
alkalme solution of coppei, and is unchanged 
by diastase or yeast Nitric acid transforms it 
into oxalic acid without tlio intermediate 
formation of mucie acid It does not interact 
with plieiiyl hydiazme The undeca-acctatc 
^'i 8 lf 2 iDi 6 (DC 2 ll j)ii crystallises in sliimiig mono- 
clniic prisms, mp 170°, [aJ^^-hllO 1°. 

Stachyose {Maniwlctrose, Luptose) C 24 H 42 O 21 
was discovered by Schulze and Planta in the 
tubers of Stachys tubijeiay and thought to bo a 
trisacchande. Tanret obtained it from ash 
manna, and termed it mannotetrose It has also 
been found in the twigs of white jasmine and in 
the subteiiancan parts of Lamiurn album. It 
constitutes from 00-75 p c. of the dry matter of 
the stachys tubers The tetrahydrate crystal 
hscs m lustrous hard doubly refractive colourless 
plates {a h c=l 0512 . 1 . 0*4213, y=90° 46'). 
It tastes quite sweet and dissolves at 13° in 0’’76 
part of water. The anhydride has m.p. 167°- 
170°, [a]j)-hl48°, without muta-rotation ; the 
hydrate has [a]j)+133°. 

Stachyose is not acted on by Fchlmg’s solu- 
tion or by alkalis Acetic acid hydrolyses it 
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to IcTBVulose and mannotnose. Sulphuric acid 
converts it into 4 monosaccharides, viz. : 1 mole- 
cule Lnvulose, 1 molecule dextrose, 2 molecules 
galactose. By the action of nitric acid, about 
38 pc of mucic acid is formed Inveitase 
hydrolyses it to bcvuloso and mannotnose, 
which latter is 'slowly attacked by the emulsin 
of almonds or of Aspergillus nigcr 

Accordmg to recent work of Schulze, stachy- 
oso IS probably identical with the carbohydrate 
liipooso, present in Lupivin Intrus and augusfi- 
fohu^, as lupeoRO has [a]j)4-148°, and gives the 
same products on hydrolysis 

Neuberg (Bi’oehem Zeitsch 1910, 24, 173) 
prepares it by pressing tlie jui(‘e from the tubeis, 
precipitating impurities vitli mcKuiic acetate, 
lemoval of the metal by liydiogiMi sulphide, 
neutralisation with ammonia, and concentration 
to a syrup, which is precipitated with alcohol 
The precipitate is dissolved m water, impurities 
precipitated with phosphotungstic acid, and 
the liltratc concentrated Banum hydroxide 
and alcohol aie added altein.itively After 24 
hours, the banum salt is collected, washed with 
alcohol, and decomposed by caibon dioxide. 
Reducing sugars are removed by this treatment 
and the stachyosc readily crystallises 

Polyamploses have been obtained from 
potato starch paste by the action of Bacillus 
Maerrnns (Schardingor, (diem Soe Absti 
1912, 1 181 , Pringslieim and Langhaiis, Ber 
1912, 45, 2533) Tetra-amylosc (CoH,ol> 5)4 or 
a-doxtrm crystallises in colourless hexagonal 
plates, [a]^-l-128°, hexa-amyloso or j8-dextrin 

forms rhombic crystals, ^ 30° On acetyla- 

tion hydrolysis of the dextrins takes place, 
and from the acetyl dciivativcs foimed diamyloso 
and tnamylose wore obtained 'llieso crystal- 
lise in needles, and do not reduce Fehling’s 
solution Rice staich gives similar delmito 
polyamyloses on dcgrad.ition (Piingsheim, Her 
1914, 47, 2565) 

1 \)L YSAOl ' HATllDES. 

Glycogen (CgTIjoGs)/?, the reseive eaibo- 
hydrato of the animal organism in which it 
appears to take tlu' place of staich. is a regular 
constituent of all developing cells It is present 
m the liver up to 10 p c and in muscle 

Preparation — Liver is linely minced and 
thrown into boiling water acidilied with acetic 
acid The coagulated proteins aie filtered olT, 
and the remaining proteins precijutated from the 
filtrate with trichloracetic acid or potassium 
mercuric iodide (Briickc’s reagent) Glycogen 
IS precipitated from the filtrate with alcohol 
Fresh finely minced liver is extracted for 
2 hours with boiling 60 p c potassium hydroxide 
An equal volume of 95 p c alcohol is added to 
the clear filtrate, containing 15 p c KOH, and 
the precipitated glycogen washed with a mixture 
of 15 p c KOH and 2 vols of 95 p c alcohol. 

It IS purified m cither case by solution and 
rcprecipitation with alcohol, and obtainf d as 
an amorphous snow-white powder [al^-|-19l°, 

soluble in cold water, giving an opalescent 
solution. It is not fermentable, does not reduce 
Fehling’s solution, and is not acted on by alkali, 
even by concentrated solutions at the boiling- 
point. With iodine it .gives a brown-red 


colouration. Acids hydrolyse it ultimately to 
dextrose, but dextrins and maltose are formed 
as intermediate products Diastase deiived 
from either plants or animals also converts it 
into dextrins and maltose {see Tebb, Joum. of 
Physiol 1898, 22, 423) 

Glycogen may be obtained from yeast fieo 
from nitrogen, yeast-gum, and ash (Harden and 
Young, Chem Soc Trans 1912, 101, 1928) The 
crude preparation fiom yeast is freed from nitro- 
gen and ash by repeated solution in water and 
repreciyntating with alcohol , the yeast-gum is 
removed by dissolving the crude glycogen in 
water and saturating with ammonium sulphate 
several times The last traces of ash are removed 
by several repi ocipitations from water by 
alcohol 

To estimate glycogen, the tissue is minced 
and boiled 2-3 hours with 30 p c potassium 
hydroxide The solution is diluted, filtered, and 
precqntatcd with alcohol The glycogen is 
again dissolved in dilute alkali and precipitated 
with alcohol Finally it is dissolved in water 
and estimated by hydrolysis with acids into 
dextrose (1 pait — 0 927 part glycogen) or 
with the polarimeter 

A 5 j) c .solution of sterilised glycogen 
treated with a potato culture of Bacillus 
mac era ns at 37° G. gave two crystalline cyclic 
polysaccharides {dcvtrin-fi- or 0-hexa-amylose 
(25 p c ) and dexfrin-a- or tcha-ainylose (75 p c )) 
See Fringsheiin and Lichtenstein, Bcr 1916, 49, 
364 

Inulin. Inulm is widely distributed as a 
reserve material in plants having tubers or 
tuberous or fiesliy roots, particularly in the 
autumn in dahlia lubei^, dcrusdiun arfidioke 
chicory, garlic, onions, and other plants and 
bulbs 

To prepare it, a mash is made of the ripe 
tubers, a little calcium caibonate is added, and 
the mixtuie extracted with boiling water I’he 
filtiate is frozen and the sediment which separates 
dissolved in hot water and again fiozen Tanret 
advises precipitation with barium hydroxide, de- 
composition of this piccipitato with carbon 
dioxide and .subsequent precipitation with 95 p o. 
alcohol 

Inulm, precipitated by ahohol, is a compai t 
colourless powdei, resembling staich The 
molecular composition is uncertain, as the 
ordinary methods do not yield tru.stwoi thy 
results Kiliani gives (G 8 lI,o() 5 )g,H.jO , 
Blown and Moms, , I)ull, 

(^'o*tio 05 )i 8 ,H.jO , Tamet, (G^flioOs) ,n,5HoO 
Ft unfits at 178°, having [alo— 38° to -40°, sp gr 
about 1 5 Fri cold water it is sparingly soluble, 
but very soluble in hot water, and readily forms 
supensatuiated solutions It is precipitated by 
alcohol, when the poicentage of alcohol in the 
liquid roaches 65. 

The barium salt C38Hg203i*3BaO (Tanret, 
Comjit rend 116, 415) is insoluble 

Inulm IS hydrolysed by boiling the aqueous 
solution under pressure, by dilute acids, and 
also by the enzyme inulase, discovered by 
Reynolds Green, which is usually piesent in the 
same plant when m the germinating condition, 
but inert in the resting stage. In every case, 
Ircvuloso is the sole product of hydrolysis. 
Yeasts are without action 

A number of products are described ■ as 
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I<pviilins and Krvulans, which probably re- , 
present polyraendes of l.evulose of lower mole- j 
cular weight than inulin j 

Manna is the dried saccharine exudation j 
from the stem of tlie flowering ash Fraxinns 
otnus and F. rofundi folia, small trees cultivated 
for the purpose in Sicily A vertical senes of 
oblique incisions is made m the bark when the 
trees aie about 10 years old, the juice slowly 
exudes and either dries on the stem (flake manna) 
or in wet si'asons drops from the trunk, where it 
is caught upon tih's oi cactus leaves, yielding an 
inf(‘nor vaiiety. Flake manna is obtained m j 
commeicc m buttle stalactitio pieces, about 
4“b inches long and I inch wide It is yellowish- 
white in colour, has a slight^ agreeable odour and 
a sweet taste It is used as a gentle laxative lor 
infants and < hildren 

It consists principally of mannitol (70-80 
p c ) oth( I constituents aie mannotetiose (12- 
lb p c ), mannotriose (b-IO p c ) which is foimed 
from m,innot(‘tiose, and small ipiantities of 
hexoses 

The teim is not restricted to the ash, and a 
number of Baccharine exudations of vaiying 
origin and eomjiosition are classed as ‘ mannas ’ 
Amongst these are the Peiaian and 'I'urkestan 
manna, derived from AUkk/i mamonttn oi camt- 
lonim , the tamarisk manna, also of IVisian 
origin, fiom the Tamar n (jallaa, oak manna, 
piocuKsl from Qucrcu^ ralonia and Qiarcas 
]>rrsini'y m Kuidistan , Australian manna, 
Eurnh/})tHs vnnnialrs , Brian(,on manna, from 
the lardi, Larir in Southein Fiance, 

Astiagalus manna, from various specu's ol 
astiagaliis in fVrsia 

A — F von fnppmann. Die (4iemie 

der Zuckcraiten, ‘Ird c‘d 100 i , L Ma- 
quenne, L(‘s Sucies et leurs principaux dt' lives, 
J*aiis, 1000; F Fianklancl Armstrong, The 
Simple Farbohydrates, London, 1010, F 
Fischer, flntersuchungen uber Kohlenhydrate, 
j.S<i4-l 008, Berlin, 1000 F F A 

CARBOLIC ACID Phnwl C\Rr. OH 

Occiouurc and Formation — Carbolic acid 
occurs in small quantities in eastoreum (Wohler, 
Annalen, (>7, 8b0), in unne (8tadclci, tbtd 77, 
18), and is a constant product of the putiefaction 
of albumen (Baumann, Ber 10, 085) It is 
formed when organic substances are strongly 
heated, and is contained in the tars obtained by 
the dry distillation of bones, wood (l)uclos, 
Annalen, 100, 103), shale (brown coal), and coal 
(Kunge, Pogg Ann 31, bO , 32, 308; Laurent, 
Ann (diim iMiys [3] 3, 195) 

The tar produced m gas manufacture was 
until the late war the chief source of caibolic 
acid. Owing to the demand for carbolic acid 
as a disinfectant and for the manufacture of 
dyes and explosives, it has become usual, m tar 
distillation, to collect a special fraction, the 
‘ carbolic oil ’ containing as much carbolic acid 
as possible before collecting the ‘ creosote oil,’ 
which contains the other phenolic constituents 
of coal tar The ‘ carbolic oil ’ begins to come 
over when the specific gravity of the distillate 
attains that of water According to Watson 
Smith (('hem 8oc Trans I88b, 21), ordinary 
Lancashire coal tar yields about 5 p.c by 
volume of crude phenols, containing 55 pc. by 
volume of carbolic acid crystallisable at ordinary 
temperatures 


(V)ke ovens are now constructed so th.at the 
tar produced during the coking of coal can be 
collected , the following data, having reference 
to the percentage of carbolic acid m such tais, 
are given by Lunge (Coal Tar and Ammonia, ed. 
1909), which has been largely drawn upon in the 
compilation and revision of this article . he says, 
‘ The tar from Hussener’s modification of the 
Farves oven gave 1 37 p c of pure carbolic acid , 
the tar from the Himon-Carv^s oven gave 0 05 
p c. of crude carbolic acid , and similar ovens 
woikmg with another kind of coal and at higher 
temperatuie gave 0.305 pc of crude acid 
The tai collected fiom blast furnaces, woiking 
with coal (law) and also that obtained fiom 
Mond and Dull jirodiiceis, contains a high 
percentage of phenolic constituents, but the 
quantity of carbolic acid piesent is very small ’ 

Carbolic acid can be obtained by fusing 
jiotassium benzenesulphoiiate wuth caustic pot- 
ash , the yield is propoitional to the temjieia- 
ture and quantity of alkali employed, and is at 
best (9() 23 pc of that theoietically possible), 
when 1 mol pro]) of the foinuu* is fused with 
0 mol j)ro])S of the latter at 252° (Caustic 
soda cannot be employinl jnstixid of potash, 
since only a pool yu'ld is obtained by its use 
(l)egener, 7 pi (3iem f2J 17, 391 

Farbolic acid can also be obtained by heating 
the diazo- comjxiunds of benzene with watc^r 

Prcpaiaiion — (.'aibolic acid is almost e\- 
clusiv(‘ly obtained fiom coal tar, and is worked 
up either from the sjiecial fraction known as 
‘ (‘arbohe oil’ or fiom tlu' oils mtermc'di.ite in 
sp(‘cih( gravity (sp gi - i 000-1 020) bcdvieen 
tlie light and heavy oils, that is, (list ilhng between 
170° and 230° The acid is jiresent also in the 
creosote oils, distilling between 240° and 270°. 

1 The jireparation ot caibohc acid from coal tai 
I is eflectcd by washing the oils obtained on dis- 
I tilling the tai with a solution of caustic soda, 
I s]) gr 1 075-1 100, when the tai ,i< ids are dis- 
i solved as sodium com])oundH and foim a luavy 
solution upon which tlu' now neutral oils float. 
Tt IS not advisable to use a stronger solution of 
caustic soda, as in that ease a consideiable 
quantity of najilithahme would also be dissolved. 
If it IS desired to extract carbolic acid only, 
without any of the higher homologues, the oils 
' are often washed fractionally For example, a 
1 quantity of caustic soda solution moie than 
enough to extiact all the eaibohe acid but in- 
sufhcient to take up all the ciesyhe acid, is 
em])loyccl, and the phenate of soda solution 
(Irawm oH is used to wash another poition of oil 
when the eresylate of soda is decomjiosed and 
the cresyhe acid is replaced by carbolic acid, and 
a solution consisting almost entirely of carbolate 
of soda is obtained 

Another method, suggested by Davis, is to 
employ, for the first wash, only onc-thiid of the 
quantity of caustic soda recjuired to extract all 
the tar acids when carbolic acid only is extracted. 
In many works, however, the whole of the tar 
acids contained in the light oil, carbolic oil, and 
creosote oil fractions are extracted, and after 
separating the tar acids in one of the ways about 
to be ilescnbcd, the mixture of carbolic and 
cresylic acids obtained is separated by fractional 
distillation. The phenate or carbolate of soda, 
drawn off from the oil is, in many C' ses, first 
purified by blowing steam through it. This 
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carries away naphthalene, neutral oils, and 
pyruline bases, and the blowing with steam is 
continued until the water condensing from the 
escaping steam eeases to have a milky aji^iear- 
ance 'Phe puiiHed phenate of soda is then 
treated with an acid to decompose it and set 
free the tar acids which float on the surfai e and 
aie either skimmed off or are separated m an 
apparat us similar to a Florentine receiver 

Formerly the decomposition was almost 
always effected by sulphurie oi liydrochloric 
ai id, in which case the soda was lost as sulphate 
or chloiide, whicli it did not pay to recover 
The moie common practice to-day, however, is 
to use carbon dioxide to effect the decomposi- 
tion Jf this IS used under pressure, eomplet(‘ 
deconi])OHition is said to bo effected, but more 
genmally the process is completed by the addition 
of a small (piantity of sulphuric acid , this is the 
more mai'ssary, as botli carbolic acid and 
ear bolatc' of soda air* mutually soluble in eacdi 
other 

'Phe separated solution of sodium caibonato, 
which cont.iins about 1 p c of carbolic and, is 
recaust K is(‘d with lime and is used ovei again 
to wash another quantity of oil A twofold 
saving IS tlius effected, m that the loss of the 
sodiT IS avoided and <ilso the carbolic ac id which 
remained dissolved in the sodium sulphate oi 
chloride solution, ancl was run to waste, is noiv 
rec'ovcred, inasmuch as it goc‘s forward with the 
regenerated caustic soda and is regained in the 
next washing ojieration. The crude carbolic 
thus obtained contains, besidc*s jihcmol (caibolic 
acid), about 1 1 to Iff j) c of watcu and variable 
quantities of eresylic acid It oceura m eom- 
meice in three qualitic's, known as 7ff s, ffO’s, and 
ffO’s crude carbolic acid, and its value is deter- 
mined by ‘Lowe’s’ test This is peiformed as 
follows 100 e c oi the crude tar acid is slowly 
clistilled in an S-oz glass letoit, and the leceiver 
IS changed when 10 e e ot oil luive come over, 
these 10 ee are ac coniji.inic'd by a varying 
amount of water, .ind liy reading the quantity 
of water obtained, the percentage of water is 
ascertained The distillation is eontmued until 
02 J e c. have eollc'cted in the graduated tube 
which IS used as a leceiver , the distillation is 
then stopped Tlie ()2^ c e <ire then cooled, and 
a minute crystal of pure phenol is dro])])crl into 
the tube, and the cooling continued until the 
contents begin to crystallise The temjieiature 
is noted when the crystallisation ajijiears to 
spread through the tube, and this is the measure 
of the quality of the carbolic acid 

ff'he pre])aration of pure carbolic acid from 
the crucle article is always commenced by a 
distillation in wrought-iron stills, fcjrmerly 
without a column, but at the present day 
fractionating columns are almost universally 
em])loycd 'Phe water comes ovei first and then 
the caibohe acrcl, which is collecffcrl apait, so 
long as it ciystallises on cooling Some un- 
crystallisab^^' acid comes over next, and the dis- 
tillation IS then stopped ancl the residue is 
mostly ])itch 

In some cases, a little strong sulphurie acid 
and potassium clichromate is aclded to the con- 
tents of the still The condensing worm must 
bo made of zinc, silver, or stoneware The 
distilla^') is allowed to cool and crystallise, and 
the crystals are drained from the liquid portion. 


either on a drainer or in a centrifugal machine. 
The liquid portion is either sold as hcpiid carbolic 
acid or is worked up again with the next batch. 
The drained erystals are treated with a small 
cpiantity of concentrated sulphuric acid and 
potassium dichromatc and redistilled, when 
‘ pure ’ crystallised carbolic acid of commerce is 
obtained. In some cases the separation of the 
last traces of eresylic acid is effected by adding 
a small quantity of water, and the mixture is 
cooled, when a hydrate of carbolic acid crystal- 
lises out ; this IS separated from the liquid 
portion, which contains the eresylic acid and 
the crystals are redistilled Water comes over 
first, and them the boilmg-jioint rises and pure 
carbolic acid distils over For medic inal 
])urpos('s, a hnal distillation in glass retoits is 
pel forme d 

— Pure carbolic acid crystallises 
in long, colourlc'ss needles, has a charactiuistic 
odour , medts at 12 ff® or t.‘F and boils at 178 5° 
(Fhoay, Fompt rcuid 118, 1211), Lunge (Foal 
ff’ar and Ammonia, 1000 ed 210), gives m.p. 
t2 2‘^ and bp 184*^ under 7f)0 mm. pressure. 
Ordmaiy ])ure earbohe acid of eommeice, 
\vhi( h contains tiaccs of cresols, melts at a somc- 
v\hat lowi'i ternpeiature and boils at 182"’ to 
I8F’ The s])ecilic gravity of carbolic acid at 
18° IS 1 0()ff (Laurent) ; its expansion for tem- 
peiatiire /° at 7t)0 mm [iiessure is stated by 
H. Kopp as follows — 

V/---1 t 0 0000744^ 1 0 000001721^2 

-0 OOOOOOOOOff0408F 

The preseneo of small quantities of irn- 
puiiti(‘S such as water, naphtlialene, or pyridine, 
materially loweis the melting-point. 4’ho led 
coloui of ordmaiy < ommercial acid seems to be 
induced by the presence of minute traces of 
metals, paiticularly lead (Meyke, Ber 10, 25111 , 
(f howcvei, Ebell, ihid 17, Rifferate Off, 
Hager, ihid, 18, Befeiato 111, Yvon, iffiarm. 
.[ Tians 1881,1051 , Rirhardson, J Soc Fhern. 
Ind 12, 115, Bach, Mon S(*i (A), 8, 508, 
Kraemer and Sjulker, Ber 1890, (>18) Farbolic 
acid IS a deliquescent substance, and in damp 
air forms a hydiate (Vl^ 0 H,H 2 O, which 
melts at 17 2° (Allen, Analyst, 3, 319). At the 
same time, howi'ver, it is not veiy rc'adily 
soluble in wati^r, 100 paits of water dissolving 
1 83 paits at 1 1° ; 5 30 parts at 35° , 0 19 ])arts 
at 45° , 7 33 parts at 58° , 1 1 83 parts at 77° , 
and at 84° both liquids mix in all proportions , 
whilst conversely, 100 parts of phenol dissolve 
23 3 parts of water at 9° , 20 75 jiarts at 32° ; 
31*99 parts at 53°; and 40 72 parts at 71° 
(Alexejeff, Ber. 10, 410) According to Ham- 
berg {ihid 4, 751), however, it dissolves in 15 
parts ot water at H)°-17° It is soluble in all 
propoitions m alcohol, ether, benzene, glacial 
acetic acid, glycerol, olive oil, chlorofoim, carbon 
disulphide, &c. The aqueous solution becomes 
colour ed violet by ferric chloride and is without 
action on litmus According to Kramers, a 
mixture of benzene, toluene, xylene, naphtha- 
lene, anthracene, and pherianthrene, is obtained 
when the vapour of carbolic aeid is passed 
thiough a rod-hot tube (Annalen, 189, 129) 
Two isomeric mononitrophenols are obtained by 
the action of dilute nitric acid (sp gr 1*34) 
(Fritzscho, ibid. 110, 150) ; and at a lower tem- 
perature, the para- and at higher ternperat ire« 
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the ortho- derivative appear to be chiefly formed 
(Goldstein, Ber 11, 1943) By the further 
action of nitric acid, dimtrophenol (Kolbe, 4, 
147, 07), and trimtrophenol (picric acid) (Schmitt 
and Glutz, ibid, 2, 52), result 

Chlorine (T^aurcnt, Annalen, 23, 00, 43, 209 , 
Faust and Muller, ibid 173, 303 , Benedikt, 
Monatsh 4, 233 , Benedikt and Schmidt, ibid. 
4, 000) and bromine (Kornor, Annalen, 137, 
200, 205, 20S, 209, 210 , Hubncr and Brenken, 
Ber 0, 171) convert carbolic acid at the 
oidinary temperatures into mono-, di-, and tri- 
flubstitiition derivatives, and at higher tempera- 
tures or in the presence of halogen carriers, such 
as antimony pentachloride, &c , into tetra- and 
penta- derivatives The nitro-, chloro-, and 
bromo- derivatives of carbolic acid are faiily 
strong acids, and the acid character increases 
with the niimbei of nitro- groups or chlorine or 
1)1 online atoms introduced into the molecule 
Iodine yields mono- and di- derivatives in the 
presence of mercury (Hlasiwetz and Wesclsky, 
Ber 2, 521) or lodie acid (Kornor, Annalen, 137, 
213) Sulpliuric acid convcits carbolic add 
into two isomeric monosulphonic acids (Kekule, 
Zcntsch f Chem [2] 3, 107), of vhich the orlho- 
acid IS the chief product at the ordinary and the 
para- acid at higher temperatures When heated 
with ammonium zinc chloiido at 2S0°-300°, 
carbolic acid yields aniline, together with di- 
phenylammc and phenyl ether (Merz and Weith, 
Rer 13,1299) When fused with caustic potash, 
salu'ylic acid, motahydro\y-benzoic and and 
two isomeric diphenols are formed (Baith and 
Schredcr, ibid 11, 1332), whilst fusion with 
caustic soda results in the formation of pyro- 
catechol (catcchm), resorcinol (icsorcin), and 
phloroglucol (phloioglucin) {ibid 12, 417) The 
behaviour of sodium and potassium phenates 
(carbolati‘s), when heated in a current of caibon 
dioxide, has been studied by Kolbe (J pr Ghmii 
[2] 10, 89 , (f aUo iSchmitt, J pr. (fliem [2] 31, 
410, 1) R P 29939, June 24, 1884), with 
sodium pheiiate, the reaction commences below 
100°, is most rajiid and com]jlcto about 180°, 
and continues iij) to the temperature of the de- 
composition of sodium salicylate wutli the forma- 
tion of that compound as sole jiroduct, but with 
])otassium jihcnate, salicylate is formed only at 
temperatures below 150°, whilst at highci 
temperatures the isomeric ])otassiiim paia- 
hydroxy-bonzoate constitutes almost the entire 
])Toduct , in these reactions, one half of the 
phenol is recovered When carbolic acid is 
heated with phthalic anhydride and a de- 
hydrating agent, such as zinc chloride or sul- 
phuric acid, it yields plienolphthalein (Bacyer, 
B('r 9, 1230 , Annalen, 202, 08) 

If the acid is heated w'lth oxalic acid and 
sulphuric acid, it is converted into coralline 
(Zulkowsky, Annalen, 194, 119, 202, 184), 
from winch pure aurine can be extracted by 
suitable methods (Dale and Schoilemmer, ibid. 
196, 77), whilst benzaiirme results from heating 
carbolic acid with bcnzotrichlonde (Doebner- 
Ber 12, 1462) 

Jlfdctioivi — (1) In aqueous solution, carbolic 
acid gives a violet colour with feme chloride; 
this, however, is ncithei developed in very 
dilute solutions (Sarauw, Ber 15, 46) nor in the 
yiresenco of alcohol (Hcvsse, Annalen, 182, 161) ; 
lim’t of sensitiveness, 1 in 2000 (Polacci, Ber 


7, 360) (2) The aqueous solution, on treatment 

with J vol. of ammonia and then wnth a few 
drops of an aqueous solution of bleaching powder 
(1 part m 20 parts of water), gives either at once 
or on standing a blue colouration ; limit of 
sensitiveness, 1 in 4000 (Salkowski, Zeitsch. 
anal Chem 11, 31b). (3) Bromine watei, 

added to an aqueous solution of carbolic acid, 
gives either at once or on standing a yellowish - 
w^hite flocculent precipitate of tnbromophenol 
bromide (Landolt, Ber. 4, 770) ; limit of sensi- 
tiveness, 1 in 43,700 (ibid ), 1 in 80,000 (Lunge) 
(1) A solution of carbolic acul assumes a deep- 
led colour when boiled with one-third to one-half 
its bulk of Millon’s reagent (a 10-15 p c. solution 
of mercurous nitrate containing nitious acid) , 
limit of sensitiveness, reaction distinct with 1 m 
60,000, and still appicciable with 1 in 200,000 
8alicyhc acid gives a similar reaction (Plugge, 
Zeitsch anal Pheni 11, 173, Alrnen, J. 1878, 
1079) 

Qua ill dative Estimation — Caibolic acid occurs 
in commerce m different qualities , as ciude acid, 
as liquid acid, and as crystallibcd acid of vary- 
ing d(‘grces of purity The jiercentage of phenols 
in (iiidc caibolic acid (an bo apyiroximately 
determined by shaking it with twice its volume 
of 10 p c soda ley adiled gradually , the scpaia- 
tion of the oily and aqiK'ous layers becomes more 
accurate if a known quantity of petroleum spii it 
equal in volume to that of the layei of indiffer- 
ent and resinous substances, is added, and the 
amount added aftci wards deducted. The 
phenols are estimated in a jioition cjf the aqueous 
layer by tieatmcmt with hydrochloiic acid and 
subsequent addition of salt to ensure a complete 
scjiaration. Sucli a correction is, liowcvcr, 
baldly called foi, since the yihcnols will dissolve 
about* as much watci as the ivater will dissolve 
plumols (Beckiirts, Arch Pharm [3] 24, 572). 
Bc^ckiirts {ibid [3J 24, 580) also states that 
Koppeschaar’s method (v infra) gives satis- 
factory results for testing liquid caibolic acid 
when the specimen is free fiom ciesola Cas- 
thclaz (Bull 8oc Plum 42, 574) tests measured 
samples of ciiiclc oi liquid carbolic add in tubes 
with water, with siilphuiic acid (1 to 1 ), and with 
soda solution (1 part sod.i Icy (sj) gr 1 38) to 
9 parts of water), and finally fr.ictionates a 
fourth sample 

The exact quantitative estimation of caibolic 
acid in the puic pioduct is always made by pie- 
cipitating it with biomine The composition of 
the yirecipitate was believed to be tnbromophenol 
(Landolt) until it was ascertained by Benedikt 
that uncler certain conditions it was partially 
composed of tribromphenol bromide {cf 
Weinreb and Bondi, Monatsh 6, 506). Kop- 
peschaar’s method (Zeitsch anal Chem 15, 
233), the one usually employed, requires the 
following solutions , (a) solution of sodium 

thiosulphate equivalent to a solution of iodine 
containing 5 p c. (ff iodine , {b) solution of 

starch , (c) bromine water (titiated with pure 
caibolic acid), or yircfcrably a solution of bromine 
m caustic soda prejiared by adding an excess of 
bromine to the soda and subsequently removing 
the excess eithei by boiling (Allen, J vSoc Chem 
Tnd 1884, 64) or by evaporating the solution to 
dryness and again dissolving in water ; (d) solu- 
tion of potassium iodide containing 125 rrams in 
the litre The process consists in treating 26 c.c 
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of the aqueous solution ot carbolic acid (4 grams 
in the litre) with 100 c c. either of the solution of 
hromate and bromide with 5 c c. of concentrated 
hydrochloric acid to liberate the bromine, or of 
bromine water in a stoppered bottle, which is then 
well shaken, allowed to remain for 15 minutes, 
treated with 10 c c of potassium iodide solution, 
again shaken, and titrated with thio-sulphate. 
The leactions involved are the following — 

I OH+llBr^^CgHaBraOH-f 3HBr 
II Cfltl's OH l-4Br3=C8ll2Br3 OBr+4HBr 
Til CeHgBra OBr+2kl=(yi2Br3 OK+KBr+Ia 
(Weinrob and Bondi, / c ) , so that, as Beekurts 
])nints out (I c infra), the assumption made by 
Kojipeschaar in the ])reeeding method, that 
6 atom, props of bromine enter into combina- 
tion with I mol prop of phenol, is m practice 
correct Beekurts (Aicli Jdiarm [3] 24, 502) 
gives the following as the best mode of esti- 
mating caibolic acid The solutions employed 
are {a) 1120 normal potassium bromide (5 930 
grams m the litre) ; {h) centmormal potassium 
brornate (1 (lOO grams in the litre) , (c) potassium 
iodide solulion containing 125 grams in the 
litie , [d) decmormal sodium thiosulphate (24 8 
giams of Na 2 S 203 , 5 lf 20 m the litie) Bor the 
titration, 25 to 30 c c of the phenol solution (1 
111 1000) aie treated with 50 c.c. each of the 
jiotassium brornate and bromide solutions, 
shaken with 5 c c of concentrated suljihuiic 
acid, allowed to remain 15 minutes, treated with 


Ones . — Carbolic acid has powerful antiseptic 
' properties and is used on the large scale as a dis- 
j infectant. Largo quantities of carbolic acid are 
i also craployeil in the manufacture of salicylic 
! acid , whilst m the colour industry, a considerable 
I demand for the acid exists, inasmuch as it is the 
source of picric acid and coralhne, and it is used 
; in the preparation of some azo- colours Phenol 
' has, of late years, been very largely used foi the 
' preparation of modern high exiilosives ‘ Lydd- 
' itc ’ and ‘ melinite,’ consisting very largely of 
piciic acid and picratcs, althougli trinitrotoluene 
appears now to be replacing piciic acid Phenol 
forms condensation products with formaldehyde 
winch are bodies of n'smous appearance and 
properties, and which are proposed as substitute's 
for natural gums and shellac 

Compound with Mclah — Potassium phenate 
OK, formed by dissolving potassium m 
carbolic acid (Hartmann, J. pr ('hem [2] 10, 
30), or by heating carbolic acid with caustic 
potash (Baumann, Ber. JO, 080), crystallises m 
slender white' needles, readily soluble in water, 
alcohol, anrl ether Se)elium phenate ran be 
prepared by similar metheids anel may bo used 
in the manufacture of salicylic aeud and as a dis- 
infectant Compounds with barium (Laurent) 
and lead (('alvert, Zeitsch ('hem J8()5, 531) 
have alse) lieen dcsciibed. W H C. 

CARBOLINEUM. A preparation of crude 
carbolic acid Used as an antiseptic and 


10 c c of the potassium lodiele solution, anel 
finally titrated with thmsulphaie to estimate the 
amount of leidinc liberateel The calculation is 
simple • from the 50 c c each of brornate and 
biormdc solulion, 0 2307 gram of bromide is 
libeiate'd by the sulphuric aciel, anel this is 
capable of eonveuting 0 ()4()0 gram of eaibolic 
acid into tiibromophemol , I c c erf the de'ci- 
normal thiosulphate is ee[uivalent to 0 008 gram 
of biomme, a epiantity eapable of feinvcrtmg 
0 00150 gram e arbolic acid into tnbromo- 
])henol , multiplying now 0 0015b by the 
numhe'r of c c of thiosuljihate useel, and sub- 
tracting the product from 0 0460, gives the 
weight m grams of phenol in the quantity of 
solution oiiginally taken This process is 
accuiato whenever solutions of pure carbolic 
acid, or mixtures freim wlueh the pure ae lel can 
bo separateel, are to be tested, but it fails in all 
cases (e (j ciude carbolic acid) when either 
plu'neils, particularly c resells, are also present 
Methods for the estimation of eatbolic aciel have 
also been pie 3 ])osed liy Waller (Chem News, 43, 
152), Degener (J pr Chem [2] 17, 300), and 
(lhandelon (J vSoc Chem. Tnd 1882, 203) ; but 
these are inaccurate (Beekurts) Other methods 
have been proposed by Moeik (Chem Zenlr 
1904, H 1704) , IMessingcr and Vortmann (Ber 
1890,2753); Schryver (J Soc ('hem Ind 1899, 
553) ; Weiss and Downs (J Ind Eng ('hem 
1917, 9, 509) , Fox and Barker (J Soc Ohem 
Ind 1917, 30,842; idem 1918, 205 T); and 
Petrie {id fin ^919, 132 T ) A biological method 
for the determination of phenol has been pro- 
posed by Blyth and (loodban (-1 Soc Chem. 
Ind. 1907, 032), and an lodometiic method by 
Skirrow {ibid 1908, 58) ; and Wake and Inglis 
have investigated the iodine values of the 
phenols {ibid 1908, 315) A method has been 
devised by Allen for determinmg phenols m 
carbolic soap (Analyst, 1880, 103) 


preservative 

CARBON. Sym. L At wt 12 C'arliori 
boils at 3000® (Violle, (bmpt rend 1892, 115, 
1273, 1895, 120, 808) ('arbori occurs in 

nature m the free state, and very abundantly 
111 cornhimition, notably m the foim of carbon- 
ates, and as an I'ssential constituent of organic 
bodies In the free state it is a solid, witliout 
taste oi smell, exhibiting great diversity m the 
physical chaiacteiistics of its three allotropic 
forms — diamond, gra])hite, and charcoal 

The diamond, iij) to the time of Bergman, 
was supposed to bo a kind of rock-crystal, al- 
t bough Newton regarded it as probably an 
unctuous subslaiice coagulated It w^as shown 
to be combustible by the memhers of the 
Aeaclemy del ('imonto in 1694, and Lavoisier 
pioved that the sole product of its combustion 
was carbon dioxide He had previously asci'r- 
tamed that this gas wms a compound of oxygen 
and an eli'inent to which he gave the name of 
raibone, font<unod m coal and wmod (baphitc, 
as its synonyms, blackload and plumbago (from 
the Italian qrajw piowbino — the writing lead), 
imply, was long considered to bo a kind of lead, 
oi as related to antimony , Bcheele legaidcd it 
as a compound oi iron and cailion , Kastner 
proved that it was essentially eaibon Farbon 
combines diiectly with hydiogen at 1100®-120()®, 
forming hydroraibons (Bone and Jeidan, Chem. 
Soe Plot 1901, 162 , Bono and (!owaid, ibid 
Trans 1908, 1975; 1910, 1219, Pioe 1908, 

222, Pnng and Hutton, Tians 1906, 1591, 
Prmg, ibid. 1910, 498) At high temperatures, 
such as the eloctne furnace, it is dissolved by the 
alkaline earth carbides and by rhodium, indium, 
palladium, and platinum (Kahn, (k:)mpt rend. 
1906, 143, 49 ; 1907, 144, 197 , Moissan, ibid. 
122, 1479). At the temperature of the electric 
aic, carbon reduces alumina (Moissan, ibid. 
1894, 119, 935). 
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ManufacAurp of Wood Charcoal — Tho earliest 
plan of coahtKj inxxl, as the rnanufaetuie of 
charcoal was t(‘rnH‘cl and is still 
call(‘(l, IS (ariied on as follows 
A piece of gionnd is levelled at [ 

some convenient spot in the forest, 
which IS termed tho ‘hearth’ or 
‘ earth ’ In the centre of this a j 

thick ])ol(‘ or bundle of brush- \ I KS t 

wood IS pl.ued, around which the 
wood IS arian|:^ed, some of tho '*^**’^ 
puses bein<^ laid hoii/ontally and v 

otheis set up at an inclination, Fio ] 

or the wood may be jilaced 
altogether at any steep an<rl(‘, slojiincf oiit- 
w.irds from the ciMitre to form a ilattened 
cone, which, wlu'n (omplete, is usually called 
a heap , tlu‘ objis t, whicluwi'r way the wood 
IS ])laced, is to obtain a fiee circulation of 
air iindcT the hea]) to communicate with the 
chimney in the ceiitu', which is foimed by 
thcui withdiMwiiig the csuitre ])olc‘ oi bundle 
of biushwood '^riu* hiiijje wood should, if con- 
venient, b(‘ at th(‘ bottom ot th(‘ hc'ap, and the 


metier ’ (Figs. 2 and 3) Both are distributed m 
much tlie same way. 










I In distiiets where the wood can be trans- 
I portcsl by means of rivers or mountain slides, 
j a dry flat space must be pitched ujion (scrc'cned 
I irom storms and Hoods), which may be walled 
round, having a slight declivity made m the 
ground towaicls the* centre (e Fig i) Into this 
sfiace tho tarry acid will partially fall, and may 
be condutteci outwards through a covered guttci 
bcuieath into a covercul tank The mouth of the 
bulk must be shut dining the coking with an 


outside pac kc'd as close* as jiossiblc* , the hc\ip iron or stone slab, lutc'd with clay A squaio 
IS Ihc'n covcuc'd with small brushwood, and iron plate is plac(*d ov(*r the mnc'i oiilice ot the 
afterwards with tint, or the* material most im- gutter to ]iicvcnt it bc'irig choked with coal ashes 
])civious to an which can be conveniently ob- Fig 4 rejuesents a walled rnah r sbition 
tainc'd A fire is lightcsl in the centic* c himnc*y, a, the st.ition , h, the guttci , r, the tank, which 
and by l('avmg openings m the outside covering is covered with the slab c7 , c, a slab which 


at the* bottom of the hesap, the fire soon extends, 
and c <in be guidcsl to any pait by making tc‘m- 
poraiy openings to admit the air Whc*n the 
licsap IS sufficiently tircsl, all the o[)c*nnigs aie 
c losc'd, and histly the chimney it.scHt The* ine 
will alw.iys c'xtend most rajiiclly on the* side 
fac mg or towards the wind, and grc*at csirc* must 
be* takc*ri to watch and chcc*k this, by kcs'jnng 
the covering on th<it side m good ordc'r The 
charcoal burner must .dways be* carc'ful to spread 
the fire as c*vc‘nly as possible through the heap, 
and aftc*r it is c'oalc'd to slop it down carefully , 
he can always accelerate the process m any jiart 
of the hc‘aj), if wc*ll built, by o^ienmg the* outside 
to admit air frc*c‘ly, but if he tmcls this does not 
act, from any fault m scdtmg the wood, he h«id 
better ofren a hole with a bar at the pl.ice rc*- 
cpiired, and light a fire m the hole , this will 
soon communicate with the mam fire m the* 
heap As soon as the smoke and white llaine 
cease* to escape at the vents, the whole hcaj) 
must be* closed from the air as carefully as 
possible* until the charcoal is quite c'oolcd, and 
IS re.idy to draw 4’hc tire must never burn too 
fast , the slowei the ])roe*e‘ss, if the fire is steady 
and regular, the better the yield of charcoal 
Hard closc-gramcd woods t.ikc* a longe^r time to 
coal than soft ope*n-gramed woods, and should 
be Jilaced m the heap accoidmgly These tech- 
nical instructions, handed elown m the forests 
for ages as secrets from father to son amongst 
the ‘ coalliers ’ m evi'iy countiy m Kurope, are 
the results of long practical ex]>orience, and 
strictly accord with the true pimcijiles on whieli 
the jiroccss is based 

To carbonise wood und(*r a movable cover- 
ing, the plan of incilrr, or heajis, is employed 
m Geimany. Tho wood is arranged cither in 
horizontal layers or m nearly vortical ones 
with a slight slojie, so as to form conical rounded 
heaps of difTerent si/cs The former are called I 


s(*ives to keej) the guttci deal of coals The 
cov(‘i of the hea])s is formed of earth, sand, 





Fig 4 


ashes, or such other matter as may bi* most 
leadily found m the woods They should b(* 
kindled m the centie Fiom b days to 4 w'(*(‘ks 
may bo re<j lined for chan mg a heaj), according 
to its size, hard wood requiimg moie time, and 
the slow(*i th(* ])ioc('ss the b(*tter and greater is 
tho pr’oduet, g(‘n(*ially s]i(*akmg 

Ghairmg of wood m mounds {haiife or 
Itfifcndr nxtk<) (Figs 5 and (>) ditfeis from 
that m the mcilrr, b(*(*aus(* the wood m the 
hditfp is successiv(*ly chaiied, and tin* charcoal 



Figs 5 and 6 


13 raked out little by little. The jiroduct is 
sard to be greater m this way, and also better. 
Uricleft billots, b or 8 feet long, being laid over 


‘lying ynciler' (Fig. 1); tho latter, ‘ standing each other, are cov**rcd with ashes, and then 
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carbonised The station is sometimes horizontal 
and sometimes made to slope The length may 
be 24 feet, the breadth 8 feet, and the wood is 
laid crosswise. Julies are set p<‘ipendieularly to 
support a roof made of boughs and leaves 
covered with ashes. Pijies are oeoasionally laid 
within the upper paiis of the mounds, which 
serve to catch and carry olT some of the liquid. 

Fig. 7 IS a vertical section, and Fig 8 a half 
bird’s-eye view and half cioss-section at the 
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heiglit of the pit bottom, of Chabeaussiere’s 
kiln foi making wood chanoal a is the oven , 
hy vertical air-])ipes , r, r , horizontal flues for ad- 
mitting air to ih(^ kilns , d, d, small pits which 
eommunieate by shoit horizontal jiipes, ( ^ e, with 
the verti(*al ones , /*, the solo of the kiln, a circle 
of biiekwork upon which the cover or hood h 
reposes, i, a jupe which leads to the eistein / ; 
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ly the pipe destined for carrying off the gaseous 
matter ; 7n, w, holes in the iron cover oi lid 
The distribution of the wood is like that in 
the horizontal rnpiler or heaps ; it is kindled in 
the central vertical canal with burning fuel, and 
the lid IS covered with a few inches of earth 
At the beginning of the opeiation all the draught 
flues are left open, but they are progressively 
closed as occasion requires In 8 kilns of 
this kind 500 decasters of oak wood are car- 
bonised, from which 15,000 hectolitres of char- 
coal are obtained, equal to 04,000 lbs French, 
being a^^out 25 pc, besides tar and 3000 velts 
of wood vinegar of from 2*^ to 3'’ Baume, 


At Ciouy-upon-the-Ourcq, near Mcaux, there 
IS a well-constructed kiln for making turf-chai- 
coal It rt'semblcs most nearly a tar kiln. In 
Fig 0, a IS the eylindiical coking place whoso 
surrounding walla are heated by the llamc which 
passes through the intermediate space b. The 
place itsi'lf IS divided by partitions of fire tiles 
into thiee stages, through the apertures in which 
the flames of the fire, c, c, rise, and heat the 
exterior of the eoking apartment In older to 
confine the heat, there is in the enclosing walls 
of the outer kiln a i ylindiical hollow space, d, 
where the air is ki'pt stagnant Through the 
apertures left in th(‘ iippci end at r, the tiiif is 
introduced ; they are ilicii shut with an iron 
plate, /, which is ( overed with aslu's oi sand 
The fireplace opens above this aju^rtuie, ami its 
outlet IS piovifhd with a movahle non (over, q, 
111 whu h theie is a small holi‘ for the issue ot 
the gases 1'he soh' of the kiln (onsists of a 
cast-lion slab, h, which may lx* raised by means 
of a hook, /, upon it This is drawn hack aftei 
the cai bonisation is rompk'frsl, whcichy the 
chaHoal falls fiom the coking sjck’C into a 


r r, 



Fig. 9 Fro 10 Fig. 11. 


subjacent vault The volatile products are 
earned off by the pi])c A, and led into the con- 
dcmsing cistein, the gascss escaping to the fire- 
place, where they are burned The iron slab is 
protected from the coriosion of the acid vapours 
by a layer of coal ashes. 

Charcoal obtained by the ai f ion of a rapid 
fire 111 close vessels is not so solid and so good ta 
fuel as that whu h is made in the ancient way 
by the slow c<ilcination of pyramidal piles 
covered with earth. According to Juon (Stahl 
and Kisen, 1904, 24, 1230), this is due merely to 
the difference in temperature of the two pro- 
' cesses, the higher temperature used in the heap- 
made carbon increasing the caiboii content 
I One of the most economical ovens for making 
j wood charcoal is that invcnt(‘d by M Foucauld, 

I which he calls a shroud or ahri To construct 
I one of those, 30 feet in diameter at the base, 

I 10 feet at its summit, and from 8 to 9 feet high, 

I he forms, with wood 2 inches square, a frame 
j 12 feet long, 3 feet broad at one end, and 1 foot 
I at the other end. 

The Figs. 10 and 11 will explain ^he 
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construction. The uprights, A, b, and o, d, of this 
frame are furnished with three pairs of wooden | 
handles, a, u, by means of which they can bo 
joined together, by passing through two con- 
tiguous handl(‘S a wooden fork, the frame being 
jireviously provided with props, as shown in 
Fig. 11, and covered with loam mited with 
grass A flat cover of 10 feet diameter, made 
of planks veil joined, and secured by four cross- 
bars, is mounted with two tiap doors, M, n 
(Kig 12), for giving egress to the smoko at the 



commencement of the opeiation , a tiiangular 
hole, r, cut out in the cover, icceives the end of 
the conduit, q, k, s (Figs 12 and 13), of wood 
formed of throe deals destined to convey the 
gases and iond(‘nse(l liquids into the casks i’,o,ir 


Q R 
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Lastly, a dooi, t, which may be opened and shut 
at pleasure, permits the opi'rator to inspect the 
state of the lire The charcoal calcined by this 
abri h<is been fouiul of superior quality 

When it is wished to change the place where 
the ahri is erected, and to transport it to a stoic 
of new-felled timber, the fiame is taken down, 
after boating off the clay which covers it , the 
joints are then cut by a saw, as well as the ends 
of the fork which fixed the fiamcs to one 
another This process is economical in use and 
simple and cheap m consf ruction, since all the 
pieces of the apparatus are easily moved about, 
and may b(‘ readily mounted in the foiests For 
obtaining a compact ( harcoal for the use of 
.irtisaiis, this mixisl process of Foucauld is said 
to be pieferable to either the close iron cylinder 
or the pile. 

The fierce process for the production of 
charcoal, in which the wood is heated in brick 
kilns shaped like a bee-hive, of 32 feet diameter 
and IC feet high m the centre, by means of the 
combustion of the jieimanent gases produced 
during a previous process, is said to produce a 
far higher percentage of charcoal and to involve 
a smaller loss of by-products (Dudley, J Anal 
and Appl (fhem May, 1831 ; Armour, Bowers, 
J Soc Chem Tnd 1832, 152) 

The charcoal made at Ontaiio fiom the 
local wood is of excellent quality for blast- 
fuinace use The wood is here heati'd in half- 
iron cylinder retorts, sot hoiizontally and about 
9 feet long and 4 feet high The retorts are 
charged once a day, and are heated underneath 
by the tar produced mixed with the waste from 
th^ charcoal The distillate is condensed by 


straight condensers, one of which is attached to 
! each retort (Goodwin, J. Soc Chem. Ind. 1902, 
743). 

In other processes wood is carbonised by 
superheated steam (Elfctrom, Proe Inst Civil 
Eng 130G, 1G4, GO , Zwilhger, J Soc. Chem Ind 
1891, 129). 

According to Rubands (J. Soc Chem. Ind. 
1902, 14GG), a hygienic and antiseptic wood 
charcoal is obtained by heating a mixture of 
aromatic plants, such as jumper, thyme, broom, 
&c., in an oven until the cresols begin to come 
off. The mass is then thrown into sheet-iron 
boxes, sealed to prevent combustion, and allowed 
to cool, the empyreiimatic matters thus being 
reabsorbed 

A largo number of improvements in the 
appaiatus employed for obtammg wood char- 
coal have been proposed (Jones, Eng Pat 
1485,1894, J Soc Chem Ind 1835,24; Wisi' 
Wawoith, Eng Pat 10522, 1897, ^hid 1839, 
128 , Schenk, Rng Pat 23085 , ibid. 1900, 321 , 
Burcy, ibid 1302, 909 ; Mourlot, ibid 1902, 
1148^ Blacher, C^hem Ind 23,508) 

Chaicoal is also prepared from sawdust, 
wood, chips, and peat The raw matciial is 
fed and pressed into and through heated rctoits 
in a continuous stream, and comes out at the 
other end of the furnace as hard chaicoal The 
retorts are provided with pipes for drawing off 
the by-products (Heidonstam, J Soc Chem Ind. 
1898, 445). Many other methods of converting 
peat into charcoal have been desciibcd (Rose, 
ibid 189G, G43 , Eng Pat. 17508, 1895, 
(kilmont, ibid 1892, 257 , Rng Pat. 3978 , 
Zohrab ibid. 1893, 437 , 1837, lOOG , Eng 

Pat 3G19, 1892 , Jurgenseii and Bauschlieker, 
Chem Zeit 1301, 25, 035 , Stauber, J Soe. 
Chem Ind. 190G, 085 ; Jurgensen, ihid 1907, 
G85) 

For blast-fiimaco work, peat charcoal and 
that obtained from birch wood is the best 

According to Mauber {ibid 1890, 881), 
charcoal is also produced from the by-produels 
in the manufacture of spirits from grains and 
cereals Chaicoal suitable for use as hlteis, 
respirators, and as wick for candles, can be 
prepared by placing vegetable hbres, such as 
cotton, cotton fabric or waste threads into 
drums, which are placed one by one into an 
inclined ^furnace, down which they roll to the 
lower end, which is provided with an exit door 
When no more gases are given off, the drums are 
withdrawn and the charcoal washed with water 
(Cooper, J. Soc Chem fiid 1302, 121) 

For making gunpowder charcoal the lighter 
woods, such as the willow, dogwood, and alder, 
answer best , and m their carbonisation care 
should be taken to let the vapours freely escape, 
especially towards the end of the operation, for 
when they are reabsorbed, tliey greatly impair 
the combustibility of the charcoal (Taylor and 
Challon, ibid 1830, lOG 

The charcoal of some woods contains silica, 
and IS therefore used for polishing metals. 
Being a bad conductor of heat, eharcoal is 
employed sometimes in powder to encase small 
fuinaccs and steam-pipes. It is not affected by 
water, and hence the extremities of stakes 
driven into moist ground are not liable to de- 
composition. In like manner casks when charred 
inside preserve water much better than common 
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casks, because they fuinish no soluble matter for 
lei mentation or for food to animalcules. I 

For making crayons of charcoal the willow 
is the best wood that can bo employed, as the 
softness is unifoim m all its parts The dura- 
bility ot ehaicoal may be seen in scveial of our 
old chuichyaids, whcie the letters made with 
lampblack are still peifec t, though the white lead 
with which the body ot the stones was painted 
18 entirely destroyed This piopeity of carbon 
IS shown, however, m a moie striking manner 
by the writings that were found m the rums of 
Jferculaneum, which have letamod their original 
blaclmess for two thousand years. The aiicic nts 
wrote witli ink made from ground chaicoal. 

If it be lequired to purity any eaibonaceoua 
mattci to lender it htter tor delicate pigments, 
this may be done by lirst calcining it in a close 
vessel, and then lixiviating it m water slightly 
acidulated by nitric acid. 

The incoiruptibility of charcoal was well 
known to the ancients, and they availed them- 
selves of this pioperty upon all irnpoitant occa- 
sions. 

Some ycais ago a quantity of o<ik stakes 
were found m the bed ol the Thames, m th<‘ 
veiy spot wheie Tacitus says that tlio Britons 
fixed a vast numbci of such stakes to prevent 
the passage of Julius Ca\sai and his army 
These stakes were chaired to a consideiable 
depth, had letamcd then loim completely, and 
were film at the he ait 

Desmond found that wood charcoal, when 
submitted to a high temperatuic out of contact 
with air, evolved a considerable cpiantity of 
gas consisting ot OTl pc IS ()8 pc CO, 

49 11 p c Ha, 16*01 p c Cll 4 , 6 26 p c 0^, and 
7 37 p c. Na, its antiseptic pioperties being 
supciior to carbon nionoxidc (Oompt. icnd 
1891, 119, 733). 

Most of the hoUvses m Vcnic(‘ stand u])on 
])ilcs of wood, whu h have all bi'cii pieviously 
chai’ied for their picsc'rvation In this country 
estates weic foimcrly marked out by charred 
stakes dll veil to a considerable depth into the 
giouud These aie occasionally found, and 
usually the charicd portions die quite perfect, 
although every othei pait is decayed (r Wood, 
Destructive distilltvtio^h c')e). 

Wood chaicoal possesses m a remarkable 
dcgice the powder of alisorbing gases m its iioies, 
and in many cases of det<'iminmg Ihcir combi- 
nation This iiowcT iiK reases with its density 
As oidmaiy chaicoal contains atmospheric air 
m its pores, it must for this pin pose bo picqiaiod 
by heating it to lediu^ss in a close vessel, and 
cooling over mercuiy The following table 
shows the absoiptive power of Saussuie box- 
wood chaicoal of sp gr 157 for different gases . — 


Ammonia gas 

. 90 vols. 

Hydrochloric acid gas 

. 85 „ 

Sulxihur dioxide 

65 „ 

Hydrosuljihuric acid 

55 ,, 

Nitrous oxide 

40 „ 

Carbon dioxide . 

35 „ 

Ethylene 

Carbon monoxide 

35 „ 

9*42 vols. 

Oxygen 

9-25 „ 

Nitrogen . 

6*6 ^ „ 

Hydrogen . 

1-26 „ 


Charcoal obtained from the shell of the 
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cocoa-nut has still greater absorptive ijroperties, 
absorbmg, accoidmg to Hunter, 

Ammonia . 171 7 vols 

Carbon dioxide . . 67 7 ,, 

Carbon monoxide 21 2 ,, 

Oxygen . 17 9 ,, 

111 consequence of this absoiptioii ol gases in 
the pores ot chaicoal, their chemical activity 
IS greatly increased When a piece ot chaicoal 
which has absoibcd a coiisidciable quantity of 
sulphuretted hydiogen is mtioduced into oxygen, 
a violent leaction immediately takes place, watci 
and sulphur dioxide bemg set free. If air be em- 
ployed mstead of oxygen, sulphur is deposited. 

This propel ty is utihsod in the removal of 
fmtid and bad-smelhng gases from rooms, and m 
the sweetening of bad-smellmg liquids and of 
clothes For this purpose chaicoal of aveiagc 
porosity is found to be the most efficient, and 
it shpuld be in moderate-sized pieces, its absoi- 
ben£ powT*r bomg greater m this state than when 
in fine powder or ni veiy large pieces 

Potassium and sodium alloy absorbs chai- 
coal, and the suspi'iision so obtained has a 
variety of uses, aiicl constitutes an mteinu'diatc 
product m a variety of piocesscs such as the 
production of potassium cyanide and so foith 
(Wemtraub, J Soc Chem Ind 1909, 791) 

When chaicoal is boiled m a solution of 
platinum tetiachloi ide, it becomes imiucgnated 
with platinum, and is known as x’hatinised 
charcoal. This substance possesses in a 
gicatly mereased degree the power of inducing 
chemical combination 

Chaicoal containing 2 c of x)latmum causes 
oxygen and liydiogen to unite completely in 
about a quaiter of an hour, the ia]3idity irn leas- 
ing with the peiccntag(‘ of iilatinum, c'haicoal 
containing a Jarger (piantity ot jjlatinum acting 
like j)latinum sponge Idatmiscd chaicoal may 
be applied to the preparation of air-filtcis and 
lespirators, and also as ,i mild caustic (Sten- 
housc, Chem yoc 9hans 8, 105). 

Charcoal is icadily oxichscd by dilute 
aqueous solutions of calcium hypochlorite, and 
potassium chlorate, especially in jircsence of 
osmium tetioxide, foiming caibon dioxide, 
j caihon monoxide, mellogcn, and melhtic acid. 

A further jiropcrty of chaicoal is its xiower 
of depriving most colouied liquids of then 
colouring matters, by absoibmg them within its 
poics Tlic colouring of led wine, cochineal, 
maddci, or mdigo, can thus bo removed fiom 
solutions 

'rius pioperty was discovcied in 1790 by 
Lowitz, and is made use of on the laigo scale m 
seveial industiial ojDoiations, jDarticularly in the 
luocess of rehning sugar. It is most strikmgly 
jiossesscd by bone-black oi animal charcoal 
{q V.) Charcoal of great decolourismg power 
can be obtained by the dry distillation of birch- 
wood or other substances contammg carbon 
mixed with calcium or magnesium chloride, 
without access of air. The charcoal so obtamed 
13 washed with water, then with hydrochloric 
acid, and then again with water (Osticjho, J 
Soc Chom Ind 1900, 1099 , 1902, 58) 

Chaicoal of higher decolourising power is 
obtamed from blood, horns, hoofs, clippings of 
hides, glue, &c , m contact with pearl-ash. A 
good decolourising charcoal is also obtained by 
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carbonising vegetable matters mixed with chalk, 
calcined Hints, or other eaithy substances. 

According to Halse (J Soc (^hem Ind. 11)03, 
504), chaicoal, especially applicable for use in 
decolourising and purifying sac charinc and other 
liquids, and which can be used in acid solutions, 
IS obtained by heating wood or a similai mateiial 
with sulpliuiic acud to a tempeiaturo not exceed- 
ing 200^ The chaired mass is then washed and 
dried, and, when sxieiit, it can bo lovivified by 
treatment with a smaller amount of sulphuric 
acid 

Charcoal also piecipitates or absoibs certain 
substances from solution, notably iodine, lime, 
and its salts (being used for the purilieation of 
highly calcaieous waUus), lead salts and most 
metallic subsalts, besides many organic sub- 
stances, as the bittei piinciples of hop, gentian, 
and alo(‘, tannin, alkaloids and icsms, fiom then 
alcoholic solution (de Coninck, Compt lend 130, 
1627 , Laval, riiaim J. 1000, 65, 213 , Mal- 
mcgac, J Chaim (Hum. 1000, 12, 5; Davis, 
Chem »Soc Trans 1007, lOtiO). 

Crude alcohol is occasionally allowed to le- 
inain foi some time m contact with chaicoal 

Caibon IS us('d foi the leduction of metals 
from then oies, and m the manufacture of glass 
for the reduction of alkaline sulphates. 

Poious caibon can also be used with advan- 
tage in electiolytic cells (Lob. Zeit. f. Elect, j 
Chem 1806, 3, 185) When used as an anode m 
stiong hot suljihinic and other acids, which give 
off oxygc'ii at the' anode, <aibon is dissolved, 
and this piopeity c<ui be used for depositing 
caibon on suitable cathodes (Coehii, J. Soe. Chem. 
Ind 1807, 145) 

(For the treatment of caibon articles befoic 
use, com])aie Idiomson Houston, idid 1005, 
1230 , Eng Pat 28062, 1004 ; Acheson 

U 8 Pat 74018, 1004 ) 

Gas-carbon {(tlan<c coal) is a very dense foim 
of caibon, depcjsited in the uppci pait of the 
letoits m the manufaetuio of coal gas and in 
blast furnaces It often exhibits the lustre and 
sonoiity of a metal, is veiy haicl, and a good 
conductor of heat and electiicity It is used to 
form the negative elenicmt in a Bunsen battery 

Mateiials used for nianufactuie of caibon 
c'lc'Ctiodes are coke, haicl and soft pitch, coal 
tai, and petroleum oil , in some cases, to obtain 
clectiodes of better mechanical wealing power, 
a small poition of the coke is replaced by soot 
The propoi turns of the various substances 
depend on the kind of electrode required 
Koush (J Ind Eng ('hem 1609, 1,286, Lake, 

J 8oc ('hem. Ind. 1900, 1001 , Cooper, 8hrews- 
buiy and Marshall, ihid 1896, 25 , 8taits, ibid. 
1906,514, U8 Pat 819()0(), 1906). 

Accoi cling to Nieweith (J 8c)c Chem Jnd 
1 894, 1 20()), carbons of less rcsistanc e and greater 
illuminating powei wdicui used m arc lamjis, can 
bc‘ obtained by mixing the caibon with aluminous 
eaiths, magnesia, or othei metalliferous mmeials 
before moulding, after which piocess it is heated 
by means of an electric current The carbon, 
when being heated, is supported in a holding 
sleeve of non-conducting material to prevent 
warpmg. Castner (J. 8oc. Chem. Ind. 1894, 
1067 ; Acheson, ihid. 1894, 407) adds 10 p.c. 
carbide of silicon to the carbon used for arc lampsj 
Rivers (ibid. 1906, 483 ; Kuffrath, ibid. 1907, 
300) adds yttrium salts. Langville (tbtd. 1892, 


935) describes a process for obtaining carbon for 
elcctncal purposes from paper pulp (Eng Pat. 
13847, 1892). 

Caibon filaments are also piepaied for use in 
incandescent lamps and electric lamps (Thomson 
Houston, J 8oc. Chem. Ind 1905, 62 ; Prmg and 
Fielding, Chem 8oc Trans 1909, 1497 , Chate- 
lier and Wolagehne, ('ompt rend. 1909, 148, 
1715, Howell, Electiician, 1905, 55, 588: 
Levis, J 8oc Chem Ind 1905, 721, 882 , Eng 
Pat 6959, 1904) 

Graphite is formed m the manufacture ot 
carborundum {q v), and its production on a 
commercial scale has been established by 
Acheson (US Pat 568523). It is used to foi m 
lamp caiboiiH, crucibles, electrodes, &c For 
the lower qualities of giaphite ai tides anthracite 
may be employed , tor the tinei kinds, and for 
the manufacture of lubiicatmg giaphite, petio- 
leum coke mixed with a catalytic oxide is 
used For a discussion of the pioperties, mode 
of foimation, and structure of giaphitic carbon, 
V Kohlschutter, Zeitsch anoig. Chem. 1919, 
105, 35 

Lampblack is prepaicd on the large scale by 
burning fat, oil, resin, tar, (fee , with an imperfect 
supply of air, citlici in a buck furnace or in 
cast-iron chambers. 

The lesultmg dense black smoke is conducted 
into laigc chain beis, wheie, on account of the 
extremely sluggish di aught, it is allowed to 
roll about until the jiai tides giadually coalesce 
into masses which aitei some time fall on the 
floor as soot The coiidciisatioii of the particles 
may be greatly facilitated by sending a cuiieiit 
ot electiicity thiough the atmosphere of smoke, 
or else it can be agitated by mechanical means 
(Irvine, J Hoc Chem Ind 1890, 1110) 

Foi an account of the histoiy and develop- 
ment of the lampblack and car bon- black mdustiy, 
6ee Cabot, 8th Int. Cong Appl Chem 1912, Ve, 
12, 13 

When commeitial lampblack is strongly 
heated, a large amount of empyieiimatic matter 
IS given off, which condenses into a blown greasy 
mass consisting of chiysene, pyiciie, lapnomai, 
&c This causes orchnaiy lampblack to colieio 
when pressed. Aftci cakmation it loses this 
piopeity. 

(Jieusotc oi othci suitable i aibonaieous fuel 
IS burnt m a furnace with an adjustable an 
supply, and the products of combustion aie sent 
through a coolei, where by-products are con- 
densed in centrifugal separators, the caibon 
deposited being lollected m underlying icceivers 
(Adam, J Hoc. Chem. Ind. 1907, 701 , Eng. Pat. 
13301, 1906) 

An aiiangement of lamps for the jireparation 
of an especially line quality of lampblack fiom 
waste fat and mineial oils is described m Payen- 
Paul, 64, ()5. 

Numerous impiovements in the apparatus for 
the pioduction of lampblack have been desciibed 
(Wcgclin, J Hoc. Chem Ind 1898, 747 , 1899, 
925 , 1900, 56 ; 1902 1022 ; 1903, 1190 , 1908, 
81, 579 , Fr. Pat 380983, 1907 ; Irvmo, J. Hoc. 
Chem. Ind. 1890, 1110 ; Handers, ibid. 1900, 753 ; 
Lembdner, ibid. 1903, 1238 ; U.S. Pat. 741726, 
1903 ; Smith, J. Soc. Chem. Ind. 1909, 430 ; 
Meiser, ibid. 1908, 1212; D. R. P. 203711 ; 
Lennard, J Hoc Chem Ind. 1899, 1009 : Ogilvy, 
tbid. 1902, 1084). 
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Gailxm has also boon obtained direct fiom 
smoko (Ward, ibid» 1867, 902) Jivine {ibid 
1894, 532) obtains lainpblaik by spraying tars 
or oils rich in carbon over incandescent coke, 
mixmg the gases so pioduced with air and steam, 
and burning them with a limited supply of air. 

Lampblack, carbon black, also sometimes 

H] )okcn of as gasblack, hydiocarbon black, jet- 
black, and so forth, is used m the production of 
printer’s ink, paints, mmcral-black, stove polish, 
shoe leather, lubbor goods, fcitiliseis, colouiing 
(emeiit, moitai pulp, and aititicial stone, 
harness oil, stencibng, &c. It vanes in composi- 
tion and jiropeitics with the mateiial and 
method used m its jnoduction. When jnoduced 
fiom the natural gas m American oil wells, the 
carbon-black differs from oidinary lampblack, 
by mixmg with water on being shaken w'lth it , 
ordinary lampblack will not do this It is also 
quite different m appeaianco fiom lamjiblack 
obtained from oils, having a line vclvet-lilvc 
gloss 

(A(c descijption of liguic and appaiatus foi 
manufacture, Cabot, J Soc ('hem iiid 1894, 
130 ('/ also Puitlc and Rowlands, ibid 1908, 

234; US Pat 877596, 1908, Piosch, J S(k 
C liem Ind 1903, 640, Rullci, Mm and Kng 
Woild, Oct 28, 1911 ) I 

A good lampblack, said to bcsupeiior to the 
best Aineiican blacks, is also obtained by spark- 
ing a mixtuic of hydiocaibons und(‘r picssuic 
and with or without admix tuK' of carbon di- oi 
mon-oxide (Koppeis, J Soc ('hem Tncl 190(), 
13; Maehtolf, tbid 894, 1909, 482, 1050,1 

I) R P 207520, 1907, Oollweit, J Soc ('Ik'IU ' 
fnd 1909, 1050) Accoidmg to Piank (ibid 
1900, 545, 1905, 29, 1041), the caibon, at the 
moment of libeiation, is leaclily taken up by 
metals , it can thus be made to pass into silver, 
impaitmg to the lattei the appeaianco of so- 
callcd oxidised sil\er 

Accoiding to Peteis, laiiijiblack suitable foi 
use in the prcjiaiation of paints, c.in also be 
obtained by heating tiie waste carbons liom aic 
lamps to 1200°- 1400'\ and then allowing the 
mass to cool slowly (.see also Aidyhne bluch) 

Colloidal carbon. By the* caieful addition 
of sugar to eoncentiatcMl sulpliuiic acid, filteiing 
and dialysing tlu* li(|uid, a clear black stable 
solution of colloid.il caibon may be obtained 
(Sabbatam, Kolloid-Zeitsch 1914, 14, 29). 

Carbon monoxide , carhonom oi taiboino 
oxide; fonnu nnhydude ('() , sj) gr 0 907 16 
(Rayleigh), 0 9()702 (Leduc) (air -- 1) V T> 14 
( - 186°) (Wioblewski, Uomjit lend 98, 982) 

S H p 0 234t) S H V 0 16844 (Wiedemann, 
Pogg Ann 157, 1) OR 0 003t.67 (Regnault) 

S (6°) 0 0287, (9°) 0 0269; (18 5°), 0 02315 
(Bunsen) S alcohol (2°) 0 20356; (13°) 

0 20411), (16°) 0 20566 , (24°) 0 20452 (Bunsen) , 

^ 1 000301 ; yUK - 1 00035 ; ^ \ 000391 

(Uioullebois, Ann Chim Phys [4J 20, 136) 
Does not exactly obey Boyle’s law, PV/P^Vi 
— 1 00293 (Regnault) Its critical tcmpeiature 
IS -— 138 7dh0 1, and the corresponding pre.ssure 
34 6±1 atmospheres, critical density 0 3110 
It boils at —190° 

Discovered by Lassonne, and independently 
by Priestley. Composition first established by 
Clement and Dcsormes. 

Carbon monoxide is present m coal- and 
water-gas, from both of which it is sometimes 


I obtaiimd industriallv (Williams, J Soc Chem. 
; Ind 1891,270, Claus, 1890,170) 

I Pioduced by the oxidation of cliaicoal at high 
. temperatuies (f/ Johnson and McIntosh, 9'ians 
1 Roy Soc Canada, 1913, 7, ni 161) By the 
* reduction of caibon dioxide by means of hydio- 
gen, eaibon, metals, &c , at a icd heat, oi ovcu 
caibon made incandescent ( lectin «illy and 
coated with a bad conducting matciial (luigels, 
J Soc ('iiem Ind 1901, 350) On tlie late of 
reduction of caibon dioxide by caibon, ,scc 
Rhead and WheehT (('hem Soc Tnins 1912, 

' lOJ, 831, winch contains <i numbci of ic*feience"> 
to previous work on tlie subject) In the i educ- 
tion of metallic oxides by ch.iicoal or coke 
By the diy distillation ot many oiganic com- 
jiouiicl.s, and togcthei witli h\cliog(uiand caibon 
dioxidc' whc'ii stcMin is jiassed ovei led bed 
chaicoiil By pahsing elcctiic spaiks tliiough 
carbon dioxnh' (Buff and Hofmann, Annalen, 
113, 140) oi by lieatmg caibon dioxide to 1.100 ' 
( Dev die, ('omj)t lend 59, 873) By JiiMting 
deh\ dialed oxalic* acid, oi by hc'ating cJiy 
alkaline foi mates and .icetatc's with fc)imic 
acid (Loiin, ibid 82, 7.50) By licating an 
oxalate oi foi mate ot these acids with eonccn- 
tiated sulphuiicy acid 

('ai 1)011 monoxide is also pioduced in coii- 
siclt‘iablc* quantities fiom vaiious explosives, 
such as mclliinte, gun cotton, cVe It is evolvc'd 
by an alkaline ])) louallol solution duiing the 
absoiption of oxygc*n, unlc'-s a laige excess of 
potasli IS emploxed (('lowc‘s, ('hem Soc Pioc 
1895, 200) 

Picpaied by tlie clc'c oinpositioii of (i) ox. die 
oi foimie acid, (2) pot.issium feiioeyanidc*, oi 
(3) j)otassium cyanide, by conccntiated sulpliuiic 
acid ( Bouclou.iicl, ('ompt lend 1899, 128, 98, 
307, 822, Wade and Panting, C'hcm Soc Tiaiis 
1898, 257) 

(J) GO f-UO, 1-11,0 

(2) ('H,0> -- CO-hH .0 

(.3) K,Pe(UJM),d(>iJ,S()4 t 611,0 

-()('0-l 2K,S()4-| 3(Nil4),S04 + PeS 04 

In the tiist ease the gas is mixed with eaibon 
dioxide, which must be lemoved by passing 
thiough potash oi lime-watei In the last le- 
ac tion it is fiee fiom caibon dioxide it the 
tempeiatuie does not exceed 200°, but above 
this point this gas .and sulphui dioxide aie 
pioduced by the reducing action of caibon 
monoxide upon sulphui le acid 

1 1 ,S( ) J -f CO -- CO ,d- SO , + Jf >o 
ft IS liable' also to contain a sin ill ipianlity c f 
hydrocyanic acid vapour 

Dry c.ilcium oxalate oi baiiuin oxalate is 
mixc'd with about dry limc', and stiongly 
heated, the gas passed thiough lime and diied 
CaC ,04 ~ CaCO,-l CO, any eaibon dioxide 
foimed being absoibed by the lime Caibon 
monoxide is evolved in the manufactuio of 
carbides, and is collected and stored it is 
also produced in the decomposition of sugars 

Carbon monoxide is manufactuied piactically 
I pure by bringing a mixtuie of oxygen and carbon 
dioxide in contact with incandescent graphite, 
coke, anthracite, &c. As thus obtamed, it may 
bo used for the manufacture of special steels, 
the reduction of refractory oxides, the treatment 
of iron ores m the blast furnace, and for other 
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purposes (Loiseau, J Soc. Chem Tnd 1908,1112; 
Fr Pat. 390673, 1908). Carbon monoxide 
passed over heated sodium or potassium hydrox- 
ide, soda lime, or calcium hydroxide, yields 
a formate and hydrogen, together with methane 
and ethylene. Carbon monoxide may bo con- 
verted into hydrogen and hydrocarbons to the j 
extent of 99 5 p c. by passage over hot lime I 
several times, and it is suggested that m this i 
way illuminating gas imght be freed from this | 
toxic constituent (Vignon, Bull Soc chim 
1911, [iv.] 9, 18). 

Proferties — Colourless gas of metallicr odour j 
and taste, combustible, non-supporter of com- | 
bustion. Absorbed by carbon, by seveial 
metals, and by a solution of cuprous chloride in i 
hydrochloric acid or ammoma It acts as an I 
energetic reducer It is a highly poisonous gas, , 
producing giddiness, and ultimately asphyxia I 
when mhaled 0 43 p c m air is fatal to man j 
(Mosso, J Gas Lighting, 1902, 80, 1334) , j 
0*2 p 0. 13 also poisonous if breathed for any | 
time 

When carbon monoxide is passed over dry j 
sdver oxide, the latter is reduced thus . CO -j- AggO 1 
= Agad-COg. Ammomacal silver oxide is also | 
reduced, and the reaction may be employed for 
the detection of small quantities of carbon 
monoxide m air (Dejust, (Jompt. rend. 1905, 140, 
1250; Berthelot, ihid, 1891, 112, 597; Haber- 
mann, Zeitsch. angew. Chem. 1892, 324) It 
reduces Barrcswil’s (Fehhng’s) solution, and m 
contact with metallic copper moistened with 
aqueous potassium hydroxide is rapidly oxidised 
when mixed with air The copper is converted 
mto a peroxide, CugOj or CuOg, which is the 
active oxidising agent The rate of oxidation 
IS increased when the copper surface is coated 
with indium 

0 02 pc carbon monoxide may be detected 
by the decolouration of a mixture of silver 
mtrate, and weak permanganate solution acidi- 
fied with mtric acid (Merwet, Compt. rend 1897, 
124, 621'). 

Accordmg to Grchant {ibid 1891, 113, 289 ; 
114, 309), 1 part of carbon monoxide may bo 
detected m 10,000 parts of air, by aspiratmg the 
air through dog’s blood, and testing the respira- 
tory capacity of the blood before and after the j 
expenment. When the air is passed under a i 
pressure of 5 atmospheres, the test becomes stdl i 
moredehcate. It can also be detected by passmg 
the gas through palladium chlonde, when a ' 
metallic precipitate is formed and the colour | 
indicates the quantity present to 3001500 ' 

carbon monoxide can be detected in the atmo j 
sphere by passing several litres of the suspected 
air through iodic acid, when the followmg 
reaction occurs . — 


and McWhorter, J Amer. Chem. Soc. 1906, 29, 
1589 ; Goutal, Ann. Chiin. anal. 1910, 15 ; 
Graham and Wmrnill, Chem Soc. Trans. 1914, 
105, 1996 ; Smnatt and Cramer, Analyst, 1914, 
! 163 ; Frobooso, Zeitsch. anal. Chem 1915, 54, 
1 ; Graham. J Soc Chem. Ind. 1919, 10 T.). * 
Carbon monoxide is oxidised quantita- 
tively to carbon dioxide by passing it over 
yellow mercunc oxide heated to 100° (Moser 
and Schmid, Zeitsch anal Chem. 1914, 53, 217) 1 
Clowes recommends the flame cap test as an 
accurate and rapid method for detecting carbon 
monoxide (Brit Assoc Report, Chora Zeit. 
1896) , whilst to detect the presence of carbon 
monoxide in mines, Haldane and also Herman 
(J Soc Chem Ind. 1896, 854) recommend the 
use of mice, which are very rapidly affected by 
small quantities of carbon monoxide. For a 
method of determimng small quantities ot 
caibon monoxide m hydrogen as used for 
ammoma synthesis, acc E K Rideal and 
Taylor, Analyst, 1919, 89 

According to Leblanc (Ann Chim. Phys. j3] 
6, 223), it IS chiefly the presence of this gas that 
causes the poisonous action of air m which 
charcoal has been burnt The gases from a 
charcoal fire may contain up to I 8 p c of carbon 
monoxide, those fiom a petrol engine 7*32 pc 
(m these gases the quantity of carb^on monoxide 
exceeds that of the carbon dioxide), whilst the 
combustion products from gas-heaters contain 
from 1 part m 15,000 to 0 3 p c , according to 
the supply of air to the burner. A small pro- 
1 portion of carbon monoxide in a dusty atmo- 
I sphere constitutes a dangerously explosive 
I mixture. It combmes with the red colouring 
matter of the blood-forming carboxy hemo- 
globin, and may be rocogmsed by its absorption 
spectrum, winch is almost identical with that 
of oxygenated blood, and is chaiacterised by 
two bands between D and E. On the addition 
of ammomum sulphide, these disappear m the 
case of oxygenated blood, and the spectrum 
shows one band midway between D and E, but 
remains unchanged 11 carbon monoxide is 
present (Vogel, Ber. 11, 235; Hoppo-Seylcr, 
Zeitsch anal Chem 3, 439 , also Pieyer, 
J 1867, 802 ; Nawrocki, J 16, 640 , Grehaut, 
Compt rend 87, 193 ; St Martin, ibid 1892, 
I 4, 1006) Accordmg to Nicloux {ibid, 1898, 
126, 1526, 1595), carbon monoxide is a normal 
constituent of dog’s blood, but this has been 
domed by Buckmaster and Gardner (Proc. Roy. 
Soc. B, 1909, 81, 516). Carbon monoxide burns 
ordinarily with a blue flame, which, by previous 
heating, becomes red, generatmg carbon dioxide. 
The temperature of its flame m air is about 
1400° (Valerius, J 1874, 58). Accordmg to 
Wieland (Ber. 1912, 45, 679), formic acid is an 


6CO + 2HIO3 - bCOg+HgO-f I, 

The lodme is absorbed m chloroform or carbon 
disulphide, when the relative tint indicates the 
uantity of carbon monoxide, or else the carbon 
loxide IS absorbed by standard potash solution 
and the carbon monoxide calculated (Gautier, 
Compt. rend. 1898, 126, 793, 871, 931, 1299; 
St Martin, Compt. rend. 14, 1036 ; Kinnicutt 
and Sandford, J Amer Chem. Soc 1900, 22, 14 , 
Fillanger, Chem Zeit. 1903, 27, Rep. 126 ; Levy 
and Pecoul, Compt. rend. 1906, 140, 98 ; Fr. 
Pat. 349714, 1904; 142162, 1906; Morgan 


intermediate product m the combustion of 
carbon monoxide, and can be detected by 
allowmg the flame to play upon ice. When 
dry it is not changed by the electric current nor 
by igmted platmum wire, but when standmg 
over water it is decomposed by a glowmg 
platmum spiral (Buff and Hofmann, Chem. Soc. 
Trans. 1860, 12, 273). When not absolutely 
I dry, it may be exploded with oxygen by tho 
electno spark or by platmum wire heated to 
300° or by spongy platmum at ordinary tem- 
peratures. 2 vols. CO umte with ’ vol. 
forming 2 vols. COg 
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Dixon (Phil. Trans 1884, 617) has shown that 
no action takes place when a spark is passed into 
a mixture of perfectly dry caroon monoxide and 
oxygen, but that a mere trace of moisture renders 
the mixture explosive The combination takes 
j)lace very slowly in presence of small quantities 
of steam, and increases in rapidity with the 
quantity of steam present. Probable reactions : 

2C0-h2H20~2C0o+2Hj, 

2H2-f02-2H20 

Hence the steam acts as a carrier of oxygen 
to carbon monoxdo {v Dixon, Chem. Soc Trans. 
49, 94) 

Small quantities of other gases than steam 
were tried . if the gas contained hydrogen, ex- 
plosion occurred, if the gas contained no hydro- 
gen, no explosion occurred. When a mixture of 
carbon monoxide and steam is heated to about 
600°, a portion of the carbon monoxide is 
oxidised. If the carbon dioxide is removed as 
it IS formed, the whole may be oxidised L 
Meyer’s experiments (Ber 10, 1099) seem to 
prove that a dry mixture of carbon monoxide and 
oxygen can be exploded if a very strong spark is 
used, and a sufficiently high temperature then 
obtained, and if the gases are under considerable 
pressure When sparks from an induction coil 
are passed through a mixture of carbon mon- 
oxide and steam, carbon dioxide, a little formic 
acid, and sometimes carbon, are formed (Dixon, 
Chem. Soc. Trans 49, 94) When to a mixture 
of dry carbon monoxide and hydrogen, oxygen 
insufficient for complete combustion is added, 
and the mixture exploded by the spark, caibon 
dioxide and steam are formed in a ratio dependent 
upon the shape of the vessel and the pressure up 
to a certain limit, called the ‘ critical pressure.’ 
Above this pressure the ratio of the loiiuation 
of carbon dioxide and water is independent of 
the shape of the vessel The criti(‘al pressure 
becomes lower the larger the quantity of oxygen 
used The ratio CO+HaO . CO^+Ha remains 
constant so long as the vol. of the hydrogen is 
more than twic(‘ that of the oxygon, provided 
no steam condenses, and the pressure is above 
the critical pressure When the vol of hydrogen 
IS less than twice the vol of oxygen, the above 
ratio diminishes The presence of an incit 
gas increases the formation of carbon dioxide 
and diminishes that of water, hence it lowers 
the value of the ratio CO-fTIaO * 

This ratio is called the ‘ coefficient of affinity ’ 
of the reaction (Dixon, Phil Trans. 1884, 617 ; 
Chem. Soc Trans. 49, 94). According to 
Brodie, when carbon monoxide and hydrogen 
are submitted to the action of the silent discharge, 
marsh gas is formed by synthesis , when pure and 
dry carbon monoxide is circulated ^through the 
induction tube, it is decomposed, carbon dioxide 
being formed together with other ‘ oxy-carbons ’ 
of the formulae O4O3 and (^5^4 (Brodie, Proc 
Roy Soc 21, 246). 

Carbon monoxide is converted into carbon 
dioxide under the influence of nascent oxygen 
from chromic acid (Ludwig, Annalen, 142, 47), 
but not by ozone, either in diffused daylight or 
in direct sunshine (Remsen and Southwark, 
Amer. J Sci [3] 11, 136) It is likewise oxidised 
bv palladium charged with hydrogen in presence 
of oxygen and water (Traube, Ber, 16, 2326, 
2854 ; 16, 123 ; Remsen and Keiser, ibtd. 17, 
Vol. II.— T. 


83 ; Wieland, Ber. 1912, 45, 679) ; by mixing 
with oxygen and passing over platinum black ; 
by mtnc oxide (Hasenbach, J, pr. Chem [2] 4, 
1) , by heatmg with metallic oxides and with 
many oitysalts Adsorbed on ‘ activated ’ 
platinum it is rapidly converted into carbon 
dioxide in contact with oxygen. 

When passed over finely divided metals, such 
as nickel, cobalt, or iron, the quantity of carbon 
dioxide foimed depends on the temperature and 
the metal (Zimmermann, Ber. 1903, 36, 1231 , 
Sabatier and Senderens, Bull Soc chim 1903, 
29, 294, Beithclot, Compt rend 1891, 112, 
694 Van Breakedensen and Horst, Rec trav. 
ehim 19, 27 , Smits and Wolff, Zeitsch. physikal. 
Chem 1903, 46, 199 , Charpy, Compt rend. 
1903, 137, 120 ; Boudouard, \ltd 1899, 128, 
1522) In some cases a volatile carbonyl com- 
pound IS formed of the type M(CO)4 (Lange and 
Quincke, Chem Soc Proc 1890, 112, 1891, 

117, Wartha, Chem Zeit 1891, 15, 915, 
Carnier, Compt rend 1891, 113, 189, Cautz, 
Bull Soc chim 1892, 13, 278 , Bertholet, 1892, 
43 J , 431 , Sabatier and Senderens, I c. ) Accoid- 
ing to Cautz (Compt rend 1892, 114, 115), at 
400° carbon monoxide leacts with manganese 
and iron, thus. (H)-f Mn — MnO-{-C. Carbon 
monoxide passes through cast and wrought iron 
when heated to redness, and, according to Sieverts 
andKiumbhaai (Ber. 1!)10, 43, 893), it dissolves 
m nickel and cobalt, but not in copper 

Minute quantities of carbon monoxide reduce 
gold chloride, and also gold, silver, and mercury 
oxides (Fay and Seeker, J. Amer Chem Soc. 
1903,25,641) Brunck (Zeitsch angew Chem. 
1912, 25, 2479) has proposed to employ its 
reducing action on palladium chloiidc (sodium- 
palladous chloiide) as a method of estimating 
small quantities of carbon monoxide 

Wluui an electuc spaik is sent through a 
mixtuie of ammonia and carbon monoxide, 
ammonium cyanate is chiefly formed (Northall 
Laurio, Chom Soc Trans 1905, 433) 

Pure carbon monoxide forms a colourless 
transparent liquid under 200-300 atmospheres 
at— 139°, and solidifies to a snowy mass tn vacuS 
at —211° (Olszewski, (V)mpt rend. 99, 706 ; 100, 
350 , Wroblowski and Olszewski, Ann Chim 
Phys [b] 1, 112) 

(Jarbon monoxide combines with potassium 
at about 80° to form an explosive compound, 

* KCO (Brodie, Chem Soc Trans 18b0, 12, 269). 
It IS rapidly absorbed by a solution of cuprous 
chloride in ammonia or hydrochloric acid, by 
which means it may be directly estimated m a 
gaseous mixture {cf Thomas, Chem News, 37, 6). 
Accord ng to Manchot and Brandt (Annalen, 
1909, 370, 286), it forms the compound 
CuCl C0,2H20, with copper chloride, and the 
2H2O can be replaced by 2NH3 It is also ab- 
sorbed by moist silver oxide. It unites directly 
with chlorine, forming phosgene gas (Schutzen- 
borgor, Zeitsch f Chem [2] 4, 321) It is absorbed 
by heated potassium hydroxide at about 200°, 
formmg potassium formate (Berthelot, Ann. 
Chim. Phys [3] 61, 463) Frdhhch and Geuther 
(Annalen, 202, 317) recommend passing carbon 
monoxide over soda-lime for this purpose. It 
combines with sulphur to form carbon oxysul- 
phide ; with platinum tetrachloride to form 
C308PtCl4 and CgOaPtClj (Schiitzenberger, Ann. 
Chim. Phys. [4] 21, 430). It is rapidly absorbed 

F 
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by anhydrous hydrocyanic acid cooled by a 
freezing mixture, two layers bemg formed, but 
the gas 18 evolved on removmg the tube from 
the mixture (Bottinger, Ber. 10, 1122). It acts 
on metallic alcoholates with formation of acids 
by synthesis (Geuther, Annalcn, 202, 288 ; 
Schroeder. ibid 221, 34) 

Carbon monoxide has been used in electro- 
lytic cells by Haber and Moser (Zeitsch Elektro- 
chom. 1905, ii 593). 

Carbon dioxide, Carbonic anhydnde^ Gar 
homo acid. Gaseous.—Sip.gr. 1 52909 (Rayleigh) ; 
1-52894 (Leduc) V.D. 22 42 at 800°, 21 2 at 
1180° (Meyer and Goldschmidt, Ber. 1882, 15, 
1105). 

Specific heat (const, vol ), 0*33 (equal vol. 
air— 1); 0 2109 (equal wt air=l) (Regnault, 
Compt rend 30, 070, etc , Wiedemann, Pogg 
Ann 157, 24). Ratio of specific heat at const 
press to specific heat at constant volume 
= 1 29—1-305 (Amagat and Rontgen, Compt 
rend 71, 330; 77, 1325) Coefficient of ex- 
pansion=0 0037 (Regnault, Magnus, and Joly) 
PV/P,Vi=l 00722 (Regnault, 20,975); at 
200° carbon dioxide obeys Boyle’s Law (Amagat, 
ibid 08, 1170 , 73, 183) 

uc -1 000395, Ue =1 000350, uo =1 000190 
(Croullebois, Ann. Chim Phys [4] 20, 130 , 
Chapman and Rivii^ie, Compt rend. 103, 37). 
Heat of formation (const, press.) (C-f-Og) 
=90 96 ; (CO 4-0) =07 -90 • heat of formation 
(const vol) (Ch02)=9fi96; (C04- O) =67-67 ; 
(C-f Gad- Aq) = 102-84 ; (C0 + 04-Aq)=73-84 ; 
(COg 4- Aq) = 5-88 ; (COaAq + wNaOHAq) 
= 11*016 (n=l), 20-184 (n=2); 20-592 (??= 4) 
(Thomsen) 

Solubility of CO, in water (Bunsen, Annalen, 
93, 1) — 

at 0° = 1 7907 at 7° = 1 3339 at 14°=1 0321 

1° = 1 7207 8°= I 2809 15° = 1 0020 

2° = 1 0481 9° = l 2311 10°=0 9753 

3°=15787 10°-1 1847 17°=09519 

4° = 1 5120 U° = l 1410 18°-0 9318 

5° = 1 4497 12° = 1 1018 19°=0 9150 

0 ° = 1 3901 13°--:1 0053 20° =0 9014 

whence absorption coefficient 

= 1-7067-0 0770H4-0 0016 12P’ 

For influence of non-oloctrolytes on the 
solubility of carbon dioxide in water, see Usher 
(Chem Soc Trans 1910, 07, 00) 

Solubility of CO 2 in alcohol — 
at 3 2°=4 0442 at 14 3°=3 3257 

6 8°=3 7374 18° =3 0391 

10-4°=3-4876 22 6°=2 8277 

whence absorption coefficient 

=4-32955-0'09396«4-0 00124^* 

For the solubility of carbon dioxide in beer, 
8PA Langer and Schultze (Zeitsch fur des ges. 
Brauwesen, 1879, 2, 369) ; Emslander and 
Freundlich (Zeitsch physikal. Chem 1904, 49, 
317) ; Findlay and Spen (Chem Soc Trans 
1911, 1313). 

Liquid — Sp.gr. 1-057 at —34°; 0*966 at 
-11°; 0 84 at4-]l°; 0-726 at 4-22 2° (CaiUe- 
tet and Mathias, Compt. rend. 102, 1202). Co- 
efficient of expansion very large, 120 vols. at 
—20° become 150 vols. at -1-30° (Thilorier, Ann. 
Chira. Phys 60, ii 427). 

Cntical temperature 30*9° (Andrews, Phil. 


Trans. 1869, 575), 31 35° with a corresponding 
pressure of 72*0 atmos (Amagat) 31 9° and a 
pressure of 77 atmos. (Dewar). Vaj) press, in 
atmos (Regnault) 17*1 at —25° , 30 9 at —5° ; 
35 4 at 0° ; 40 5 at -i-5° , 52 2 at 15° ; 66 at 
25. B p —78*2° at atmos jiress (Regnault). ^ 

Solid — Sp gr slightly under 1 2 (Landolt, 
Bor 1884, 17, 309) Vap press in atmos. 
(Faraday) 5 33 at —57° , 2 2 at —70 5° ; 1 14 at 
—99*4°. When solid CO 2 is exposed to the air, 
the temperature remains constant at —78° to 
—79° (Villard and Jarry ; Pouillet , Reg- 
nault) 

Carbon dioxide was known to Paracelsus and 
Van Helmont, and was carefully studied by 
Cavendish Its true composition was first 
demonstrated by Lavoisier in 1775 It was 
liquefied by Davy and sohdified by Thilorier 
It is formed by the combustion of carbon in 
oxygen or air (Dixon, Chem Soc Proc 1899, 
118, Nauwaan, Zeitsch, angew Chem 1896, 
200) According to Potter (Proc Roy Soc. 
1908, 80, B, 239), amorphous carbon, such as 
charcoal, lampblack, coal, &c., 'when exposed 
to air, is slowly oxidised by the agency of bacteria, 
to carbon dioxide, the iimount of which increases 
with nse in temperature The temperature 
at which carbon will form carbon dioxide 
and monoxide, when heated in oxygen, de- 
ends largely on whether the temperature has 
een reached by heating or cooling (Manville, 
Compt rend 1906,142,1190) The presence of 
moisture is necessary for the combustion of 
carbon in oxygen (Broreton Baker, Chem Soo. 
Trans 1885, 349 , Rhead and Wheeler, Chem. 
Soc Trans. 1912, 101, 846; ibid 1913, 103, 
1210) It is a constant product of ordinary 
processes of combustion. It is also formed by 
the respiration of animals, in various processes 
of^fermentation, and by the decay of animal 
and vegetable substances It is evolved from 
fissures in the ground in volcanic districts, and 
from the craters of active volcanoes, and exists 
m solution in natural waters, some of which 
contain it in such quantities as to effervesce It 
IS found also in mines, quarries, wells, and 
caverns, particularly in limestone districts It 
IS a constant constituent of the atmosphere, 
which contains on the average about 0 034 p.c 
The air m streets often contains as much as 0*05 
to 0 09 p c In crowded rooms it may reach 
0 3 p c. It IS further produced by the decom- 
osition of carbonates either by the action of 
eat or of stronger acids, and is frequently 
formed when organic bodies are subjected to high 
temperatures In the reduction of many metallic 
oxides by carbon • by burmng carbon monoxide ; 
by heating together carbon monoxide and steam; 
and by the action of steam on calcium carbonate 
at red heat , by heating a mixture of potassium 
dichromate and sodium carbonate. 

Best prepared by acting on chalk, marble, or 
magnesite with dilute hydrochloric acid solution. 
The gas may be collected over water or by dis- 
placement of air On the large scale it is obtained 
by heating chalk or limestone to redness in iron 
or earthen vessels (in lime burning) or by burn- 
ing charcoal. It is manufactured also as a by- 
product in the combustion of fuel. Also pure 
on large scale by heating carbonates with steam 
(J. Soc. Chem. Ind. 3, 568). 

According to Thom and Pryor (ibid. 1909, 
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1087)^ pure carbon dioxide can be manufactured 
from limestono by the following process . The 
limestone is heated m closed retorts around a 
central combustion chamber, beneath which is 
a furnace, the whole apparatus being enclosed 
in a casting which excludes an from the retoit^' 
Superheated steam is admitted to the letoits at 
their lower ends, and this decomposes the lime- 
stone and carries the carbon dioxide thiough 
outlets at the toj) of each retoit, leading to a 
collecting gas mam running lound the top of the 
castmg. The retorts have closely htting mouth- 
pieces, at which they are charged and discharged 
respectively. By a system of air and waste -gas 
flues, perfect combustion and the fullest use of 
heat from the waste gases is ensured (Eng Pats. 
20102, 24332, 1908). 

Carbon dioxide is obtained commercially 
from natural waters from the Saratoga springs in 
New Yoik, and also m‘ South Germany Tn 
North Germany the gas is obtained by the 
combustion of 3oke, which is generally considered 
to be the cheapest and best commcicial method 
of producing carbon dioxide ('oke is burnt in 
a generator, a (F'lg 11) , the products jiass into 
s combustion chambei, n, into whu'h hot an is 


it leaves, almost saturated, by the overflow siphon 
and accumulates in the tank n The pump J 
then drives it through the tubular vessels M and 
o (where it is heated to 60° and 90° respectively) 
into the heater c, where its tem[)erature is raised 
to 100° The ‘ poor ley ’ circulates m the 
opposite direction back to the tank K. The 
caibon dioxide evolved fiom c passes into a 
cooler, then to a gasholder (Seliwatolla, Zeitsch. 
angew Ghem 1900, 1284) 

Other methods of obtaining carbon dioxide 
from coke are desciibed by C'andia and Merlini 
(J 8oe Chem Ind 1908, 847), Leslie (tbtd. 
190.5, 240), Gravillon (ihid 1900, 164 , Eng Pat. 
8377, 1904), and many others 

Numerous patents also exist for obtaining 
carbon dioxide from fuinacc gases and from limo 
kilns, mofHt of which de- 
pend ujKui its absorption 
by potassium or sodium 
carbonate solution, from 
which it IS then boiled 
oft (Rylands, d Soc 
Chem. Ind 1892, 1005) 

T/Cslie (ibid 1907, 

688) describes a some- 
what diflerent metliod 
The fiunace gases pass 
fiom a puiiher to 
pump, where they are 




admitted to complete the combustion, thus 
oxidising all the carbon monoxide and hydiogen 
sulphide. The hot gases now pass through 
tubes contained in the vessel thus heating 
and decomposing the bicai bonate solution 
contained in this vessel The gas now passes 
thiough one or more wash towers, n, containing 
limestone over which water trickles, and is 
freed bore from dust and sulphur dioxide e is a 
blower or fan, which sucks the gas through the 
furnace and drives it through the absorbing 
apparatus. F is a lectangular vessel Idled with 
potash loy, and provided with a number of semi- 
circular baffle plates, so arranged that the gas 
accumulates under each successively, thus re- 
maming exposed for a considerable time under 
the pressure of the column of fluid to a large 
surface of liquid The absorption is further 
helped by an agitator, which thiows the liquid 
into the upper portion of the vessel From f 
the gas passes into the tower o, where the 
absorption is practically completed, and then 
leaves the apparatus The circulation of the 
potash ley starts from the tank K, whence it is 
pumped by h through the Korting’s jets into the 
upper part of o, which is thus filled with fine 
spray. The siphon at the bottom of the tower 
delivers the partially saturated ley into F, which 


compressed, after which they are cooled in a heat 
interchanger, from winch they are led to a drying 
vessel, containing calcium chloride, into a re- 
ft igeiator, m which the carbon dioxide is con- 
densed to snow , the other gases, still above 
their critical tcmpciature, are passed back 
through the interchangcr, whilst the carbon 
dioxide IS liquehcd and drawn off into tubes 
and cylinders (Eng Pat 11902,1906) 

A method of obtaining sterilised carbon 
dioxide, with disinfecting pioperties, is desciibed 
by Bouohaud-Praceiq (J Soc. Chem. Ind 
1908, 994) 

Many attempts have been made to collect 
the carbon dioxide given off during fermenta- 
tion processes, and some of these have been 
successful from a commercial and industrial 
point of view 

Mixtures of a carbonate or bicarbonate with 
a salt or double salt, which is readily hydrolysed 
m aqueous solutions, have been prepared for 
the generation of carbon dioxide (Menter and 
Sedhtzky, J. Soc Chem Ind 1908, 1151 ; Eng. 
Pat 14863, 1908). 

Ageron and Bemy (J. Soc. Chem. Ind. 1906, 
847) have prepared a compound by heating a 
mixture of magnesium sulphate and sodium 
sulphate or bisulphate with sulphuric acid, 
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which they use as a substitute for acids in 
liberating carbon dioxide from carbonates. 

Carbon dioxide is a colourless, inodorous gas, 
neither combustible nor a supporter of combus- 
tion. Strongly heated potassium or sodium and 
brightly burning magnesium burn in carbon 
dioxide 

When quite diy it has no action upon litmus, 
but if moisture be present the litmus is coloured 
wmo-red. The colour disappears on exposure 
to air, owmg to escape of the gas. Passed into 
lime-water, carbon dioxide renders it turbid, 
owing to the formation of calcium carbonate, 
but if the gas be m excess, the neutral carbonate 
is converted into an acid carbonate, and the 
liquid becomes clear. 

Carbon dioxide is rapidly absoibed by a solu- 
tion of caustic potash 

Between —85° and -)-54° absolutely dry 
carbon dioxide does not react with absolutely 
dry alkali hydroxides. At oi above 54°, the 
dry substances do react, and at 85° a trace of 
moisture at once starts the reaction, which is 
completed very rapidly (Moissan, Compt rend. 
1903, 136, 723) It is also absorbed by sulphuric 
acid [100a— 926], where a = Bunsen’s absorption 
coefficient (Bohr, Chem Zentr 1910, ii. 1414). 

Its solution in water has a sp gr. 1 0018 
It has a slightly acid taste, colours litmus wme- 
red, and partially neutralises alkahs and dissolves 
carbonates of barium, strontium, calcium, and 
magnesium, &c. 

The solution corrodes iron Krohake ( J 8oc 
Chem Ind 1900, 520) found that water contain- 
ing about 40 mgrms. of CO 2 per Ltre reduced iron 
pipes in a short time from 26 mm to 7 mm 
diameter, owing to the formation of a blown 
crust, the pipe itself being corroded to a depth 
of 1-3 5 mm 

Its solution in water probably contains 
carbonic acid HjCO.^. At ordinary tempera- 
tures, and under 1 atmosphere, the mass of 
carbon dioxide dissolved increases as the pressure. 
But at pressures of 2, 3, or more atmospheres, the 
mass of carbon dioxide dissolved is less than that 
calculated by Dalton and Henry’s law {v 
Khanikoff and Louguinine, Ann Chim Phys 
[4] 11, 412). By the action of carbon dioxide 
under pressure on water at low temperatures, 
the crystalline hydrates COgjbHgO (Villard, 
Compt. rend. 1894, 119, 368), C02,8H20, and 
C02,9H20 (Hempcl and Seidel, Ber 1898, 31, 
2997) have been obtained 

Water which has been saturated with carbon 
dioxide under pressure gives it up as soon as the 
pressure is removed This property is made use 
of in the manufacture of effervescing drinks and 
aerated waters [v Aeeated waters) 

Under the same pressure the volume of gas 
absorbed by water diminishes as the temperature 
rises, the whole of the gas being expelled at 
boiling heat. Hence carbonic acid water, hold 
ing an earthy carbonate in solution, deposits it 
when the water is boiled This is the cause of 
the furrmg of kettles, boilers, &c , m which 
spring or nver waters have been boiled. 

Potassium bums in carbon dioxide at a red 
heat with a red mcandescence, depositing char- 
coal mixed with potassium carbonate Sodium 
decomposes it m a similar manner, as do phos- 
phorus and boron in presence of an alkali. 

It is decomposed by the electric spark into 


carbon monoxide and oxygen, if hydrogen, or 
mercury, or some other metal is present to com- 
bine with the • oxygen, otherwise the carbon 
monoxide and oxygen recombine to form carbon 
dioxide (Collie, Chem 80c. Trans 1901, 1063). 

Partly decomposed by electric sparks, a 
condition of equilibrium is attained when change 
of CO 2 into CO + 0 equals that of CO + 0 into 
CO 2 (Dixon and Lowe, Chem Soc Trans 47,571). 

Carbon dioxide is decomposed by the silent 
electric discharge, the amount of decomposition 
varying with the degree of dryness of the gas, 
the intensity of the discharge, and the form of 
ozomser emplo3^ed, but in all cases a diminished 
pressure of the gas results in a greater decompo- 
sition (Holt, Chem Soe Proc 1908, 24, 271). 

Ultra-violet light decomposes dry carbon 
dioxide at the ordinary temperature into carbon 
monoxide and oxygen , similar results are ob- 
tained by the action of radium emanations 
( Hcrsehfinkel, (.ompt rend 1909, 149, 395 ; 
Jtamsbottom, CJhadwick, and Chapman, C'hem. 
Soe Proc 1906, 23) 

It IS partly changiul to carbon monoxide and 
oxygen by heating to 1300° in a porcelain tube 
(Deville, (V)mpt lend 56, 729, also Berthelot, 
tbid 68, 1035) 

When heated at 350° with hydrogen ovei 
I educed nickel or cobalt, it is completely leduced 
to methane (Sabatier and Senderens, ibid. 1902, 
134 689). 

With carbon at 500°-650°, it forms carbon 
monoxide, equilibrium being reached when the 
mixture of gases contains 61 p c unreduced CO 2 
(Boiidouard, ibid 1899, 128, 824, 1524 ; 1905, 
141, 252) 

Mixed with hydrogen and heated to bright 
redness, or submitted to induction sparks, 
carbon monoxide and watoi are formed , if 
the water is removed, the whole is converted 
to carbon monoxide (Dixon, Chem. Soc. Trans. 
49, 94 , Gautier, Bull. Soc. chim. 1906, 35, 929). 
A mixture of carbon dioxide and hydrogen 
passed over red-hot pumice yields carbon and 
water (Dubiunfaut, Compt, rend. 74, 125). 

Mixed with sulphur-vapour and passed 
through a red-hot tube it gives carbon monoxide, 
sulphur dioxide, and a little carbon oxysulphido 
(Berthelot, Bull. Soc chim. [2] 40, 362) Passed 
thiough a red-hot tube with sulphuretted 
hydrogen, it forms carbon monoxide, water, and 
sulphur (Kohler, ibid. 11, 205) Reduced to 
carbon monoxide by hydrogen, iron, and zinc 
or copper which has occluded hydrogen (Tissan- 
dier, Compt rend 74, 531 ; Schrotter, Wied Ann. 
34, 27) ; by potassium cyanide (Eiloart, Chem. 
News, 54, 88) , by protoxides of iron and tin 
(Wagner, Zeitseh anal Chem. 1879, 559) ; and 
partially by ferrous sulphate, and a little water 
in a closed tube (Horsford, Ber 6, 1390). 

Carbon dioxide is reduced to carbon by 
heating with potassium, sodium, magnesium, or 
silicon (Schinole, J Soc. Chem. Ind. 1895, 1060). 
Alkaline carbonates heated strongly with phos- 
phorus or boron give carbon dioxide, which is 
reduced to carbon (Tennant, Crelles Annalen, 
[1793] 1, 158 ; Dragendorff, J. 1861, 111 ; 
Leeds, Bull. Soc. Chim. 12, 1834 and 2131) ; 
decomposes moist potassium iodide at high 
temperatures, yielding hydriodio acid (Papa- 
sogli, Gazz. chim. ital. 1881, 227' ; it also 
decomposes alkaline aluminates (Ditto, Compt. 
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rend. 1893, 110, 380) ; and, according to Moore, 
liberates nitrous acid from mtrites (J. Amer. 
Ohem. Soc. 1904, 26, 959). Solution of carbon 
dioxide in water yields sodium formate with 
metallie sodium (Kolbe and Schmidt, Annalen, 
119, 251) Carbon dioxide is assimilated by the 
chlorophyll of plants under the mfluence of 
sunlight, carbon being abstracted and oxygen set 
free. Carbon dioxide diliuses tin ough caoutchouc 
(Kobbe, Chem Zcit 1890,14 1142) 

The specific heat of cai bon dioxide is greater 
at high than at ordinary temperatuies (Beithelot 
and Vieille, Compt rend 98, 770 and 852) 
According to Hoiipe-Seylei (Zcitsch physikal 
Chem 10, 201, and 10, 401), the eai borne acid 
and marsh gas found m water- logged soils is due 
to a widespread process of fei mentation of 
cellulose 

In any working- or living-room the laibon 
dioxide should not bo more than 10 volumes per 
10,000 of ail. 

To estimate the caibon dioxide in air, a 
measured sample of the air is passed through a 
known quantity of baiium hydioxide, colouied 
with phenol phthalem, and by noting the quantity 
of air needed to decolouiise the hydroxide the 
carbon dioxide can bo calculated The method 
IS sometimes modified by using a limited volume 
of air, and titrating the hydroxide remaining 
unneutialised (Ballo, Bei. 1884, 1097 ; Wiener, 
Monatsh. 1894, 15, 429 , Hemiet, Compt rend. 
1896, 123, 125 ; Woodman, J. Amer ('hem Soc 
1903, 25, 150 , Jean, Compt rend 1902, 135, 
746, J Pharm Chim 1903, 27, 418, Pecoul 
and Levy, J. Soc Chem. Ind 190(), 655 , Davies 
and McLellan, ihui 1909, 232) 

Caibon dioxide is used extensively in the arts 
for the manufacture of aerated w<itois, in sugar 
manufacture for sejiaiatmg lime from the juice of 
the sugar-cane, in biead making, and for raising 
and clarifying beer. 

It is also employed foi protectmg wines liom 
moulds and acetifying oiganisms. It preseives 
their aroma and bouquet, and makes the wine 
fresher, sweeter, and stionger. Wines can also 
be revivified by the gas (Piaz, J Soc Chem 
Ind. 1894, 266, 1903, 644, Pmi, Bull do 

r Assoc, des Clum 1898, 15, 741) It also pos- 
sesses antiseptic pioperties and retards the jiutre- 
faction of moat (Kolbe, J pr Chem [2] 28, 61) 
It has also been pioposed to use it as a motive 
power where fuel is expensive (Herbert, Chem. 
Zentr. 1885, 543, 558, 572) 

Mixed with acetylene (about 5-8 pc.), it 
decreases the smokiness of the flame and prevents 
the clogging of the burners (J Gas Lighting, 
1898, 72, 916). 

Liquid carbon dioxide (Buchner, Zeitsch 
physikal Chem. 1906, 54, 665) can be obtained 
in large quantities by an ajiparatus described by 
Thdorier (Annalen, 30, 122) Natteier com- 
pressed carbon dioxide by a specially constructed 
air-pump (J pr Chem 35, 169) , v also Goic, 
Phil Trans 1861,63) It is prepared from bisul- 
phates by the action of carbonates, the apparatus 
consisting essentially of a leaden vessel contaming 
a solution of the bisulphate and having a stirrmg 
apparatus and gear fixed air-tight to it. By 
means of a tube and pump an equivalent quantity 
of calcium carbonate (obtained as a waste 
I roduct i 1 the manufacture of caustic soda) 
suspended m water in a second vessel is forced 


in and the stiner set in motion The libeiated 
carbon dioxide is dried and passed into a gaso- 
meter from which it is afterwards condensed. 
An apparatus is also described which allows the 
evaporation and expansion of liquid carbon 
dioxide to take place lound a tube contaming a 
solution of calcium chloride. The latter is so 
cooled that it may be used for the manufacture 
of ice The carbon dioxide thus used is passed 
over moist sodium carbonate, convertmg it into 
bicaibonate, which may be again used in the 
carbonic acid manufactory (Thomas, Zcitsch. 
angew. Chem 1900, 38()) (Por description and 
figuie of apparatus for liquifying (JO 2 and for 
bottles in whicli it is stoied and sold, see {Sisson, 
J Soc. Chem Ind 1901, 242 ) 

Liquid caibon dioxide may be bought m non 
or steel bottles contaming 8 kilos, (about 4000 
litres of the gas at ordinary temperature and 
pressure), costing about 1 sh per kilo It 
furnishes the cheapest means foi aerating 
wateis, and is used for raising sunken ships, for 
driving torpedoes, for extinguishing fires, ioi 
cooling pui poses, and, as ‘ ihetet’s fluid,’ for 
freezing machines, and by the fiini of Krujip, 
in Kssen, for the condensation of steel and other 
metals, and is fuither suggested as a motive 
power for tramcars and balloons (J Soc. Chem. 
Ind 4, 610) 

It IS also used for niakmg caibonates and 
other cliemical products, for filteimg and sterilis- 
ing oiganic liquids (d’Arsonval, Compt. rend. 
1891, 112, ()67), and m Geimany for the gcncia- 
tion of pressure on storage casks of beer to the 
faucets above where the beer is drawn for con- 
I sumption In Lngmeeimg, Dec. 3, 1903, a 
desciiption is given of its use m railway signalling 
in outlying stations, to supply the motive power 
for woiking the signals, so as to avoid the expense 
of compiession machmeiy or of long lengths of 
connecting pipes 

Liquid caibon dioxide is colourless, very 
soluble in alcohol, ether, and volatile oils, but 
does not mix with water. When the pressure is 
suddenly lelieved, part of the carbon dioxide 
immediately vaporises, producing sufficient cold 
j to solidify the remainder. Landolt allows the 
liquid to evapoiatc freely into woollen bags, and 
[ compresses the solid carbon ylioxide in conical 
wooden moulds by wooden pistons (Ber 17, 309) , 
cf Purcell (J Soc Chem Ind 1892, 936 , Eng 
Pat 13684, 1891). A vessel for storing sohd 
carbon dioxide is described by Ileyl and Wultze 
(J. Soe. Chem Ind 1904, 1215 , Eng Pat. 
344957, 1904) 

An apiiaratus for obtaining small and large 
quantities of solid carbon dioxide is described 
by Eechiu (J pr. (Jhem 1903, 67, 423 , J Soc. 
Chem Ind 1903, 626) , also by Klsworthy (J. 
Soc Chem. Ind. 1905, 1231). (For an apparatus 
for collecting solid carbon dioxide, v Ducietet, 
Compt rend 99, 235.) 

Solid carbon dioxide is a white, flocculent, 
snow-like mass, melting at —56 7° at 5 atmo- 
spheres pressure, and may be left exposed to the 
air for some time without sensible evaporation. 
An air or spirit thermometer immersed m it 
sinks to —79° , it can, however, be placed on the 
hand without any acute sensation of cold. . By 
mixmg with ether its refrigerating power is 
greatly increased. This is denied by Villard 
and Jerry (f.c.) but the temperature smks to 



70 


CARBON. 


—85° when it is mixed with chloroform. The j 
temperature can readily be reduced to —90° by 
passing a current of air through the mixture. At | 
5 mm pressure the temperature of sohd carbon | 
dioxide soon falls to —125°. I 

Magnesium powder burnt m a dish of solid ' 
00 2 deposits carbon (Brunner, Bcr 1905, 38, • 
1432). I 

Compounds of Carbon | 

Carbon tetrabromide or Tetrabrommethane i 

CBr^ White lustrous crystals of a character- 
istic pungent smell ; m p. 91° ; bp 189 5° 
with slight decomposition ; bp 101° at 50 mm 
without decomposition Occurs in two enantio- 
tropic forms (Rothmund, Zeitsch physikal. 
Chem 1899, Obi). Insoluble in water, soluble 
in alcohol, ether, and chlorofoim Best ob- 
tained bv action of bromine on caibon disulphide 
in presence of iodine (Bolas and Groves, Chem 
Soc Trans. 1870, 10 1 , 1871, 773) 

Carbon tribromide or Hexabromide, Telra- 
hroynmethyhne dihromide v^mall lect 

angulai prisms obtained by action of biomirie 
on ethylene dibromido , or by heating C^HBr^ 
with bromine and water at 170° Soluble in 
carbon disulphide; insoluble in alcohol and ether 
Decomposed at 200° into (^261*4 and Bra (Reboul, 
Annalen, 124, 271) 

Carbon dibromide, T Hr ah ommethflenc, C52B14 
White crystals ; m p 53° ; formed by action of 
nascent hydrogen on C2Brg (Lowig, Annalen, 3, 
292 , Lennox, Chem ISoc Trans 1802, 14, 209) 
Carbon bromide, DibromacHylidcnc C (’Bro , 
bp 76°. JTeparod frorn.tctiabromoethaiie by 
removal of two molecules of hvdrobroniK' acid 1 
{Spontaneously inflammable in air and very 
explosive (Lemoult, Bull See ehim 1905, 43, 
193) It contains a double bond (Lawne, Amer 
Chem. J 1906, 36, 487) 

Chlortribrommethane CCJlBr^ Colouiless 
plates , m p 55° , b p 160° IVepaied by 
heating chloroform with bromine at 250°, and 
retaining fraction distilling at 160° (Besson, 
Compt rend 1892, 114, 223) 

Dichlordibrommethane CC^Brj, Fine needles, 
mp 22°, bp 135° Obtained from chlorofoim 
by action of bromine as above, retaining the 
fraction of the product boiling at about 135° 
(Besson, I c), 

Trichlorbrommethane Cf^gBr , mp -21°; 
b.p. 104°. From chloroform and bromine (Be.sson, 

I c ) Fiom bromine and trichloracetic acid 
(J. H van’t Hoff, Bci. 1877, 678) 

Chlorotribromethylene CClBr ('Br2; mp 
34°, bp 203°-205° at 734 mm (Denzel, ibii 
1879, 2208) 

aa-dichloro-^/3-dibromoethylene CCI 2 • CBu , 
bp 194° (Boiirgoin, Bull Soc cliiin 1875, 116, 
and Denzel, Annalen, 1879, 208). 

a)9-dichloro-a)S-dibromoethylene CClBr (X4Br, 
b.p. 172° at 765 mm. (Swarts, Chem Zentr 1899, 
i. 588). 

Trichlorobromoethylene CCI2 (T3Br , ra p 
— 12° to —1.3° , b p 145°-148° (Besson, Compt 
rend. 1894, 119, 88) 

Chloropentabromoethane C2ClBr5 , m p. 170° 
Denzel, Ber 1870, 2207) 

aa-dichioro-a)9)9)9-tetrabromoethane 

CClaBr-CBr, 

Colourless crystals ; m.p 180° (Denzel, Ber 
1879. 2207). 


aj3-dichioro>aa^j8tetrabromoethane 

CClBra'CClBra 

m p 191° (Swarts Chem. Zentr. 1899, [1] 588) 

a/3j3-tricbloro-aa tribromoethane 

CClBr^ CClgBr 

m p. 178°-180° (Besson, Compt. rend 1894, 88). 

a/8^^-tetrachIoro-aa-dibromoethane 

CClBr^'CCU 

Pri.sms fiom alcohol , smells like camphor. May 
be sublimed (Patornb, Gazz chim ital. 1, 593 , 
Bourgoin, Bull Soc. chim [2] 23, 4 , Gossner, 
Chem Zentr 1903, 11 1053) 

aaj3/3-tetraebloro-a/3-dibromoethane 

CCl^BrCCl.Br 

Tables from alcohol (Malaguti, Ann Chim Phys. 
1846, 24 , Gossnei, Chem Zentr 1903, 11. 1053). 

Fluorotribromomethane CBrgF, a colourless, 
heavy, pleasant -smelling liquid, b p 107°/760 
mm , obtained by heating carbon tetrabromide 
at 50°-60° with silver fluoride 

Difluorodibromomethane CBrgFg, a mobile 
liquid, bp. 24 5°/760 mm, mp below —80% 
foimed by the action of the piecedmg compound 
on silver fluoride (Rathsburg, Ber 1918, 51, 
669) 

Carbon tetrachloride or Tetrachlormethane 

C{Cl4 was first obtained by Regnault (Annalen, 
1840, [33] 332), who prepared it by the action of 
chlorine on chlorform in sunshine . 

CHCla-f CI2 - HCH-CCI4 
Dumas afterwards obtained it by the action 
of chlorine upon marsh gas (Annalen, 1840, [33] 
187) It can also be prepared by passing caibon 
disulphide saturated with chlorine through a 
red-hot tube The mixture of carbon tetra- 
chloride and sulphur chloride thus obtained is 
treated with potash, or milk of hme and the 
tetrachloride distilled off (Kolbc, Annalen, 1843, 
45, 41 , 1845, 51, 146) The tetrachloride may 
contain carbon disulphide if that substance was 
in excess, or if the heat was insufficient This 
may be removed by leaving the hquid for some 
time in contact with potash Geuther removes 
the carbon disulphide by conveiting it into 
potassium xanthate by di.ssolvmg the mixture 
in alcohol, adding alcoholic jiotash so long as the 
liquid becomes darker m colour, and heating 
gently , the unaltered tetrachloride is separated 
by water and purified by washing (Geuther, 
Annalen, 1858, 107, 212 , and ISelmitz -Dumont, 
Chem Zentr. 1897, 11 265). 

The complete chlorination of carbon disul- 
phide and of many other carbon compounds can 
be more readily accomplished in the presence of 
a chlorine carrieV Thus, m the case of carbon 
disulphide, bromine has been used (Crump, 
Chem News, 1886, 14, 154) and iodine, both 
alone (Morel, Compt. rend. 1877, 84, 1460) 
and m the presence of metallic iron (Serra, 
Chem. Xentr. 1899, 11. 1098) • antimony penta- 
chloride reacts with carbon disulphide alone, 
without the addition of chlorine. The mixture 
becomes hot, and on cooling deposits crystals 
of antimony trichloride mixed with sulphur, 
whilst carbon tetrachloride remains m solution 
(Hofmann, Annalen, 1860, 115, 264) 

A large number of other substances can be 
used as catalytic agents, e.y. molybdenum pen- 
tachloride (Armhoim, Ber. 1876, 1788), the 
chlorides of phosphorus and arsenic, and also a 
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series of chlorides of metals, especially those of 
the iron group. In the presence of these sub- 
stances, sulphur chloride reacts readily with 
carbon and excess of chlorine, givmg carbon 
tetrachloride A stream of chlormc is led over 
a red-hot mixture of charcoal and sulphur 
Carbon disulphide is fiist foirned, then carbon 
tetrachloiide and sulphui monochloride , the 
latter then breaks up into chlorme and sulphur, 
and the piocess begins over again The carbon 
tetrachloride piepared m this way is usually 
contaminated with sulphur chlorides and chlor- 
ethane compounds (Combes, Chem Zentr 1909, 

I, 320 , J ISoc Chem Ind 1902, 272 and 1409) 
In the presence of manganese chloride the 
reaction can be earned out with precipitation of 
sulphur, which can be used to manufacture more 
carbon disulphide (Cote and iherron, ibid 
1903, 902. Febvre, ibid 1905, 1189) Othei 
carbon compounds beside carbon disulphide 
can be completely chlorinated. Thus chloro- 
form heated with iodine chloride at 105° gives 
carbon tetiacliloride (Friedid and Hilva, Bull 
8oc chilli 1872, 537), the s.inic reaction taking 
place, to a slight extent, m the piesence of 
aluminium irichloiide instead of iodine chloiide 
(Moimeyrat, ibid 1898, 202) 

Ferchloi methyl foiinate, when tieated with 
aliiinmiuin chloiidc m the piopoition of 50 
parts to 1 of chloride, also yields caibon tetra- 
chloride CCIO 2 CCl3=CCl4-l-C02 (Hcntschcl, 

J. pr Chem 1877, 300) 

'I’ho technical preparation of carbon tetra- 
chloride is generally earned out by the direct 
chlorination of caibon disulphide m the [iiesence 
of powdered aluminium chloride, the quantity 
of catalyst necessary being only about 1 p c of 
the carbon disulphide used 

CS2+3(l2 -= CCl^FSa^^ 

The sulphur chloride reacts separately with 
more carbon disulphide m the prcvSence of iron 
filings, and the crystalline sulphui which is 
formed is employed again 111 the manufacture 
of carbon disulphide (Urbam, Chem Zeit 1902, 
1086; Breteau, J Pharni Chun 1908, 110, 
Urbam, J Soc Chem Ind 1902, 926 , Eng Pat 
13733) 

Later modifications of the process consist in 
the furthei chloimation of the sulphur mono- 
chloride, m the presence of antimony chloride, be- 
fore treatment with carbon disulphide (Haworth 
and Baker, J Soc. Chem Ind. 1906, 659), 
and the use of a solution of sulphur m sulphur 
monochlonde, m a finely divided condition, as 
a chlorine carrier (Acker and Strue, ibid 1908, 
833) Instead of alummiuin chloride, aluminium 
amalgam has been employed (Castner Co ibid, 
1905, 903) Under this patent, the resulting 
carbon tetrachloride is purified by treatment 
with a solution of alkaline sulphide containing 
free alkali, the carbon disulphide being removed 
as thiocarbonate (c/. How Chemical Co US 
Pat. 1204608; J Soc Chem. Ind. 1916, 35, 
1271) 

The Isco Chemical Co (U S Pats. 1260621 
and 1260622) treat carbon disulphide containing 
free sulphur with chlorine in piesence of a 
catalyst to form sulphur dichlondo and carbon 
tetrachloride, and an additional quantity of 
carbon <^hsulphide is then added to convert the I 
sulphur dichloride into sulphur monochlonde, { 


with the formation of more carbon tetiacliloride 
The product is tieated with suflicient tin to 
convert the sulphur monochlonde into sulphur, 
with the foiniation of stannic chloride, and 
after separating the sulphui, water is added 
to hydrate the staimie chloride, and the caibon 
tetrachloiide is recovered from the mixtuie by 
distillation 

A numbei of electric-heatmg processes have 
been suggested A mixtuie of sodium ehloiide 
and silica is heated m the lowest poition of a 
furnace lined with magnesia, and piovided with 
three sets of electrodes, one above the other 
The middle electrodes heat a mass of coke, and 
the chlorine from the alkali chloride reacts 
with the incandescent carbon, foimmg carbon 
tetiaehlonde, which, after passing through the 
arcs between the third set of electrodes, is dis- 
tilled off The tempeiatuie does not exceed 
2000° (Maehalske and Lyon, J Soc Chem 
Jnd 1903, 1298 , Maehalske, Chem Zentr. 
1904, 1, 1069) The chlonne can also be supplied 
fioin an external souice, the carbon only being 
heated by electiicity (Maywald, J Soc Chem 
ind 1907, 1253) 

Another piocess consists m heating together 
lime, calcium chloiide, and caibon m the absence 
of air m an electiic furnace, m the pioportions 
indicated by the ei^uation 

2( 7i() f 2( laCl 2 -I- 10( ! - 4( ^a( ! 2 T 2COVA ^ 

The caibonyl chloiide is led ovei heated 
coke, animal chaicoal, 01 pumice, where it is 
decomposed into caibon tetiaehlonde and carbon 
dioxide by surface contact (Maehalske and 
Darlington, J Sue Cliem Ind 1906, 559) 

A mixture of lalciurn chloiide and coke, 
heated m the electric furnace m a stream of 
chlormc, also yields caibon tetrachloiide (Mat- 
thews and Dailington, ibid 1906, 1232) 

The halogenation of metallic or other car- 
bides, such as acetylene, also yields carbon 
halides, so long as the temperature is kept 
below the dissociation point of the halide 
rec[uired (Blackmore, ibid 1908, 712) 

(Jarbon tetrachloride is a transparent colour- 
less liquid, with a pungent aromatic odour ; 
mp —22 7°, bp 76 74°, and sp gr 1 63195, 
0°/4° (Thorpe, Chem Soc Trans 1880, 201) ; 
76 96° (coir ) (Thorpe and Rodger) ; (Moles, 
Anal. Fis Quim 1912, 10, 30). Its specific 
heat increases regularly from 0 2010 at 0° to 
0 2031 at 70° Tlie specific heat of the vapour 
falls fromO 14 at 0° to 0 115 at 70° (Mills and 
MacRae, J Physical Chem 1911, 15, 54) 

The vapour pressure of carbon tetrachloride 
has been measured by Schreinemakers (Zeitsch 
physikal (3hom 1904, 48, 445). The compicssi- 
bdity has been measured by Richards and Stull 
(Amer. (^hem J. 1904, 26, 408). In the solid 
state carbon tetrachloride is tnmorphous, the 
three modifications melting at —28 6°, —23 '77°, 
and —21 2° respectively, the second bemg the 
form usually obtained (Tammann, W. Ann. 
1898, 489) The refractive index for the Ime 
F IS I 4726, and for the hne D is 1 4658 (Glad- 
stone, Chem Soc Trans 1886, 623). 

Its dielectric constant has been measured 
by Turner (Zeitsch. physikal. Chem. 1900, 385), 
Drude (Zeitsch. physikal. C^em. 23, 267), 
and Veley (Phil. Mag. [6] 11, 73). Its solu- 
bihty in water, which is extremely small, 
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has boon measured by Rex (Zeitsch. physikal. 
Chem. 65, 355). 

It 18 soluble in alcohol and ether, and 
dissolves a largo number of organic substances, 
especially those of a fatty nature, whence its 
wide application in the arts It is preferable to 
carbon disulphide on account of its non-inflam- 
mability. With sulphonated oils and resms it 
yields a gelatinous soap, which is miscible with 
watei (Stockliausen, Chem. Zentr. 1906, ii. 731) 
It yields chlorine and lower chlorides of carbon 
on jiassing through a led-hot tube (Regnault, 
I c ) When mixed with hydrogen and passed 
through a red-hot tube with pumice, it yields 
marsh gas and ethylene (Beithelot, Ann Chim 
rhys 1858, 53, 09). 

The same mixture passed ovet reduced nickel 
yields hexachlore thane (carbon trichloride) at 
270°. With excess of hydrogen at the same 
temperature, tetraehlorethylene (eaibon dichlo- 
ride) is obtained (Sabatier and Mail he, (^ompt 
rend 1904, 138, 407) 

Mixed with sulphuretted hydrogen and 
passed through a red-hot tube, the vapour of 
carbon tetrachloride yields hydrochloiic acid 
and carbon sulpliochlorido CSCI2 (Kolbc, 
Annalen, 1843. 45, 41, and 1845, 54, 140) 

Heated under pressuie with oxygen and 
water at 260°, it foims carbonyl chloride and 
carbon dioxide (Goldschmidt, Bcr 1881, [14] 
928). In alcoholic solution, and treated with 
potassium amalgam, it yields chloroform, marsh 
gas, and methylene clilorido (Regnault, lx.) 
Phosphorus pentoxide at 200° acts in two 
ways in the first, caibonyl chloride and caibon 
dioxide are produced , in the second, m the 
presence of more phosphorus pentoxide, carbon 
dioxide alone is obtamccL 

2CCUd P205--C0Cl2+C02-{ 2POC1, 
3CCl4-f2P206-=3C02+4P0Cl3 
(Gustavson, Zeitsch. f Chem 1871, 615). 

A similar reaction takes place at 100° with 
sulphur trioxide, carbonyl chloride being formed 
CCl4d-2SU,-S2Cl206 + C0Cl2 
(Krdmann, Ber. 1893, 26, 1993). 

With the oxides of many metals, a similar 
production of carbonyl chloride, togethei with 
carbon dioxide and the chloride of the metal, 
takes place (Dcmarcay, Compt. rend. 1887, 104, 
111 ; Quantin, ihid. 1887, 104, 223 , 1888, 106, 
1074 ; Delafontame and Lmcbarger, Amer 
Chem. J. 1896, 632). 

With zme and dilute acid, carbon tetracliloride 
is converted mto hydrochloric acid and chloro- 
form (Geuther, I c ). Alcoholic potash slowly 
converts it into potassium chloride and caibonate 
(Regnault, I c ). By long-continued action at 
100° in sealed tubes, alcoholic potash converts 
it partially into ethylene (Berthelot, Ann. Chim 
Phya 1859, 109, 118) With alcoholic potash 
and anilme it yields phenyhsocyamde (t/ 
Chloroforin). With phenylaimne it yields di- 
phenylaminobenzamido (Hofmann, Proc Roy 
Soc 9, 284, and 10, 184 , Wieth, Bcr 1877, 10, 
358 ; Michler and Walder, Ber. 1881, 14, 2174), 
a reaction facilitated in presence of a copper- 
mercury couple (Hfirtung, Chem Soc Trans. 
1918, 113, 163). By the action of sulphur at 
220°, a number of sulphochlondes of carbon 
are formed, the final product being carbon 
disulphide (Klason, Ber. 1887, 20, 2376). It is 


decomposed at 200° by molecular silver, being 
converted into hexachlorethano O2CI3 (Gold- 
schmidt, Ber. 1881, 14, 927). By heating with 
aluminium bromide it is readily converted into 
carbon tetiabromide (Gustavson, Bull. Soc. 
chim. 1881, 556). 

Heated in a sealed tube for 10 hours at 
130° with hydnodic acid, carbon tetrachloride 
yields iodoform and hydrochloric acid (Walfisz, 
^bid 1893, 7, 256) Acetylene reacts with 
carbon tetrachloride, yielding free carbon in a 
very linely divided form, hydiochlonc acid being 
formed at the same time (Sandman, Ghem Soc 
Ab.str. 1902, 82, 1 581) C'arbon tetrachloride 
reacts with benzene m the piesencc of alummium 
trichloride, giving, as chief product, cliphenyl- 
dicliloromethanc, CGl2(f^'6H^6)2 (Boeseken, Chem 
Soc Abstr 94, 1. 189) Carbon tetrachloride 
absorbs ozone, giving a blue solution 

In its physiological action, carbon tetra- 
chloride stiongly resembles chloroform. 

Its popularity as a solvent in the ails has 
been somewhat dimmished by the inci easing 
manufacture of tetrachlorcthanc C2CI4H2, as 
the latter is more iiidilleient toward metals, and 
IS readily pioduced by the action of chloiine on 
a double compound of antimony pcntaohlonde 
and acetAlene (D R P. 154657, 1906), 

Carbon trichloride, Carbon hexachloride, 
Tetraehlorethylene dichloiide, IlexachlorcthanCf 
Perchlor ethane C-Clg, discovered by Faraday 
(Phil. J’rans 1821, 17), also investigated by 
Regnault (Ann Chim Phys 1838, [2] 69, 166, 
and 1839, [ 2] 71, 37 1 ) Is obtamed by the action 
of chlorine in sunshine upon various derivatives 
of ethyl and ethy’enc , on caibon dichlonde , on 
ethylene chloride (Faiaday,^ c ) , and also (Liebig, 
Annalen, 1, 219) on ethyl chloiido, first in the 
shade, afterwards in sunshine (Lauient, Ann. 

I Chim l^hys 1837, [2] 64, 328) , on mono-, di-, 

I or tn-chlormated ethyl chlondo (Regnault, / c ) , 
on etliyl sulphite (Kbclmen and Bouquet, ibid. 

I 1846, [3 1 17, 66) , on ethyl oxide (Regnault) ; on 
i hydiocliloiido of ethylamine (Geuther and 
Hofacker, Annalen, 1858, 108, 51) (m this process 
some chloride of nitrogen is produced) , by 
passing the tctiachloride through a red-hot tube 
(Kolbe, Annalen, 1815, 54, 147) , by distilling 
peichlorethylic oxide, and lepoatedly treating 
the distillate with water (Malaguti, Ann Chim. 
Phys 1846, [3] 16, 14) , by heating carbon 
tetrachloride with copper powder at 120° 
(Radziszewski, Ber. 1887, 17, 834) or with 
molecular silver at 200° (Goldschmidt, ibid. 
1881, 14, 928) , by heating acetyl chlondo 
with excess of phosphorus pentachloride at 
180° (Hubner and Muller, Zeitsch f Chem. 
1870, 328) ; by heating propyl chloride or isO‘ 
butyl chloride with iodine trichloride at 200° 
(Rrafft and Merz, Ber. 1875, 8, 1298) , by treatmg 
pontachlorethylchloroformic ester with aluminium 
chloride (Muller, Annalen, 1800, 258, 63). 

Carbon trichloride crystallises fiom a mixture 
of alcohol and ethci in light rhombic prisms 
(Gossner, Chem Zentr 1903, 11. 1052) Colour- 
less, transparent, and nearly tasteless, but having 
an aromatic odour resembling that of cam- 
phor , sp gr. 20; m p. 184°-186° (Bolton, 
Zeitsch. Flektrochem. 1902, 8, 165 ; 1903, 

9, 209), volatilising even at ordmary tempera- 
tures ; b.p. 185° (Hahn, Ber 1878, 11, 1735) 
Insoluble m water ; soluble in alcohol and ether. 
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and in all oils. Converted, by repeated distilla- 
tion, into the dichlondo and free chlorine. 
Burns with a rod hght m the flame of a spirit 
lamp. Mixed wth hydrogen and passed through 
a red-hot tube, it yields diohloride and hydro- 
chloric acid (Gouther, I c ) Metals heated in 
its vapour form metallic chlorides, chaicoal 
bemg deposited. Heated iii sealed tubes with 
potassium hydroxide, it yields potassium oxalate 
and chloride 

C2CJe+8KHO=K2C204-f-bKCl-f4HoO 
(Geuther, J 1859, 277) The same products to- 
gether with hydrogen and ethylene arc formed 
when it 18 he<vted with alcohohc i^otash m sealed 
tubes (Berthclot, Annalen, 1859, 109, 118). 

Reducing agents such as zme and dilute 
sulphuric acid, or alcohohc potassium hydrogen 
sulphide ( Hegnault, I c ), reduce it to tetrachlor- 
ethylcne (carbon dichloride) The same leaction 
takes place when it is heated with silver at 280°. 
Sulphur trioxide acts upon it at 150° according 
to the equation 

CCI3 CCl3-f-2S03=-CCl3 C0Cl-f-S206Cla 
(Prudhommo, Annalen, 1870, 156, 342) 

Carbon dichloride, TetracJdoi ethylene C 2 f'l 4 
(Faraday, Phil Trans 1821, 47 , Regnault, 
Ann Chirn Phys 1839, [2] 70 , [2] 71, 372), is 
formed as a li(j[uid coloured with chlorine when 
the vapour of car bon trichloride is passed 
through a red-hot tube filled with fragments of 
glass. It 18 purdied by passing it lepeatedly 
through a red-hot tube, then shaking uj) with 
mercury and lectifymg at a low tcmiperaturo 
(Faraday) More easily obtained by adding 
carbon trichloride m small portions to an alcoholic 
solution of hydrogen potassium sulphide, as long 
as sulphuretted hydiogen is given oil The hquicl 
is distilled and carbon chehloride sejiarates from 
the distillate on dilution with water (Regnault, 
l.c) ; or by reduction of carbon trichloride with 
zinc and sulphuric acid Mobile liquid of sp gr 
1 619 at 20° (Regnault), 1 612 at 10° (Geuther) , 
bp 122° (Regnault), 116° (Geuther), 120 74° 
(corr.) ; sp gi 1 6551 074° (Thorpe and Rodger) , 
remains liquid at —18°, and docs not conduct 
electricitj^ Insoluble in water, acids, and 
alkalis, but dissolves in alcohol and ether, and 
oils Decomposed at a red heat into the 
hexaclorobenzene CaCla and free chlorine When 
its vapour is passed over baryta at a red heat, 
it 18 decomposed with vivid ignition into banum 
chloride, carbon dioxide, and charcoal It 
absorbs bromine m the sunshine, forming 
carbon chlorot romide C/ 2 Cl 4 Br 2 It is converted 
by continued heating to 200° with potassium 
hydroxide into potassium oxalate and chloride, 
hydrogen being given off (Geuther, Annalen, 
247) It absorbs dry chlorine in sunshine, 
forming the trichloride, but is converted into 
trichloracetic acid when exposed to an atmosphere 
of chlorine under water 

C2CI4-I-2H2O i-Cl2 = 3HCI+C2HCI3O2 

(Kolbe, Annalen, 1845, 54, 181) 

a^-Heptachloropropane CgCljo, a crystalline 
substance, m p 32°, formed by the action of 
phosphorus pentachloride on pentachloroace- 
tone ; also ohtained by the direct addition of 
chloroform to tctrachloroethylene under the 
influence of aluminium chloride (Boeseken 
and Prins). 


Hexchlorobenzene Cede , m p. 225° ; dis- 
covered m 1821 by Julm and investigated by 
Phillips and Faraday (Phil. Trans 1821), and 
by Regnault (Ann. Chim. Phys. f2J 70, 144), 
who prepared it by passing the vapour of 
chloroform 01 tetrachlorcthylene through a 
porcelaui tube filled with fragments of porcelam 
and heated to redness Obtamed from methylene 
chloride by Id or ICle (Holand, Annalen, 240, 
234) , the crystallme pioduct is dissolved m 
ethei, faltered, evapoiated to diyiiess, and 
sublimed. Obtained by Hugo Muller as a 
final product of the action of antimony penta- 
chloridc or chloimo in presence of iodine on 
benzene. It is also obtamed by sending a 
current of 5 5 amperes and 42 volts for ^ hour 
between cat bon electrodes in an atmosphere of 
chlorine If a highei current and voltage aie 
used, and it is continued foi much longer, the 
trichloiide C 2 dg is formed Biomme yields 
similai compounds (Bolton, It.). Foims white 
delicate needles with a silky lustre, tasteless, 
but With an odour resembling spermaceti , 
sublimes witliout fusion at 120 °. 

Insoluble in water, acids, and alkahs, but 
soluble in alcohol, ether, and hot oil of turpen- 
tine. Decomposed into ihloiine and charcoal 
on passing through a led-hot poicelam tube 
filled with glass 01 rock crystal. Burns with a 
bluish colour in the 6 ame Potassium burns on 
being strongly heated m its v.ipour Formerly 
regarded as caibon monochloride: moleculai 
formula estabhshed by Bassett (Chem Soc, 
Trans. [2J 5, 443) 

Carbon tetraiodide, Tetraiodomethane 01 4 
Dark-icd oetahedia , sp gi 4 32 , obtamed by 
action of aluminium iodide on a mixture of 
carbon tetrachloride and disulphide (Gustavson, 
Ber 14, 1705) Foi other methods, see Spmdler, 
Annalen, 231, 257 , Moissan, Compt. rend 113, 
19 , Robmeau and Rollin, Chem. Oentr. 1894, 
1 1140, Lantenois, Compt rend. 1913, 156, 
1385. 

Carbon nitride {v. Cyanogen, art. Cyanides) 

Carbon subnitride O^Ng has been obtained 
by Moureu and Bongiand (Compt rend 1910, 
150, 225) by removing two molecules of watci 
from th(‘ diamide of acetylene chcaiboxylic acid 
OONHa 0 0 CONH 2 -N : 0 0 ; 0 0 i N-f 2HaO. 
It forms fane white needles, mp 20 5°-21°, 
b p 76° at 753 mm , and its vapour has an 
odour and an irritating action resemblmg that of 
cyanogen It is readily combustible, and takes 
file spontaneously at 130°, burning with a 
puiple flame, also resemblmg that of cyanogen. 
It has an abnormally high molecmlar refraction 
and dispersion, and a density of 0 9703 at 25°/ 4° 
For its behaviour towards ammonia and amines, 
see Moureu and Bongrand, Compt. rend. 1914, 
158, 1092. 

Carbon oxychloride COClg, Carbonyl di- 
chloride, Chlorocarbonic acid, Phosgene gas. 
First obtained by J Davy by action of sunlight 
on mixture of carbon monoxide and chlorine. 
(For details of this mode of preparing it, v. Em- 
meling and Lengyel, Annalen 8 uppl 7, 101, and 
Wilm and Wisclun, ibid. 147, 450.) By passmg 
the gases over heated animal charcoal combina- 
tion occurs in the dark. Also obtained by 
passmg carbon monoxide into boiling antimony 
pentachloride (Hofmann, ibid. 70, 129; Butle 
row, Zeitsch. f. Chem. 1863, 484 ; Kraut, 
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Gni.-K. 1 2, 380) ; by heating carbon tetra- 
chloride with zinc oxide in closed tubes at 200°, 
or by mutual action of carbon tetrachloride 
and carbon monoxide at 400° , or by heating a 
mixture of chloroform, potassium dichromate, 
and sulphuric acid {cj Plotmkow, J. Russ. 
Phys. Chem Soc 1910, 48, 457) 

Carbon oxychloride is a colourless liquid, 
boiling at 8 2°, and of sp gr. 1 432 0/4°. Soluble 
in acetic acid and benzene , decomposed by 
water COCIa f-H = COa+^HCl Withalcohol 
forms chlorocarbotnc ester ClCOOf^allg Com- 
bines with ammonia to form vrea and ammo- 
nium chloride With aniline it forms diphenyl- 
urea Its presence in air may be detected bv 
this leaction (Klmg and Schmutz, Compt. rend. 
1919, 108, 773) 

Carbonyl cyanide CO(CN )2 is a yellow amor- 
phous non- volatile solid, formed by subjecting 
a mixture of carbon monoxide and cyanogen 
to the ultra-violet lays from a mercury-quartz 
lamp It dissolves m alkalis, forming a yellow 
solution, and slowly hydrolyses on the addition 
of acid, giving carbon dioxide and hydrogen 
cj^anide (l) Bertlielot and Gaudcchon, Compt 
lend 1913, I5(), IThb) 

Carbon disulphide, Thiocarhomc anhydride, 
SiUphocatt>onic and CS, This compound was 
discovered by Lampadius, in 1795, by heating 
pyrites with charcoal Clement and ilesoimes, 
m 1802, in examining the action of sulphur on 
led-hot charcoal, obtained the same product 
Its natuie was established by Vauquelin. 

Manufacture — kSchrotter in Germany, and 
Peioncel in France, lirst prepared carbon disul- 
phide on a manufactuiing scale Schrotter em- 
ployed a cylinder of Hessian clay m which the 
charcoal was heated , the sulphur was mtioduccd 
through a hole near the bottom, to the uppci end 
was fixed an exit tube for the vapour of the 
carbon disulphide formed The ajiparatus pro- 
duced about 20 kilos of the disulphide in 12 hours 

Deiss and Fisher employed cast-iron cylinders 
in which the vapour of sulphur passed over 
charcoal heated to redness Fireclay retorts 
glazed internally to prevent the escape of 
vapour thiough the pores were also used, each 
cylinder was about 5 feet high and nearly 20 
inches diameter Four retorts were ariangcd 
in a single furnace in such a way that the 
flame of the tire could play entuely round 
them Each retort was divided internally into 
two parts by means of a perforated shelf , the 
upper compartment, which w\as the larger of 
the two, served to contain the charcoal, which 
could be thrown in through a special open- 
ing m the hd without interrupting the working. 
A second opening in the top of the retort was 
provided with a tube about 2 inches m dia- 
meter, which led directly into the lower com- 
partment, and was used to throw m sulphur as 
required The vapour of carbon disulphide which 
was formed during the process was conducted 
through a delivery pipe connected with a third 
opening in the retort into the condensers The 
four retorts, having been filled with charcoal and 
the lids closed, were heated to redness by a coal 
fire Pieces of sulphur wrapped in cylindrical 
paper packets were then dropped in the pipes 
leading to the lower partitions of the retorts 
Two such packets, each containing about 5^ 
dz. of sulphur, were thrown in at intervals of 


about 3 minutes, tne openmg at the end of 
each tube bemg closed at each successive addi- 
tion The charcoal was renewed every 7 
hours, and was heated about an hour and 
three-quarters each time before the necessary 
temperature was attained for its combination 
with sulphui The vapour of carbon disulphide 
mixed with that of sulphur escaped through the 
delivery tubes, passmg into the first row of con- 
denseis, where it was partially condensed, to- 
gether with some sulphur , the undissolvod 
sulphur was recovered and used over again. 
Thence the uncondensed vapours passed on into 
the second row of condensers, and so on till the 
last row The condensers, amounting to 18 or 
20 m all, were connected together by pipes, the 
last of which was connected with the chimney of 
the works, or better, with vessels or tubes con- 
taining layers of pulverised lime to absorb the 
sulphuretted hydrogen which would otheiwise 
eieate a nuisance in the neighbourhood of the 
factory 

The condenseis were made of sheet zinc, 
were eylin<lrieal m shape and about 20 inches in 
diameter, bottomless, with slotted sides, and 
stood m a kind of shallow cistcin containing 
water a little deeper tlian the openings, so as to 
form a water lute, jiermittmg the passage of the 
condensed liquid while closing the exit against 
zapours. The litis of these condensers weie fur- 
nished with rims foimiiig a kind of saucer, con- 
taining watei to assist m the condensation of 
the vapour Each hd had two openings m the 
form of tubulures, into which the pipes were 
fixed for the transmission of the vapours from 
condensei to condenser 

Gerard cm ployed a vessel of cast iron 6^ feet in 
height, about 4 feet 8 inches in diameter, and sides 
IJ inch thick (Fig. 15). The retort was eUiptical 



in section, stood upon a brickwork arch, and was 
heated from below by a fire. Near the bottom 
was a pipe fitted with a valve, through which 
sulphur could be introduced into the cylinder. 
At the upper extremity was a wide pipe which 
could be closed with a hd, and servecl for the 
introduction of charcoal into the apparatus. 
Another pipe, east m one piece with the upper 
one, sloped forward and yiasscd into a ’•ecoiver ir 
which the sulphur which passed over during the 
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operation was condensed, and could be easily re vessels with brickwork, which rendered them 
moved by opening a valve in a tubulus jilacod more durable. 

at a bend in the pipe ; the more volatile carbon Only retorts of a certain size could bo om- 
disulphide passed forward into the condensers ployed, as, wlien they wcio too large, the heating 
The condenser consisted of three vessels, cyhn- was iiiegulai, causing waste of sulphur. When 
dneal m form, arranged one above the other, using unrelined suljihur, the retoits needed 
and communicating by vertical pipes. The cleaning every fortnight, but with ])uiiricd 
topmost condenser had an exit pijie for sulphur- sulphur they could be kept working for two 
ettod hydrogen, &c , and the condensed carbon months 

disulphide could bo drawn off into a receiving The picsent mode of manufacture is thus 
vessel beneath by opening a cock in a pipe desciibed by Ignatius Singei (J Soc. Chem Ind. 
proceeding from the lower condenser 8, 1889, 83) (sec Fig lb) . 

The three condenscis were contained in a A is a vertical cast-ii on retoit, oi, better still, 
tank 5 feet high and 5 feet wide, filled with water, made of earthenware, glazed inside, of elhptical 
which could be renewed at pleasure shape, about bb inches high, and 20 by 12 inches 

The sulphur was added m portions of about internal diameter. It rests on a support, n, 
3 lbs at intervals of 3 minutes. The oven was made of fiie bricks, and is protected by a mantle 
heated during the night to volatilise the sulphur, of best firebricks, c, about 4 inches thick, Icav- 
and the residual charcoal was added to the new mg a space of from ^ to 4* inch between it and 
charge This apparatus yielded m 24 hours the letoit The metal of the letuit should not 
about 570 lbs of carbon disulphide, consisting be less than 2 inches m thickness d is the 
theoretically of 480 lbs of sul]}hur and 90 lbs outer bnckwoik of the fuinace lined on tlie in- 
of carbon, in practice 530 lbs of sulphur and side with firebiicks, o', k, e, fire-grates, e', 
242 lbs of wood charcoal were iisi'd (leiaid ash pits , f, fuinaoe doois, made ot frames, a, 
found it advantageous to surround the genciating into which a firc-ptoof slab, is inserted The 
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fuinace doors aie suspended by cables luiming falling on to the surface of the incandescent 
ovei pulleys, and are counterpoised, serthat they caibon would be immediately vapourised again, 
can bo raised or lowered At d is shown a small at the same time cooling down the top layer of 
peep-hole, through which the temperature in the the charcoal To obviate this. Singer suggests 
furnace may be watched In the hd of the that an opening should be made 111 the lower 
retort are cast two tubes, g and a', of about 5 part of the pipe i, to which a hopper can be 
inches internal diameter and not less than I fitted, as shown at J, terminating m an ear then - 
inch m thickness, but it is advisable to have ware pipe k, reaching nearly to the bottom of 
them made somewhat stronger, as the lid will the retort. By tins means the sulphur distilling 
then outlast several letorts Over the opeiiimjs, over uncombmed would be conducted back to 
a, a vent-pipe or flue, h, is suspended by a lever, the bottom of the generator, the pipes would bo 
so that it can bo raised or lowered at will, one loss liable to be choked up, while the resulting 
end of whicdi passes through the roof When product would be purer 

fresh charges of charcoal are to bo mtioduccd f’rom the lower end of the letort, close to 
into the generator a, which is done through the the bottom, a pipe M branches off, a little 
tubulurc a', the lid closing the tube a is first upwards inclined, passing through the buck- 
removed, and the vent-pipe H quickly lowered, work and terminating m a chamber with 
which serves the jnirpose of carrying off the door n During work this pipe is carefully closed 
noxious gases that would otherwise bo miurious * by a hd. It serves the purpose of raking the 
to the workmen g' may now be opened, and ashes out of the retort, which is done once 
the carbon fed m without the slightest mcon- a week. At m a flue is shown, carrying the 
vemcnce noxious gases into the chimney. The ashes 

From the tubulure a' issues a pipe, i, inclmed are allowed to cool here befoie their removal 
upwards, through which the disulphide of carbon Adjoining this chamber is a hearth into which 
vapours escape. Most of the free sulphur pass- an iron vessel, o, is fitted, for melting the sul- 
ing over will condense here and run back mto phur. It is heated by a flue from the furnace 
the retort. But the partaally cooled sulphur passing underneath it, provided with a dampei 
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to regulate the heat. (In Fig. 16 this sulphur 
vessel IS raised so as to make it visible m the 
drawmg ) A pipe, o', closed by a comcal valve 
to which an iron rod, o, is attached, connects the 
sulphur pot with the arm M of the retort, by 
which means the sulphur can conveniently be 
mtroduced mto the latter 

The sulphur flowmg down the mcline of the 
arm m arrives at the bottom of the retort, where 
it IS volatilised : the vapours, passing upwards, 
combme with the carbon The generated di- 
sulphide vapours escape through pipe i, and 
then pass down the vertical tube i' into a \ essel 
p, where any excess of sulphur is deposited 
The hd of this vessel rests in hydrauhc seals, 
and IS connected with the inlet and outlet pipes 
by a kind of telescopic tube made air-tight by 
water. When the vessel f is to be removed, the 
lid is raised, the vessel taken away, another 
similar one put m its place, and the lid lowered 
agam This should be done once a week only, 
and never while distillation is going on. 

The carbon disulphide vajiours, now freed 
from the greater part of uncombined sulphui, 
pass through a Liebig’s condenser, l, about 
30 feet long, into a receiver, s, partially hlled 
with water The crosspiece T, connecting the 
Liebig’s condenser with the receiver, is made so 
that it can be detached — being secured at v 
by flanges bolted together, and at by water 
seal — for purposes of cleaning, Ac. From here 
the disulphide is allowed to lun through a siphon, | 
p, direct to the storage tanks A better plan, 
however, is to keep the storage tanks for the 
^crude product on a high level, which greatly 
facihtates the after-process of purification. In 
this case the disulphide of carbon is allowed to 
flow mto a montej^is, ti, as shown in drawing, 
A pipe q, reaching nearly to the bottom, is 
passed through the cover of the monte^u^ to the 
high-level tank, A second pipe, r, connects the 
vessel u with a force-pump On air being 
pumped mto p through r, the stop-cocks and 
p* having been shut off, the disulphide is pressed 
up tlirough pipe q mto the tank This is a far 
better method than using pumps, as in tlio latter 
it IS difficult to prevent leakage, the ciude di- 
sulphide having a very corrosive action on most 
metals. For the same reason, the receivers, 
tanks, &c., for the crude substance should all be 
lined with sheet-lead, as wi ought-iron vessels 
soon perish, while copper is even more ener- 
getically acted upon. Cast iron withstands cor- 
rosion much better, but is objectionable on 
account of its porosity This might be remedied, 
however, by givmg the vessels repeated coatings 
of dilute silicate of soda, both mside and out- 
side, the vessels being first slightly heated with 
steam and the sihcate apphed while warm 
Near to the top of the receiver s is a pipe, 
for carrying off the uncondensablo vapours — 
chiefly sulphuretted hydrogen. The gases are 
conducted into a rectangulai vessel, w, where 
they are made to circulate m zigzag over a series 
of shallow trays filled with a vegetable oil, to ab- 
sorb any disulphide vaiiours which have escaiied 
condensation. The od can be made to trickle 
from a reservoir, x, as shown, through a goose- 
necked pipe, which, passmg from tray to tray 
in an opposite course to that of the gases, finally 
trickles through x mto a receiver Y. When a 
sufficient quantity has accumulated here, the 


disulphide is distilled off and the od returned to 
X. Before the gaso.s enter this absorber they are 
* washed ’ by making the end of the pipe s dip 
mto the oil as shown at y whereby the apparatus 
is disconnected from contact with air. The gases 
are now passed through a second vessel, z, simi- 
lar m construction to the one just described, only 
substituting hme or oxide of iron for the oil, to 
absorb the H 2 S, and are then allowed to escape 
mto the open air through the pipe s. 

Above the retort A, and between it and the 
chimney, set at right angles to each other, is 
a smaller retort, similar in construction to A, but 
only about one-thiid the capacity of the latter, 
and IS heated by causing the products of com- 
bustion coming fiom the furnace to circulate 
round it before finally passing into the clumney 
(Only the discharge hole h\ corresponding to the 
arm m of the retoit A, is visible m the drawing.) 
As the geneiator a requires fresh charges of car- 
bon eveiy 8 hours, it is very economical to keep 
this small retoit always tilled with charcoal, 
which by the tunc it is required will be red hot, 
and no more time need bo lost than is required 
for transfernng it from the one into the other 
letoit By this arrangement, part of what 
would othciwise be waste heat is utilised, and a 
great saving in time and fuel effected. A still 
better plan is to make the charcoal on the spot, 
S houis being moie than sufficient to char the 
wood and to heat it up to bright redness. Spent 
' dyewoods, tanner’s refuse, or sawdust, are 
excellent foi the purpose, and as these would not 
require crushing — as when charcoal is bought 
m lumps — a saving in labour, possibly also in 
money, might be made, besides being more 
cleanly By a small outlay, the vapours might 
be condensed, and pyroligneous acid obtained as 
a by-product 

The apparatus is worked as follows . After 
having allowed the brickwork to set and partially 
dry for a few days, the fires are started, at first 
gently, to prevent the brick woik from cracking, 
then gradually mcrcasing the heat until the 
letort becomes a dull-icd colour The latter is 
now filled with small charcoal, and the smaller 
retoit with chips, sawdust, &c , and the fires are 
now urged until the retort and the charcoal in it 
h.ave become a ‘ cherry led ’ This heat should 
never be exceeded, nor should it bo allowed to 
fall below this, as in either ca&c it would lesult 
in a lesser yield of carbon disulpliide 

When the proper temperature is attamed, the 
two openings in the lid of the retoit aie closed, 
the hds being screwed down tightly, with some 
clay made into a thick paste as a lute. A better 
way would be to cast in the top of these tubu- 
lures grooves, and the lids with a rim loosely 
fittmg into these grooves, forming what is called 
an hydraulic seal, only using lead m the place of 
water. The heat there is sufficient to melt lead, 
but not so great as to prevent its use. This 
would form a much better lute, and could be 
opened and closed m much less time, which, in 
the case of. disulphide of carbon manufacture, is 
a great desideratum. Havmg previously secured 
all the jomts throughout the apparatus, sulphur 
is now run in by raising the rod o' m the sulphur 
pot. A bubbling will immediately bo heard in 
the gas washer at y, caused by the escape of 
sulphuretted hv'^lrogcn, &c. In a few minutes, 
this bubbling '* ceases, and carbon disulphide 
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to distil over Distillation is now pro- 
ceeding, sulphur being charged in every f) 
minutes, about IJ to If lbs. each time, for 7 
hours, when the supply of sulphur is stopped, I 
and one hour allowed to elapse before fresh I 
charcoal is filled in. The lid is then removed 
from c, and the flue -pipe H lowered, o' may now 
be opened, and last of all the lid h' is removed i 
from h of the carboniser, and the red-hot char- 
coal raked from the carboniser, by means of a I 
funnel or hopper, into the retort A The letort 1 
IS now closed, taking care that the opening 
communicating with the flue h is the last to bo ' 
shut off, and work started again At the end of 
each week, neither coal nor sulphur is charged 
in for 8 houis, after which the whole apparatus 
IS cleaned out in the following mannci The ; 
flue H having been loweied on to o as desciibed 
above, the cover at the end of the delivery ]upc i 
18 removed, and wet bags or pieces of canvas are 
tightly rammed down the jupo i, and past its 
junction with the vertical pipe T, so as to isolate 
the condensers, &c , from the furnace The 
ashes are now raked out through m, as described 
above, the retoit refilled with fresh charcoal, 
and while this is getting heated up, the other 
portions of the apparatus aie examined, and 
where sulphur is jircsent it is removed. 

With one such retort, from 4 to 5 cwts. of 
carbon disulphide can be made in a day, but it 
IS much more economical, both in labour and 
fuel, to have sevcial retorts — say four — in the 
same furnace | 

Manufacture of Carbon Disulphide by the 
Electric Furnace. 

Carbon disulphide is now made on the largo 
scale, near Penn Yan, N Y., America, by the 
Taylor Chemical Company, by means of an 
electric furnace, devised and patented by Mr. 
Edward R Taylor (U S Pat ()883(>4, Dec 10, 
1001 , 871971, Nov 26, 1907), who has kindly 
supplied the information upon which the follow- 
ing description of the process is based The 
construction of the furnace is shown in Figs 17, 
18, 19, 20, 21. Fig 17 shows a section in eleva- 
tion through the electrodes, and Fig. 18, shows a 
cross section in elevation at right angles, the 
figures being taken fiom the patent specifications 
In Fig 17 is shown the position of the electrodes 
f/, D, near the bottom of the furnace shaft, which 
IS represented as filled with charcoal ; m Fig 18, 
they are scon at d. At k (Fig. 17) are pipes 
through which are passed broken carbons, i e 
refuse from the factories of carbons for arc lights, 
for the purpose of reinforcing the mam carbons ; 
these pass down, upon, and over the ends of the 
mam carbons, and convoy the current from the 
electrodes to the charcoal. The intermediate 
conductive material protects the electrodes 
proper from the intense heat and eroding action 
and thereby prolongs their life It also tends to 
steady the current, fluctuations bemg mamlv 
due to variations m power and not to changes of 
lesistance m the furnace itself. The charcoal 
for the reaction is fed into the furnace through 
the opening x (Fig. 17). Preferably four electrodes 
are used in this construction, supplied with two- 
phase alternating current. Provision is made 
for keeping the metalhc portions of them com- 
paratively cool by feedmg cold sulphur on to 
them through the inlets shown as'o (Fig. 17), and 


which can be replenished through the hoppers n, 
the sulphur passing into the annular chambers 


Fig 19 



Pia*17 Fia 20 


shown below the hoppers, seen m detail m 
Figs 19, 20, and 21. The interior of the furnace 
thus filled with sulphur, which is gradually 
melted and finds its way to the reaction zone. 
By this constiuction, the heat that would 
otherwise bo ladiatcd from the external walls of 



Fig. 18. 


the furnace is absorbed, and no outside lagging 
18 needed. The furnace is 16 feet m diameter 
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and 41 feet liigli. It needs much less care and 
is easier to manage than one of the small non or 
clay retorts generally used 

In working, charcoal is put into the charger 
above the bell and the openmg sealed The 
charcoal falls into the shaft of the furnace as 
often as there is room for it, the charger being 
replenished from time to time The shaft 
should be kept filled with charcoal and the 
internal siiaces hllcd with sulphur thus there 
IS no loss of heat by radiation and the heat 



absorbed m meltmg the sulphur is returned to 
the furnace. 

Electricity is supplied in such quantity that 
the electrodes are not submerged in the melted 
sulphur to such an extent as to restrict the 
passage of the current. The electncity is 
ordinarily passed from the one electrode to the 
other immediately opposite, but the direction 
can be changed at any time so as to pass to the 
adjacent electrode, thus bummg out any piers 
or ' scaffolds ’ that may form in the comers and 
which would prevent the regular descent of the 


charge. The sulphur within the working* 
chamber z soon becomes melted, and its level 
rises more or less nearly to the top of the elec- 
trodes. As it approaches the heat zone, the 
sulphur IS vapourised and rises through the 
charcoal which, when sufficiently heated, com- 
bines with it, formmg the ffisulphide, the 
vapour ot which ascends through the charcoal 



in the shaft, and passes out through the pipe x 
to a condenser The furnaces are run for about 
a year before renewing the electrodes or cleaning 
out. Aluminium bars, 6 mches wide and 
I inch thick, connect the insulated electrodes 
with two Stanley inductive type dynamos, each 
of 330 kilowatts capacity, run, as a rule, by water 
power. The average voltage is about 50. The 
yield IS usually about 14,000 lbs. of the di- 
sulphide in 24 hours, but it is capable of being 
mcreased to 25,000 lbs. 

An improved type of electric furnace, more 




CARBON. 


79 


particularly adapted for a smaller installation, 
IS seen m Figs. 22 and 23, reproduced from the 
patent specifications. 

Fig. 22 shows the furnace m sectional eleva- 
tion. Fig 23 shows a sectional elevation with 
the piano of the section at right angles to that 
of Fig. 22, and with portions broken away at 
top to expose parts behind the plane of the 
section. Fig 24 is a top view on which the planes 
of Figs. 22 and 23 respectively are indicated by 
broken lines, a-b and c-d , and Fig 25 repre- 
sents a horizontal section on the line b-f 
(Fig. 23). Like reference characters refer to like 
parts in all the figures There is an outer shell 
of iron or steel within which, at the bottom, is a 
fiat hearth of floor 4 (Figs. 22, 23, and 25) of fire- 
brick, which supports a circular wall of like 
material, within which is the working chamber a 
of the lurnace, and an outer wall, (>, concentric 
with the wall 5, extending upward a short 
distance and terminating substantially on a 
level with the bolster, forming lower ends of a 
pair of diametrically opposite embrasui^^s, 7 
and 8. 

The wall 5 of the working cl i am her a is con- 
tinued upward to the top of the outer shell 
1, 2, 3 ; a feed chamber h for sulphur being 
formed between the walls 5 and 6 at bottom 
and between the wall 5 of the working chamber 
and the outer shell above the top of the outer 
wall 0. 

shell 1, 2, 3 terminates at top in a hori- 
zontal annular top portion, 9 (Figs. 22, 23, 24), 



Fig. 24. 


which is provided at suitable intervals with 
hoppers b' and with openings 10 (Fig. 23) at their 
bottoms, commumcatmg with said feed space b, 
each of the hoppers being provided with a 
suitable plug 11, having a handle, 11', extending 
above the top of the hopper, so that the hoppers 
may be filled above the plugs, and the plugs then 
lifted to drop the contents of the hoppers mto 
the feed space b, and quickly replaced to prevent 
the escape of fumes and the admission of air. 
Within the central openmg of the top portion 9, of 
the shell, a charcoal hopper, a' (Figs. 22, 23, 24), 
is supported : this is constructed with a conical 
top, 12, provided with a capped charging neck. 


13, through which the charcoal is introduced into 
the hopper, and a conical bottom, 14, dependmg 
within the upper end of the working chamber 
and provided with a central opening closed by a 
bell, 15 , the top of the hopper being further 
provided with the supporting link 16 of a 
weighted lever, 17, connected with the said bell 
15, by a rod, 18, and rendering tlie hopper a' 
normally closed at })ottom A discharge pipe, c 
(Figs 23 and 21), extends from the working 
chamber a through the top portion 9 of the 
shell. 111 an oblique direction, as shown m Fig 23. 

Openings 19 and 20 (Figs 22, 23, and 25) for 
the sulphur, are formed in the working chamber 
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Fig. 25. 

wall 5, immediately above the floor 4, and at 
one or more higher points, connecting the feed 
sfiace b with the working chamber o, and pipe 
opemngs 21 and 22 extend through the outer 
[ wall 6 and the lower shell section 1 at different 
heights to allow the sulphur to enter the fuinace 
proper. Metallic conductors, d and e (Figs. 22 
and 2t), connected with the source of electricity, 
arc attached respectively to the protruding 
upper ends of metallic electrode stems / and g, 
which extend to the top of the outer wall 6, and 
rest upon the top of this wall, as m Fig 22 
Each of the electrode stems d anef e is made in 
three sections, numbered respectively, 1', 2', and 
3' in Fig 22 , the upper section 1' of each of the 
stems being hollow and cylindrical, and ex- 
j tending through a stufling box, 23, mounted on 
[ the top of the shell, and preferably constructed 
with a water chamber, 21, for keeping the gland 
sufficiently cool The lowoi end of the upper 
section has flanges 25, on opposite sides, 
adapting it to be coupled to the partly closed 
upper end of a flat middle section 2', which is 
tubular, exceptmg its lower end, and this end is 
trough-shaped m common with the lowermost 
section 3', which is detachably bolted to the 
trough-shaped lower end of the middle section 2'. 

A pair of manholes, 26 and 27 (Fig. 22), in the 
middle section 2' of the outer shell, afford access 
to the bolts conneetmg the middle and lowermost 
sections 2' and 3' of the electrode stems, and 
facilitate disconnecting the lowermost sections 3' 
when the latter need to be renewed 

The electrodes proper, h and t, are of carbon, 
made in sections of different lengths, but all of 
one and the same size, and all rectangular in 
oross78ection (compare Figs 22 'and 25). Such 
carbon sections project at right'angles from the 
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lower ends of the stems / and and may be 
elamped within the trough-shaped stem sections 
3'. A sufficient number of the longer carbon 
sections are united at bottom to form the mam 
body of each electrode and above these the 
shorter sections are arranged in steps, as shown 
in Fig 22. The electrodes h and ^ pioject in- 
wardly, as shown in Figs 22 and 25, and are 
supported beneath by the bolster-foiming lower 
ends of the embrasures 7 and 8, through which 
the respective electrodes extend toward each 
other, into the working chamber a, as shown in 
Fig 22 

The tubular or hollow-stem sections 1' and 
2" provide for feeding the material downwards 
upon the electrodes. The upper end of each 
stem 18 provided with a conical plug, 29, and 
with a gallows or yoke, 30, between which and 
the top of the plug 29 a wooden wedge, 31, is 
driven to render the closure air- tight 

In charging the furnace, the lower part of 
the worlung chamber a is filled with broken 
sulphur to the plane of the electrodes //, and a 
sufficient quantity of charcoal is superimposed 
The lower part of the furnace is then tightly 
closed and scaled, and the working chamber a is 
thereafter filled with charcoal to any desired 
extent by way of the charcoal hopper a' by de- 
pressing the bell 16 by means of the lever 17 
The hopper a' is then automatically closed at 
bottom by the re-elevation of the bell 15 
Crushed sulphur is fed mto the annular feed 
space h surroundmg the working chamber wall 
from time to time as required by way of the 
hoppers h\ which are filled with the sulphur, 
and may servo to mcasuie the quantity mtro- 
duced, and are emptied into the feed space h by 
partly withdrawmg their plugs 11 and replacing 
them immediately to prevent the entrance of air 
and the escape of fumes The disulphide 
vapour, as it is formed, passes off through the 
pipe c into a suitable condenser 

An upper manhole, 32, extending outward 
from the workmg chamber a through the shell 
sections 1 and 2, as shown in Figs. 22, 23, and 26, 
facilitates access to the interior of the furnace 
when it 18 cold for adjusting or renewing the 
electrodes h and i, and for arranging the charge 
at the beginning of an operation ; and a sub- 
jacent manhole, 33 (Fig. 23), facilitates removing 
the ash from time to time as may bo necessary. 
The electrode stems / and (/, and their stuffing 
boxes 28, are insulated with mica and asbestos 
paper 

This furnace is designed to be 8 or 10 feet in 
diameter and 18 or 20 feet high, and will produce 
6000 lbs. of carbon disulphide m 24 hours. Two 
electrodes only are employed 

Purification of Carbon Disulphide — The 
crude product, which contains considerable quan- 
tities of sulphur, may be purified by distillation. 
The distillmg vessel is made of sheet zinc, and 
IS fitted in a water-bath. The vapours of carbon 
disulphide are passed through a wide tube into 
a worm surrounded by cold water, and ending 
in a lap at the bottom ; the liquid as it con- 
denses is allowed to trickle into a vessel placed 
to receive it. 

Deiss employed large boilers with flat bot- 
toms, which were 10 feet m length, feet in 
diameter, and 3J feet high. They had domed 
covers, externally coated by badly conducting 


material, so as to reduce to a minimum the 
amount of carbon disulphide returned to the 
boiler by condensation. The boiler was capable 
of receiving 6 tons of crude disulphide at a 
smgle charge, and had six delivery tubes which 
terminated in six vertically placed condensers. 
At the bottom of the boiler, there were two 
serpentine pipes, through one of which steam was 
passed until the crude carbon disulphide boils. 
For the purpose of distilling off the last portions 
steam was passed through the second serpentine 
pipe direct into the boiler, by which means 
carbon disulphide vapour and steam pass over 
together into the condensers, when the former 
accumulated in a layer below the surface of the 
water. The distillation of 6 tons lasted 3 or 
4 days, and the products of the distillation at 
different stages were separately collected, and 
served for different purposes In the first por- 
tions, foul-smelling constituents predominate, 
such as sulphuretted hydiogon ; the mter- 
mediate portions are the purest, while the last 
portions arc contammated with sulphur. Much 
of the sulphuretted hydrogen was removed 
by placing a small quantity of caustic soda in 
the boiler. 

Boni^re purified the crude material by run- 
ning it into a still containing a strong solution 
of caustic soda and heated externally by steam ; 
the vapour was then passed through several 
other vessels of a similar kind containing alka- 
Ime liquids, solutions of salts of iron, lead, or 
copper, from which it was distilled and condensed. 
Millon patented a process which consisted m 
mixing the disulphide with half its weight of 
milk of lime, and then carefully distilling. 

Sidot first distils the crude product, and 
then agitates it with mercury till the shimng 
surface of the metal is no longer blackened by 
it Carbon disulphide, when pure, is not affected 
by contact with mercury for any length of time. 
Or it may be shaken with 0 6 p c of mercuric 
chloride, which removes a fuetid compound of 
sulphur The clear liquid is then decanted, 0 02 
of its weight of an inodorous fat is added, and 
the mixture distilled m a water- bath at a low 
temperature (Cloez). 

Another method of purification is to add to 
100 parts of commercial product from 2 to 3 
parts of dried copper sulphate, and to shake the 
mixture The copper salt blackens and settles 
down, with removal of the smell of sulphuretted 
hydrogen Absolute purity is obtamed by again 
rectifying over dry copper sulphate. The latter 
can be rendered fit for further use by ignition, 
treating with sulphuric acid, and again igniting. 
The sulphide may bo rotamod m a state of purity 
by allowmg it to stand constantly over dry 
copper sulphate (J. Soc. Chem. Ind. 2, 246). 

Singer has employed the followmg simple 
method with very satisfactory results ; — 

A cyhndncal vessel, about 30 inches in 
diameter and 6 feet high, is provided with a 
perforated coil of lead pipe at the bottom. Into 
this vessel the impure carbon disulphide is run 
to about one-third its height. Lime-water is 
then pumped into it by means of a force-pump 
through the perforated coil. The hme-water, 
being specifically lighter than the carbon disul- 
phide, rises to the surface, and, while traversmg 
the body of the disulphide in a finely divided 
spray, the lime combines with the sulphuretted 
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hydrogen, &c. This washing is continued until 
the hme*water, which leaves this vessel through 
an overflow pipe near to the top, is perfectly 
clear. The carhon disulphide is now run into a 
still, about 1 p.c. its weight of a cheap colourless 
oil added, and covered with a layer of about 1 
inch of water, to which some sugar of lead may 
bo added. The carbon disulphide is now distilled 
in a water-bath and condensed in the usual way 

Carbon disulphide comes into the market m 
sheet-iron drums, the plates formmg the top and 
bottom bemg bent inwards for their better pro- ' 
tection from blows in moving about, and in the 
upper end there is an opening which can be 
closed by a screw stopper. Great care should 
be taken in the storing of caibon disulphide on 
account of its extreme volatihty, the explosive 
nature of a mixture of the vapour with air, and 
the fact that its products of combustion are 
three irrespirable gases, viz. carbon dioxide, 
sulphuious oxide, and mtrogen. The store 
room ought to be isolated from other buildings, 
and should bo well ventilated. The vessels in 
which the substance is kept ought to be tolerably 
large and placed where they are not hkely to 
receive a blow or get thrown over When re- 
quired for use, the carbon disulphide can be 
drawn off by means of a siphon. 

ProTpertiesi , — Carbon disulphide is a colour- 
loss and extremely^ volatile liquid , the com- 
mercial product has a rejiugnant and foetid 
smell, but when purified it has a sweetish 
ethereal odour, and an acrid pungent taste It 
IS highly refractive, its power in this respect 
being l‘fl45 ; its sp.gr. is 1 29215, (Thorpe) 
Water dissolves about of its volume of the 
disulphide, and yields it up again unchanged on 
distilhng , the solution in water possesses the 
odour of the disulphide, and has a slight burning 
taste. The aqueous solution acts as an anti- 
, septic Carbon disulphide dissolves sulphur, 
phosphorus, iodine, bromine, chloime, camphor, 
caoutchouc, oils, and fats, and may be mixed 
m almost any proportions with alcohol, ether 
benzene, and the fixed and volatile oils Sulphur 
and phosphorus may be obtained m crystals by 
the spontaneous evaporation of their solutions 
m carbon disulphide When a rapid stream of 
air IS passed through it, the vapour, as it rises, 
IS condensed to cauliflower-like masses, which 
make then appearance on the surface of the 
liquid (Waitha, Bei ‘h 80) When the whole of 
the liquid has disappeaied, tlie resulting solid 
has a constant temperatuie of —12°, so long as 
it remains unvolatilised. According to Wro- 
blowski and Olzewski, it sohdifies at —116°, and 
remains solid for a considerable time, emitting 
a peculiar aromatic odour 

Carbon disulphide boils at 46 0° (Thorpe), 
46 42° (corr ) (Thorpe and Rodger), and the j 
vapour ignites in air at 149°. When mixed 
with three times its volume of oxygen, or an 
amount of air containing that volume of oxygen, 
it 18 very explosive. The flame of burning 
carbon disulphide is blue, and gives rise to 
sulphurous and carbonic acid gases ; CS+ 3 O 2 
=002+2802. When carbon disulphide is burnt 
m a lamp on the principle of the Bunsen burner, 
and special precautions taken to prevent explo- 
sions, it produces a flame with an actinic power 
superior to that of magnesium (Compt. rend. 79, 
N)78). 

VoL. II.— 7’. 


A mixture of the vapour of carbon disul- 
phide with nitric oxide bums with a blue 
flame, which is very rich m rays of high refrangi- 
bility, and on this account has been employed 
in photography. 

Carbon disulphide is highly poisonous, inhala- 
tion of the vapour produemg giddmoss, vomit- 
mg, congestion, and finally coma. Even m 
small quantity only, it produces m time veiy 
serious effects on the nervous system. In the 
workmen employed m its manufacture, it causes 
weakness, depression, and loss of memory. 
Solution of ferrous caibonato m carbonic acid 
water has been found m some cases effectual 
as a remedy Caibon disulphide vapour, when 
passed through a tube heated to bright redness, 
18 partly resolved into its elements, carbon de- 
positing and sulphur passing off with the un- 
decomposed compound 

The following table represents its vapour 
tension at varying temperatures (Seyferth) . — 


45 5° 

1 atmosphere 

57 7 

li 

66 9 

2 atmosiihcres 

74 3 

. n 

80-6 

. 3 

86 1 

. 3i 

90 9 

. 4 

95 5 

. 4i 

99 0 

5 


(Eoi table of vapour pressures between 0° and 
50°, V. Ramsay and Young, Chem. 8oe. Trans 
47, 653 , also Herwig, Fogg. Ann. 137, 0‘.) , 141, 
83 , 147, 161 ) 

The vapour of carbon disulphide, when 
passed over metallic oxides at a red heat, yields 
sulphur dioxide and carbon, together with 
metallic sulphides, which are generally found 
crystallised and resemble those found m nature 
Carbon disulphide is one of the most powerful 
sulphuiising agents known, and by means of it 
many sulphides may be produced which are not 
otherwise obtainable (Fi6my) It conveits 
oxides mto sulphides when heated with them m 
sealed tubes The vapour is strongly attacked 
by nitric acid, yielding suljihuric acid and 
nitrous vapours 

A mixture of the vapour of caibon disulphide 
and sulphuretted hydrogen, when passed over 
red-hot copper, yields copper sulphide and 
maish Lms * CS.^+28Hj+4Cu=4Cu8 + CH 4 

The vapour of caibon disulphide when 
passed over wood undergoing destructive distil- 
lation alters the character of the carbonaceous 
residue, producing a material havmg high con- 
ductmg powers for heat and electricity, and 
extremely sonorous when struck 

Carbon disulphide is a pow'erful disinfectant. 
Meat and other pntrescible bodies have been 
kept in an atmosphere containing its vapour for 
months without change. 

Heated potassium bums m the vapour of 
carbon disulphide with formation of potassium 
sulphide and liberation of carbon 

When brought in contact with a solution of 
an alkaline hydroxide, carbon disulphide is de- 
composed, a carbonate and a sulphocarbonate 
bemg formed : 

6KHO+3C82--2K2CS8+3H2O+K2CO3 

When the vapour of carbon disulphide is 

Q 
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passed over heated oalciura hydroxide, it la 
decomposed, carbon dioxide and sulphuretted 
hydrogen being evolved. 

This reaction has been utilised m the lemoval 
of carbon disulphide from coal gas. 

Chlorine has but little action on carbon di- 
sulphide at the ordinary temperatures, but in the 
presence of iodine, the chlorides of antimony 
and molybdenum, &c., chlorine replaces the 
sulphur with conversion of the carbon disulphide 
into carbon tetrachloride, and, if the action is 
interrupted before it is complete, intermediate 
compounds or sulphochlorides are formed (J. 
Soc Chom. Ind 6, 728) 

Carbon disulphide combines with tricthyl- 
phosphme P(C2H5)3 to form a solid compound, 
ciystalhsing in red crystals of the composition 

Owing to its volatility it may be made to 
produce great cold by its own evaporation, and 
if this takes jilacc very quickly under the aii- 
pump, a temperature of —60° may be obtained 
An aqueous or alcoholic solution of caustic 
potash, boiled with carbon disulphide, yields 
with load salts a black precipitate of lead sul- 
phide. This IS a delicate test for the substance 
Carbon disulphide may be detected in coal 
gas by passing the gas when completely freed 
from sulphuretted hydrogen over red-hot copper 
foil, when the copper acquires an iridescent 
lustre, and its nitric acid solution diluted with 
water yields after some time a precipitate with 
barium chloride (A Vogel, Zeitsch anal Chem 
[2] 6, 253). 

Carbon disulphide combines with metallic 
sulphides, forming sulphocarbonates 
CSa'-fNagS^Na^CSa 

Sulphocarbomc acid is a yellow oily liquid, 
obtained by decomposing its potassium salt wilh 
hydrochloric acid 

K2CS3+2HCI-H2CS3+2KCI 
Potassium sulphocarbonato has been used for 
the destruction of phylloxera 

Uses . — Carbon disulphide is applied to a 
largo number of useful purposes, the chief of 
which is m the preparation of vulcanised caout- 
chouc, and as a solvent foi the latter m the 
manufacture of waterproof goods, by the de- 
position of a thm layer of the dissolved caout- 
chouc on the fabric ; for the extraction of fat 
from crude wool ; fatty oils from oil seeds and 
pressed residues ,* and for the piirihcation of 
paraffin It is used in the extraction of un- 
combmed sulphur, and of bitumen from minerals 
A solution of guttapercha m carbon disulphide 
18 employed m makmg seamless joints and 
for the preparation of caoutchouc cement, 
various colours, ammonium thiocyanate, &c. 
It is also used for filhng prisms on account of 
its high dispersive power. 

Advantage is taken of its poisonous pro- 
perties to expel weevils and other insects from 
stored gram without injurmg the cereal For 
this purpose, a small quantity of the carbon 
disulphide is sprinkled over the gram ; both the 
larvae and eggs are killed without injury to the 
gram (Doy^re). It is also employed to destroy 
chicken hce and fleas, moths in furs, and m 
America to kill burrowing animals, such as 
gophers, ground squirrels, woodchucks, prairie 
dogs, rats, mice, moles, &c., and as a plant 


msecticido. It is used m Brazil to expel the 
Sauba ant from the foundations of houses. It 
may also bo used m the analyses of oil seeds as a 
solvent for the purpose of ascertaining the pro- 
portion of oil which the ground seeds contain. 

As carbon disulphide dissolves iodine m laige 
quantity, but does not appreciably dissolve in 
water, it is employed for determining the amount 
of moisture in commercial iodine. 

It may be used for dissolving quinine and 
other alkaloids ; for extracting the aromatic 
Xirinciples from seeds and spices , and for the 
extraction of the scent of llowers. For these 
puiposes, howcvei, the puiest quality of the 
disulphide can alone be employed, 

A solution of phosphorus m carbon Uisul- 
phide has been employed in the clcctrotypmg of 
very delicate objects, such as grasses, flowers, 
feathers, &c. These aie dipped into the solu- 
tion, when, by exposure to the air, the carbon 
disulphide evajiorates and leaves a tlim film of 
phosphorus on the surfaces ; they are then 
dipped into a solution of silver nitrate, by which 
silver IS precipitated in a thin film, upon which, 
by the electrotype process, any thickness of 
silver, gold, copper, &c , can be deposited If 
a few drops of caibon disulphide are put mto 
a solution of silver cyanide, from which the 
metal is being electro-deposited, the silver is 
deposited bright, whereas without the disulphide 
it w^ould be duU 

Deiss, who first employed carbon disulphide 
in the extraction of fatty oils from seeds, oil- 
cakes, and other pressed lesidues, used the fol- 
lowing arrange men t — 

Carbon disulphide was introduced into a 
largo cemented buck work leseivoir, with a man- 
hole, which is generally kept closed, 22 feet 
long, 6 feet m diameter, and nearly 6 feet deep, 
and lined with lead up to the pumt to which it 
was filled with the disulphide and water, the 
latter being added as a thin layer to prevent the 
too rapid evaporation of the caibon disulphide. 
Immediately above this reservoir is a worm con- 
denser, whoso tail xiipe dips into the liquid in 
the reservoir below ; on one side of the condenser 
theie IS an extractor having a cajiacity of 4400 
gallons, and cajiable of icceiving a charge of 12 
tons of oilcake This extractor is supplied by 
means of a immp with carbon disulphide fiom 
the reservoir below through a pipe leading up 
from the reservoir to the oxtractoi The latter 
apparatus has two jierf orated shelves, one neaily 
at the top and the othei nearly at the bottom, 
between which the substance to be operated upon 
IS placed. In the space between the lower per- 
forated shelf and the bottom of the extractor is 
a coil of pipe through which steam can bo 
passed. Just above the upper perforated shelf 
there are nine pipes on the same level for the 
purpose of carrying the vapours produced in the 
operation to the condenser There are also 
pipes just above this shelf which are in direct 
communication with a still on the opposite side 
of the condenser, to which disulphide saturated 
with oil IS carried, the saturated disulphide 
rising to the surface in the operation owing to 
the difference in the sp gr of the carbon disul- 
phide (1*29) and oil (about 0*900). The still in 
which this liquid is distilled is about 11 feet 
long, 6 feet wide, and 15 inches deep, holding 
when half filhd about 400 gallons. The liqu*i 
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is heated by steam su[)pliod through two pipes 
coiled several times round the bottom of the 
still, and the vapour of the volatilised carbon 
disulphide is led through nine pipes into the 
condenser, and tlienoe into the leservoir below 
the condenser, and is ready to be used again in 
the extractor for macerating a fiesh quantity of 
material. 

The time taken to till the exii actor with 
carbon disulphide is 8 hours, the maceration 
of the material 4 hours, the emptying of the 
contents of the extractor into the reservoii at 
the close of the opoiation 2 hours, and the 
steaming of the oil m the still in older to free it 
from carbon disulphide from 8 to 12 hours 
Woikmg with an apparatus such as desciibcd, 
about 2J tons of oil can bo obtained in 30 hours 
from 25 tons of oilcake 

Extraction of fat from wool — Morson and 
Jerome employ for this purpose a laigc eylmdii- 
cal vessel with a elose-htting cover and double 
walls, between which hot water cii dilates The 
wool is placed on a perforated shelf near ih(‘ 
bottom ot the cylinder, whilst a peifoiated plate, 
a kind of piston, could bo pi eased upon the wool 
by an arrangement of sciews Carbon disul- 
phide IS pumped fiom a reservoir into the 
extractor, and as the liquid becomes satin ated 
with fat it IS led through a pipe into a still, 
heated by a coil of steam pipe at the bottom, the 
vapour being passed to a worm condenser and 
the liquid disulphide passed into the rcseivoir 
which IS immediately beneath By a second 
arrangement ot steam pipes, steam can be passed 
diiectly into the still so as to remove the last 
portions of disulphide, A current of air, heated 
to 70°, IS then forced through the wool by means 
of an an -pump As all the parts of the appaiatus 
are in direct communication with each other, it 
IS necessary to supply the diminished pressure 
♦in the reservoir When air is pumped out of it 
and sent through a tube several times bent and 
the last portion fitted with a hot-water jacket, 
the equilibrium of pressure should bo maintained, 
and this is done" by a supply of air from a gas- 
holder m connection with tho apparatus The 
last portions of carbon disulphide are thus swept 
out of tho extractor and are earned through a 
pipe into a second worm condenser, and thence 
to the reservoii. At convenient points between 
tho macerating vessel and the still, as well as at 
tho ends of the condensing woims, there are 
windows m tho pipes, which serve to form an 
idea of the state of the operation, and close to 
each of these windows is a cock from which a 
little of the liquid can be drawn and evapoiated, j 
in order to see if a residue of fat remains ' 

Tho macerating vessel or extractor is charged 
with about 10 tons of wool, which is then re- 
duced to about half its bulk by screwing down 
tho perforated plate Tho carbon disulphide is 
pumped into the extractor, and, after filtering 
through tho wool, ascends through tho perfora- 
tions and passes into a pipe leading to the con- 
denser. This IS continued until the liquid comes 
over colourless, and leaves no residue on evapo- 
ration. When the extracting process is finished, 
the cock admitting carbon disulphide into the 
extractor is closed, and a partial vacuum is 
formed by drawing air out of the extractor by 
tlm air-pump, the greater part of tho disulphide 
aonoring to tho wool being carried with it at 


the hrat few strokes. The water-jacket is then 
heated by water at 70°, and the cocks are so 
arranged as to allow the heated air to pass 
through the wool, and thence into tho open air 
By this method a considerable quantity ot fatty 
substance is obtained from sheep’s wool which 
was formerly lost 

Tho following mateiials aio treated with 
caibon disulphide in older to obtain fatty 
matters from them . — 

1 The dark-coloured residues of stcarm 
manufactories, which are products of tho treat- 
ment with sulphuric acid. They yield from 18 
to 20 ji.c. ol fatty acid, which was formerly 
almost entirely lost The residues are mixed 
with sawdust to facilitate the filtration of the 
dissolved portion. 

2 Tho dark-brown cart-grea^o from the axles 
of carts, carriages, &;c This is first treated with 
sulphuric acid, washed, and dried. 

3. Tow and rags used in cleaning machinery. 
4’his treatment of rags, &c , has a threetold ad- 
vantage , recovery of fat or fatty acids, purifi- 
cation of the rags so that they can be used again, 
and tho prevention of spontaneous combustion, 
which these materials aie liable to on exposure 
to air 

4 The refuse of the prejiaration of bees- 
wax, which on tieatment with carbon disulphide 
yields a yellow wax useful for many purposes. 

5 vSawdust that has been used lor filtering 
oils after puiification with sulphuric acid. 

0. Tho sediment produced by the treatment 
of various oils with sulidiunc acid contains about 
50 p c. of oil, which may bo extracted by caiboii 
disulphide after washing with boiling water, 
drying, and mixing it with sawdust 

7 Jfi)nes from slaughter-houses and kitchens 
to be used m the pieparation of bone-black 
yield to carbon disulphide from 10 to 12 pc 
of fat 

8. The expressed residues of oil seeds, such 
as rape, sesame, flax, &c , when they cannot bo 
properly employed as fodder In all cases it is 
neccssaiy to bieak up the oikako into small 
pieces before tieatmg it with carbon disulphide, 
so as to ensure thoiough jienetiation of this sub- 
stance. T’ho residue left after extracting tho 
fat IS hardly suitable foi fodder, but is valuable 
as a manure 

9. The ‘ cracklings ’ or greaves obtained by 
tho melting of tallow. 

10. Tho pressed cacao beans from ivhiih no 
further cacao butter can be obtained by pK'ssmg 

1 1 Tho pressed residues obtained in the 
preparation of olive oil. 

' Ertraetion of hitujnen^ d;c , from minrrah — 
Carbon disulphide can bo employed in the ex- 
traction of bitumen from mmoral bodies which 
contain so small a percentage as not to pay when 
obtained by tho ordinary process of distillation. 
The apparatus used consists of a close reservoir 
for the carbon disulphide, over which is a 
cooling apparatus which selves as condenser. 
Below the lesorvoir are two filters provided near 
tho bottom with perforated shelves. Minerals 
are introduced into the filters upon the shelf 
through doors near the bottom, which are then 
closed and made air-tight. Carbon disulphide 
IS now admitted through a pipe at tho bottom of 
each filter, and as the liquid rises it percolates 
through the mineials, dissolving out the bitumen, 
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and when full flows out at the top through 
a pipe leading to a still, where the saturated 
liquid 18 distilled, the vapour of carbon disul- 
phide ascjondmg into the condenser, and the 
liquid carbon disulphide as it condenses trickles 
into the reservoir beneath. The bituminous 
matters, winch remain in the still, are drawn off 
by a cock at the bottom, and the disulphide 
which remains absorbed by the minerals m the 
hltors 18 expelled by a current of steam. This 
appaiatus is x^ractically continuous, very httlc 
loss of the disuljihide taking place at each opera- 
tion, and as much as 12 x> c of bitumen can be 
obtained, whereas only 7 or 8 p c. could bo had 
by distillation 

Extraction of spices, dhe, — Boni^re has de- 
vised an apparatus for extracting the aromatic 
principles of various spices and other substances 
used for seasoning food, by means of carbon 
disulxihide It is on the same princqAe as the 
apparatus already described, and consists of a 
series of wire-gauze sieves arranged one over 
the other in an air-tight case The caibon disul- 
phide IS made to pass through the sieves, which 
contain the substance to be oxieiated ux)on, e.g, 
popper, thus dissolvmg out the active xirmciples, 
and as it reaches the tox) it flows through a 
pipe into a boiler The boiler contains salt, 
sugar, lactose, dextrin, saltpetre, or other 
material The liquid is distilled in the boiler, 
by admitting steam into a kind of jacket, when 
the disulx^hide distils over and is condensed in 
a woirn condenser, while the salt or sugar 
remains behind, retaining all the aromatic or 
active jirmciplcs of the spice. 

Jleigot has constructed an axiparatus for 
raxudly determining the quantity of oil in seeds, 
&e , by means of carbon disulxilude It consists 
of a glass vessel in the neck of which a cylin- 
drical glass vessel is accurately fitted, and at the 
side in a tubulure is inserted a small air-x)umi) 
50 grams of the finely ground seed to be ex- 
amined are x^i^^'Ced in the cylindrical glass 
vessel, and are covered with a diaphragm 
upon which 50 more grams are placed and 
covered with a second diaphragm Carbon 
disulphide is now x^ouied on until the seed is 
fully moistened, and after a few minutes a 
paitial vacuum is made in the aiiparatus by 
means of the air-xiumx), when the XJressure of the 
air drives out the disulphide and oil in solution 
into the vessel beneath This is lepeated until 
the earbon disulphide comes off colourless and 
leaves no oily stain on contact with filter 
paper About 400 or 500 grams of earbon di- 
sulphide are sufiicient to exhaust the above 
amount of seed 

The oily solution thus obtained is heated 
ver a water- bath, and as soon as the disulphide 
IS expelled, the residue is allowed to cool and is 
weighed. 

H. L. Greville has extracted with advantage 
the carbon disulphide absorbed in the purifiers 
of the gasworks The lime used for this pur- 
pose, after being discharged from the purifiers, 
IS introduced into a boiler capable of receiving a 
charge of several hundredweights, fitted with a 
perforated false bottom, pressure gauge, and an 
arrangement for admittmg steam. The yield of 
carbon disulphide from 100 tons of spent lime 
IS about tons In addition to the value of 
the crude product thus obtained, the lime 


remammg is, with a small addition of fresh 
lime, fit for further use in the purification of 
coal gas. As is well known, oxide of iron, 
after contmued use m the absorption of sulphur- 
etted hydrogen from coal gas, contains about 
50 pc of flee sulphur. The crude carbon di- 
sulxihide, obtained as described, can be used for 
the extraction of this sulphur, and the oxide 
which remains is revivified, and is again fit for 
purifymg x>urposes The sulphur is recovered 
by distillation, and the carbon disulx^hide can 
be used over again (J. Soc. Chem. fnd. 2, 488). 

The princix^al seats of manufacture of carbon 
disulphide m England are London, Manchester, 
certain towns in Yorkshire, and Ironbiidge , in 
Franco, Pans, Boideaux, and Marseilles. Ger- 
many, Austna, and Sicily have several manufac- 
tories 

Carbon monosulphide ( rCS) A reddish-brown 
Xiowdci obtained by exx^osing carbon disulphide 
to sunlight Insoluble in water, alcohol, 
turpentine, and benzene (Sidot, Compt rend. 
69, i:m ; 74, 180 , 81, 32). 

It IS also formed when thiocarbonyl chloride 
reacts at oidmaiy temx)eiature with mckcl car- 
bonyl a;CSCl 2 +^Ni(CO) 4 =a;NiCl 2 -f 4a;CO-h(CS)*. 
The leaction also takes place at —20°, although 
more slowly The nickel chloride x^roduced is 
extracted with water, and the blown residue is 
dried by heating at 100°, then at 150°-200° 
under reduced pressuic. 

Carbon monosulphidc has sp gr. 1*6, but after 
comx^ression into a sohd block the sp gr is 1 83. 
It IS a non-conductor of electricity. In concen- 
trated sulxihunc acid it forms a purplish-brown 
solution, the colour of which is destroyed on 
boiling, when carbon dioxide and sulx^hur di- 
oxide are evolved When poured into water 
the purplish-brown solution yields the unchanged 
monosulxihidc It also forms brown solutions 
m aqueous or alcoholic ammonia, m ammonium 
sulxihidc. 111 potassium-hydroxide sulphide and 
hydrosulphide With nitric acid it gives a led 
solution. When heated m a vacuum at 360° or 
below, no change takes xfi^-ce, only a small 
quantity ot hydrogen sulphide is evolved, but 
at a dull red heat it decomxioses thus 

2(CS),=.rC+'^CS2 

When carbon disulxihide vapour at low 
pressure is subjected to the action of the silent 
electric discharge, sulxihur is deposited, and 
probably gaseous carbon monosulxihide is 
evolved The gas can be collected in a tube 
cooled with liquid air, when it condenses together 
with caibon isulphide If the temperature of 
the condensing tube is allowed to rise, the mono- 
sulphide polymerjses with explosive violence to 
the brown sohd carbon monosulphide (CS)*. In 
presence of excess of carbon disulphide, the 
gaseous monosulphide is fairly stable under 
certain conditions even at high temperatures, 
but it is completely decomposed when passed 
through 10 c m of a led-hot tube packed with 
asbestos. (Dewar and Jones, Proc. Roy Soc. 
1910, 83, A, 408, 526 See also Dunn, Chem. 
Soc. Proc 1910, 116, Dewar and Jones, ihid. 
Trans. 1910, 1226 , Dewar and Jones, Proc. 
Roy. Soc. 1911, 85, 574.) 

Carbon oxysulphide or Carboxyl sulphide or 
Carbonyl sulphide COS. Discovered by Than, 
in 1867 ; occurs m certain hepatic waters or 
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mineral springs Prepared (1) by passmg a 
mixture of carbomc oxide and vapour of sulphur 
through a hot tube . CO+S— COS. — (2) By the 
action of sulphuric acid upon potassium or 
ammomum thiocyanate • 

CNKS-f 2 S 04 H 2 + 0 H 2 

=C0S+804HK+S04(NH4) 
The gas is purified by passing it successively 
through strong caustic alkali, concentrated sul- 
phuric acid, and finally through a mixture of 
triethylphosphme (1 part), pyridene {9 parts), 
and nitrobenzene (10 parts) It is then cooled 
to 10°-20°, and the last traces of impurities are 
removed by liquefying it, when the impurities 
remain uncondensed (Hempel, Zeitsch. angow 
Chom 1901, 14, 8fi5). — (3) By heating together 
sulphur trioxide and carbon disulphide . 
CSa-fSSOa— COS-j-4SOa (Armstrong) — (1) By 
heatmg urea with carbon disulphide in a sealed 
tube to 110° : COH^Na j-CSa-COS+CNS NII4. 
The oxysulphide is given off together with 
hydrogen sulphide on opening the tube, and the 
latter is absorbed by passing through lead 
acetate (Ladenburg) It is also formed in the 
combustion of carbon disulphide witli oxygen 
(Dixon and Russel, Chem. 8oc Trans 1899, 
010), and by the passage of the dark electric 
discharge through a mixture of carbon disulphide 
and carbon monoxide (Losanitsch and Jovit- 
schitsch, Bor. 1897, 30, 135) 

Properbes . — It is a colourless gas, and 
odourless when quite pure (Stock and Kuss) 
It acts strongly on the ncivous system, a rapid 
overpowering action following the inhalation 
of small quantities It is readily inflammable, 
and forms with oxygen an explosive mixture 
(Russell, Chom Soc Tians 1900, 35fl) The 
gas is soluble m water, 1 c c dissolving 0*8 c c 
of the gas at 13 5° and 750 mm pressure The 
solution gradually decomposes, forming hydrogen 
sulphide and carbon dioxide A platinum 
ware heated to whiteness in the gas decomposes 
it into sulphur and carbonic oxide, the latter 
occupying the original volume of the gas 
It has a specific gravity of 2 1010, and may be 
easily poured from one vessel to another When 
burnt m air, it produces carbon dioxide and 
sulphur dioxide With caustic alkalis, it yields 
a mixture of carbonate and sulphide 

C0S+4KH0=C03Ka4-K2S-f-2Ha0 

Carbon oxysulphide reacts with solutions of 
metallic salts, forming the metallic sulphide and 
carbon dioxide, and is readily oxidised to 
carbon dioxide and sulphuric acid by bromine 
water or acid permanganate. 

It IS slowly decomposed by acid cuprous 
chloride, thus 

COS + 2CuCl f- H2O = CO2 + 2HC1 -1- Cu,S 
(Berthelot, Ann. Chim. Phys. 1898, [7] 14, 205). 

With magnesium organic compounds, it can 
be employed m the synthesis of thio-acids and of 
^-trisubstituted carbmols (Wiegerb, Ber. 1903, | 
36, 1007) 

Its critical temperature is 105°, and its 
cntical pressure is 60 atmospheres. It is 
liquefied at a pressure of 1 2 5 atmospheres and 
temperature 0° to a colourless, mobile, and 
highly refractive liquid, D — 87'^ 1 24 ; ra.p 

— 138 2°, boiUng at —60-2°, at 760 mm., which 
dissolves sulphur and mixes with alcohol and 
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ether, but not with water Bull Soo. 

chim. [2] 37, 294; Stock and Kuss, Bor 1917, 
50, 159). 

CARBON SUBOXIDE (Carbon carbonyl; 
Carbonyl ketene ; Malonic anhydride) CgOg. 
Discovered in 1906 by Diels and Wolf Pre- 
pared by distilling ethyl malonate under reduced 
pressure into a vessel containing a large excess 
of phosphorus pentoxide and some glass wool, 
the vessel being kept at a temperature of 300° 
The resultmg products are passed through a dry 
tube, and then into a vessel immersed m liquid 
air to condense the ethylene and cai bon suboxido 
The ethylene volatilises from the mixture at the 
ordinary tempeiature, leaving a small quantity 
of colourless liquid This is volatilised and 
collected m a tube kept at between 60° and 70° 
(Diels and Wolf, Bcr 1906, (>89). Diels and 
Mcyerheim (ibid. 1907, 355) showed that carbon 
suboxido may bo obtained by similar methods 
from methyl, benzyl, and phenyl malunates and 
also from ethyl methanetiicarboxylatc ; and 
that by heatmg malonic acid at 140° -150° there 
is formed acetic acid, caibon dioxide, and about 
10-12 p c of carbon suboxide Staudmger and 
Bereza obtained carbon suboxide by treating 
malonyl chloride with silver, lead, or zinc 
oxides, the yield is only 10 pc (Ber. 1908, 
4161) J5y treating an ethereal solution ot 
dibrommalonyl chloiide with zinc shavings, a 
method similar to that for pn^paring the ketenes, 
Staudmger and Klcvcr obtained a 50-80 p c 
yield of carbon suboxide (Ber. 1908, 906) 
Stock and Stoltzenbcrg (Ber 1917, 50, 498) 
find that the poor yields of caibon suboxido 
usually obtained by the action of phosphoric 
oxide on malonic acid are laigely duo to the 
polymerisation of the suboxido under the 
catalytic influence of the dehydrating agent, and 
they describe an apparatus m which the suboxide 
18 rapidly removed by carrying out the reaction 
in a vacuum and condensing the product by 
liquid air. 

The pure oxide is a colourless, veiy mobile, 
refractive liquid with a pungent smell resembling 
acetaldehyde and mustard oil It is poisonous 
It boils at 7° under 761 mm , and its vapour 
density corresponds to the formula ('aOg ; 
in p —107° ( — 1 11*3° Stock and Stoltzenbeig) , 
density of liquid 1*11. On passing the vapour 
through a constricted tube, a metallic mirror 
resembling arsenic is obtained At low tem- 
peratures, carbon suboxide is quite stable, but 
between 0° and 15° a trace of impurity rapidly 
polymerises it to a red solid This jiolymerido 
IS very hygroscopic, and on addition of water, 
heat is developed, carbon dioxide evolved, and 
an eosin-red solution formed • by heatmg the 
red compound carbon dioxide, carbon monoxide 
and carbon suboxide are formed, and at higher 
temperatures, carbon monoxide and dioxide are 
produced, the residue being a mixture containing 
more carbon than is required for carbon suboxide. 
By keeping carbon suboxido for 2 days m a 
sealed tube at 15°, it completely changes into 
the polyraende, formmg a dark-ied solid mass, 
soluble in water to a dark-red solution ; this 
change is mstantaneous at 100°. Carbon 
suboxido bums with a bright-blue but smoky 
flame, formmg carbon dioxide. Carbon suboxide 
does not combine with aldehydes, Schiff’s 
bases or hydrogen cyanide (Diels and Lalm, 
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Ber. 1908, ^420), but in liquid sulphur dioxide 
at —40° to —50° forms a white ciystalline 
compound with formic acid, and a colouiless 
syrup with acetic acid ; the constitution of 
these compounds is doubtful Water quickly 
reconverts it into malonie acid 

Two forrauhe have been projiosed for carbon 
suboxide ; Diels and Wolf rejiresent it as the 
anhydiidc of malonie acid () (hC.C O, 
Michael (Bor. 1900, 1915, 1908, 425), as the 

lactone of j8-hydroxypropiolic acid 

The first formula scorns to bo correct, foi the 
following reasons {v. Diels and Blumberg, Bei. 
1908, 82, 1233) 

(1) Bp 7° Bropiohc acid boils at 144°, and 
if )S-hydroxypropiohc acid had a boiling-) lomt, 
it would boil higher still, and its lactone would 
certainly not boil at so low a temjierature as 7°. 

(2) The values for the molecular refraction 
and molecular dispersion are high: M^=10 6, 

y— a -0 736, 0*739, 0*862 (three determinations). 

(3) Similarity of carbon suboxide to the 
metallic carbonyls. 

(4) Similarity to the isocyanates and ketenes 

(5) Addition of four atoms of bromine to 
form dibrornmalonyl bromide and the regenera- 
tion of carbon suboxido from this compound 

(6) The following chemical reactions . — 

O C C C 0-l-2H20=n()OCCTl2 COOH(malomcaci'l) 
0 C C C 0 + 2HCl=Cl()0 CHoT'OCKmalonyl chloride) 
O C C 0 0 + 2NH8 

=HbN ()C cqio CON If 2 (malomimidc) 
0 C C C 0-f.2CflH5NH2 

=C„H 5 ‘HN OC CUg CONU Cglfg (malouanilidc) 

(7) The improbability of the existence of a 
fi-lactone containing two carbon atoms triply 
linked together (v Ketones). 

CARBONADO v Diamond. 

CARBONITE, or natural coke A coke-like 
material formed by the baking action of intru- 
sive Igneous lock-masses on scams of bituminous 
coal Found m Ayrshire and m Chesterfield co , 
Virginia L. J S. 

CARBONITE. An exjdosive consisting of 
nitroglycerine, 25-27 parts , barium nitrate and 
potassium nitrate, 30-36 parts , wood meal, 
40-13 parts , sodium carbonate, 0 5 parts (?; 
Explosives). 

CARBONYLS Metallic compounds of car- 
bon monoxide The existence of this class of 
compounds was first made known in 1890, when 
Mond, Danger, and Quincke discovered that 
carbon monoxide, passed over heated, finely 
divided nickel, yielded a colourless volatile 
liquid 

Iron, cobalt, molybdi'num, and ruthenium 
have since been found to yield carbonyls by 
similar treatment. 

The production of the carbonyl is facilitated 
by conducting the operation under pressure and, 
in most cases, at a fairly high temperature. 

For the production of the iron and nickel 
compounds, the carbon monoxide is simply 
passed over the heated metal, but for the other 
compounds a special apparatus is used This 
consists of a nickel-steel tube, in the form of a 
test-tube, capable of withstanding a pressure of 
500 atmospheres and a temperature of 450°. It 
IS copper lined to prevent the action of carbon 
monoxide upon the iron The carbon monoxide 
under pressure is led in through a pressure' valve 


and down a copper tube reaching almost to the 
bottom of the nickel-stcel tube, where it comes 
in contact with the metal to be experimented 
upon, contained m a glass tube loosely fitted 
to the top of the appaiatus The excess of the 
carbon monoxide, and other vapours, escape 
through a picssure valve and pass through a 
tube immersed m a freezing mixture, in which 
any compound that is formed is collected 
(Chem. Soc. Trans. 1910, 97, 798). 

The caibonyls have veiy similar chemical 
pro)ieities Upon heating, in some cases an 
intei mediate compound is formed, but they all 
decompose ultimately, yielding the metal, which 
18 deposited as a bright mirror, and carbon 
monoxide Dilute acids are piactically without 
action upon them, but strong acids decompose 
them leadily. giving the corresponding salt, 
with the evolution of carbon monoxide and hydro- 
gen The halogens also decompose them All 
are decomposed by moist air, giving precipitates 
of the metallic hydi oxides and, in some cases, 
what is piobably a hydrated basic carbonate. 
They are moie or l(*ss soluble m the common 
organic solvents, but all are insoluble m water 

In yihysical propeities, they vary con- 
siderably , thus, m volatility, they range fiom 
the non-volatile Fe 2 (FO )4 of sp gi 2 08 to the 
very volatile Ni(C ())4 of sp gr. 1 32 They aie 
higldy eolouied, except in the cases of molyb- 
denum and nickel carbonyls, which are white 
and colourless respectively Some can exist m 
the three states of solid, liquid, and vapour, and 
others in only one oi two of these phases 

Owing to their divcusity in ('omposition, a 
general chemical formula cannot be assigned to 
them, but it is probable that thev are similarly 

AX) CO 

constituted. A ring formula, e g Ni.'f | 

CO -CO 

does not explain all their )iiopcrtios, and the 
compound Fo 2 (CO )9 cannot be brought into line 
with the other compounds which only contain 
one atom of the metal Presumably they have 
a molecular rather than an atomic constitution 
(Mond, Hertz and Co wap, I c.). The various 
known carbonyls are described under the several 
metals. 

CARBORUNDUM {Crysfalhnp sthcon car 
bide) SiC. This compound was discovered 
accidentally by Acheson, m 1891, and is now 
manufactured under his patent (Eng Pat 
17911, 1892) by the Carborundum Co at 
Niagara Falls, USA, and to a smaller extent in 
Canada. 

Preparation — Amorphous silicon carbide is 
formed by heating carbon and silica together at 
about 1200 °, as a greenish powder (Schutzon- 
berger, Compt rend 114, 1089), but carborun- 
dum IS only formed at a temperature of 1950° 
(Tucker and Dampen, J Amer Chem Soc 1906, 
28, 853) (1820° according to Gillett), which is 
attained by means of the electric arc Moissan 
thus prepared pure silicon carbide from the 
vapours of carbon and silicon (Compt. rend. 
1893, 114, 1089) 

The method of manufacture used at Niagara 
18 as follows • — The furnaces are built of firebrick 
and are about 16 feet long x 5 feet high x 5 feet 
wide. The ends are solid, about 2 feet thick, 
and carry tb'' terminals Each teimmal con- 
sists of 60 carbon rods, 30 ^inches long and 
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3 inches diameter, into the ends of which fit 
copper plugs which m turn fit into sockets in a 
square copper plate bolted to the outside of the 
wall, and connected with the leads Only the 
end walls and the bed are permanent , the sides 
are built up with the charge and taken down to 
remove the product. 

In chargmg, the furnace is half filled with 
the materials, which must not touch the elec- 
trodes , and a cylindrical core 21 inches diameter, 
composed of pieces of coke J-J inch diameter, 
IS built up between the electrodes Over this 
the charge is built up to a height of 8 feet. The 
current passes through the coke and forms 
numerous arcs which heat the charge to a 
very high temperature The charge is com- 
posed of : 


Coke 

Sand 

Sawdust 

Salt 


34 2 parts 
54 2 „ 

9-9 „ 

1 7 „ 


The salt is added as a flux , the sawdust to 
increase the porosity of the charge and allow 
the escape of the carbon monoxide foimed in 
the reaction • 


SiO 2 + 2C = Si -f 2CO 
Si+C— SiC/ 


During the run, about 0 tons of this gas are 
given off ; it is allowed to burn at the top of the 
furnace. 

The alt(^rnating current supplied by the 
Niagara Power Co at 2200 volts is transformed 
down to 105 volts, and a large water rheostat is 
used to regulate or mteiiupt the cunent, the 
usual means being too dangeious with the heavy 
currents used At the beginning of a run, the 
E M F. is 105 volts, but within IJ hours the 
resistance decreases and the E M F. is reduced 
to 125 volts , during this peiiod, the current 
increases from 1700 amperes to 0000 ampeies 
The conditions then lemain steady during the 
whole run of 30 hours 

A modification of the process consists in pre- 
heating the charge by combustion of gaseous or 
solid fuel (Tone and the Carborundum Co 
U S Pat 908357, 1908) By moving the po- 
sition of the arc relatively to the chaige, the 
process may bo made continuous {ihid U 8 Pat 
937119, 1909). 

The charge per furnace is about 30,000 lbs , 
of which the core forms about 3 p c , the energy 
used IS about 20,400 kilowatt-hours, and the 
product contains about 6700 lbs of carboiun- 
dum and 5000 lbs. of amorphous silicon car- 
bide. 

The carborundum is dug out m laige masses 
and pounded with water in a mechanical 
crusher, and then digested with sulphuric acid 
(1:2) for 3 days at 100°, and finally washed with 
water The finer portions, which are washed 
away, are collected separately and known as 
flours. The residue is dried m a kiln and graded 
through a system of screens Hand-washed 
powders are of various grades of fineness, accord- 
ing to the length of time they remam suspended 
in water (Kohn, J. Soc. Chem. Ind. 1897, 
863). 

Some analyses of these product'' are tabulated 
above : — 


— 

I. 

II. 

III. 

IV. 

Y. 

Si 

70 00 

09-93 

62-70 

69-10 

65 42 

c 

30 00 

29 90 

32-20 

30-20 

27 93 

AlgOi \ 
FeoOg / 

— 

— 

0 93 

0 40 

5-09 

CaO 

— 

— 

. — 

0-15 

0-38 

MgO 

i 

— 

0-11 


0 21 


I. IS the calculated composition for SiC ; 
II IS Moissan’s puie product (Compt. rend. 
1893, 111, 1089), 111 IS commercial carboiun- 
dum , IV IS the same after purification by 
Muhlhaiiscr’s method — heating in oxygen for 
1 hour and treating with hot sulphuric and 
hydiolluonc acids (Dingl poly J. 1893, 289, 
104) ; V IS amorphous silicon carbide 

Webei has jiatented a method of pioduction 
from kaolin and coke in the electric furnace The 
product 18 treated with water, which decomposes 
the aluminium carbide, leaving the carborun- 
dum (U S. Pat 728528, 1903). 

The production of a dense, compact variety, 
by the action of the vapours of carbon and 
silicon upon silicon carbide has been patented 
by the C^arboiundum Co. (U 8 Pat. 913324) 
and by Bouvier (Fr. Pat 350309, 1904) It 
IS very hard, resists acid, and is a good insu- 
lator 

Its pieparation fiom silicon monoxide and 
carbon has been described bv Potter and Westing 
house (U8. Pat 875073, 1907) 

Articles may be formed m pure carbon and 
afterwards converted into caiborundum by 
heating to a vciy high tcmjieiaturo in a bed of 
finely powdered carboiundum or of sand and 
carbon (Bolling, Eng Pat 0093, 1905 , D R P. 
195.533 , Fr l^at 353017) 

Properties — Caiborundum crystallises m 
flattened hexagonal rhombohcdia, having an 
adamantine lustre and a hardness of 9 5 (Muhl- 
hauser, Zcitsch anal Chem 1893, 037). The 
colour of the commercial product is greenish- 
grey to yellow or blue ; obtained pure from 
pure materials, the compound is colourless. 
Its sp gr IS 3 23 at 15° (Fitzgerald, J 8oc. Chem. 
Ind 1897,240). 

It IS infusible and quite unaffected up to a 
temperature of 2220°, when it decomposes into 
silicon and graphitic carbon (Tucker and 
Lampen, J Amcr. Chem Soc 1906, 28, 853). 
Acids have no action upon it, but it is attacked 
by fused alkalis with formation of a silicate and 
carbon. 

The determination of silicon in carborundum 
is made by converting it to silicate as above, and 
precipitating as silica ; carbon is estimated by 
oxidising the finely powdered substance with lead 
chromate (Matthews, J. Soc. Chem. Ind. 1895, 
755 , Muhlhauser, Zeitsch. anal. Chem. 1893, 
637) 

U — Carborundum is used chiefly instead 
of emery as an abrasive. Though it is mjre 
costly, it does the same work more effectively in 
one-third to one-fourth the time (Muhlhauser, 

I c.) The powder is used in glass cutting and 
gnndmg, and for pohshmg 

It 18 made up into wheels, hones, &c., by 
mixing with moistened kaolin and felspar, 
moulding under hydraulic pressure, and firing 
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the articles in a kiln for 7 days. Other binding 
materials, such as shellac, are used for special 
purposes, and papers, similar to emery paper, 
are made. The binding material may be dis- 
pensed with by moulding the carborundum with 
water and then heating the articles to 2500°F. in 
an oxidising flame (Iraray, Eng. Pat. 9963, 1904 , 
Tone, U.S Pat 772262) 

Carborundum can be used instead of diamond 
for drill heads, if incorporated in a suitable 
metallic or ceramic matrix (Bouvier, Fr. Pat. 
375338, 1907). 

Sihcon carbide is used instead of ferro-silicon 
as a source of silicon in steel making About 
OT-0 4 pc. IS placed in the ladle and dissolves 
readily in the molten steel, ensuring solid 
castings (Kaufrnann and Bouvier, Fr. Pat. 
344906, 1904 ; Eng, Mm J. 75, 481) 

The amorphous silicon carbide, formerly a 
waste product, is used for making highly re- 
fractory firebricks and the retorts for zinc 
distiUing (Chesneau, Ann Chim. anal appl. 1908, 
13, 85). A refractory cement is made fiom car- 
borundum 90-60 parts, fireclay 10-40 parts, 
lime 0-4 parts, and water-glass solution 47‘^Be 
20-50 parts, mixed, dried, and repowdered 
(Muller, Fr Pat 338914, 1903) 

Neumann has shown that silicon carbide 
reduces silviT, copper, nickel, and lead from the 
chlorides ((/hem. Zcit 1900, 24, 1013) 

By the action of silicon carbide on metallic 
oxides, many metallic silicides may be obtained 
This reaction may be used for the preparation of 
special ternary or quaternary steels at a single 
operation (Baradac-Muller, Soc Mg Cic de 
France, Proc -veib 1908, 245) 

o-CARBOXYPHENYLTHIO G L Y C 0 L L I C 
ACID, o - CARBOXYPHENYLTHIOLACETIC 
ACIDi;. Phbnylthioglycol-o-caeboxylio acid. 

CARBURIKE, Trade name foi a vanety of 
petroleum spirit , sp gi 0 (>8 Used as an 
‘ enrichcr ’ of coal gas. 

CARCLAZITE or CARCLAZYTE. A name 
suggested by J. H Collins (The Hensbarrow 
Granite District, Truro, 1878) for the china-clay- 
rock from which china-clay is prepared So 
named from the Carclaze mine, neai St Austell, 
in (Cornwall L J. S 

CARDAMOM OIL v Oils, Essential 
CARDAMOM SEEDS, ('ardamomi Semim^ 
B.P. The dried ripe seeds of Eldtcria (Uirda- 
momum (Maton) 

CARDINAL RED, Syn Acid waqrnta {v, 1 
Triphenylmethane colouring matters) 
CARDOL. A non-volatile oil found in the 
pericarp of the cashew nut, Anacardium occi- 
dentale (Lmn ). 

CARICIN. An oil found m the seeds of the 
papaw tree, Carica papaya (Lmn.) (Peckolt, 
Pharm J. [3] 10, 343) 

CARMINAPH V Azo- colouring matters 

CARMINAPH GARNET v Azo- colouring 

MATTERS. 

CARMINAZARIN v Cochineal, 

CARMINE. The red colouring matter ex- 
tracted from the cochmeal insect It is of some- 
what variable composition, containing besides 
the colouring matter some organic matter from 
the insects and a little of the salt used to pre- 
cipitate it from solution. 

Preparation — The powdered cochineal is 
boiled with water, the solution filtered or al- 


lowed to settle, and the colouring matter pre- 
cipitated by addition of some salt, such as alum, 
stannous chloride, cream of tartar, Roman alum, 
&c. The precipitate is allowed to settle, and col- 
lected. Sometimes fish glue or white of egg is 
added before precipitation. Carmine is some- 
what soluble m water and very freely soluble m 
alkaline solutions. The whole of the colouring 
matter is immediately precipitated by alum in 
the form of a lake. 

In dyemg with carmine, a mordant of alum 
or stannous chloride is used. Kielmeyer recom- 
mends the following mixture for printing on 
woollen goods 14 kilos, gum, 17 5 kilos, cochi- 
neal lake, and 2 25 kilos, fustic lake, are mixed 
and warmed with 15 lit water till the gum is dis- 
solved, then 1 kilo of oxalic acid and 1 75 kilos, 
acid sodium oxalate added, and the mixture 
allowed to cool, after which 2*25 kilos, sodium 
acetate are added After printing, the fabric 
must be dried for a day or two, steamed under 
a slight pressure, and washed m a stream of 
water 

Detection of car mime in cloth — ^Alcohol 
takes no colour from the cloth, but when it is 
boiled in solution of aluminium sulphate the 
solution turns red and the colour is unchanged 
by the addition of acid sodium sulphate. 

The absorption spectrum of carmine in 
alkaline solution is remarkable, showing two 
dark bands between the lines D and E very 
similar to those of blood MiireMdc and madder 
show no such bands Whim vine is coloured 
with carmine, the characteristic absorption 
bands cannot be seen unless nioie than 12 p.c of 
the total colour is duo to carmine (Gautier), but 
the adulteration can bo detected by adding 
alum, when the colour changes to a rose 
tint. 

It 18 said that the finest shades of carmine can 
only be obtamed by working in direct sunlight 
(v. Cochineal) 

CARMINIC ACID ?) Cochineal. 

CARMOISINE. Syn for Azoruhin {v. Azo- 

COLOURING MATTER«J) 

CARMUFELLIC ACID An acid 

crystallismg in thin plates, said to be formed by 
the action of nitric acid on oil of cloves (Muspratt 
and Dawson, Phil Mag [4] 2, 293). 

CARNALLITE. Hydrated double chloride 
of potassium (KCJl 26 8 p c ) and magnesium, 
KCl MgClg fiHjO. It occurs abundantly in the 
uppermost layers canialhte zone ’) of the beds 
of abraum-salts in the Piussian salt deposits, 
and IS the chief commercial source of potas- 
sium chloride It is also found at Wittelsheim 
in Upper Alsace. 4’he mother-liquor, remain- 
ing alter the potassium chloride has crystallised 
out, contains traces of bromine and rubidium, 
the former of which is a valuable by-product. 
Thallium has also been detected in traces. When 
pure, the mineral is colourless and water-clear, 
but it IS often coloured yellowish or reddish by 
intermixed impurities. Red carnallite owes its 
colour and metallic sheen (resembling that of 
sunstone) to the presence of minute scales of 
hflematite. Crystals are rare ; they are ortho- 
rhombic, and have the form of six-sided 
pyramids with numerous well- developed faces. 
Owing to the extreme deliquescence of the salt, 
crystals must be preserved in sealed vessels. 
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Camallite and bromcamallite, in which bromine 
takes the place of chlorme in the above formula, 
have been prepared artificially from solutions 
containing a large excess of magnesium chloride 
and at a temperature of over 25°. L. J. S 

CARNAilBA WAX or CARNAHUBA WAX 
V. Waxes. 

CARNAUBIC ACID C23H47COOH is ob- 
tained from Carnauba wax ; m.p. 72 5° (Sturcke, 


I red needles, m.p. 214°-218° (decomp ) (Gule- 
i witsch and Knmberg, Zeitsch physiol. Chem 
' 1905, 45, 820) , the hydrochloride is hygroscopic 
and las VO -rotatory. The aunchlonde 

C^HieOsNAuCU 

forms pale yellow needles and orange noodles or 
prisms, m p. 150° , tho mcrcurichloride 

C,Hi 503 N,HCl, 6 HgCl 2 


Annalen, 1884, 223, 283 , Darmstaodter and 
Lifschiitz, Bor. 1896, 619, 2899). 

CARNELIAN v. Chalcedony. 

CARNINE 18 the name given to a base 
isolated from meat extract by Voit (Weidol, 
Annalen, 1871, 158, 353) , it occurs also m 
beer yeast extract (Schutzenberger, Chom. 
Zentr 1877, 73), in tho muscle of some fresh- 
'Vater fish and frog’s flesh (Kruckenbcrg and 
Wagner, ibid 1884, 107), and m beet juico (v. 
Lippmann, Bor. 1896, 29, 2645). Carnine 
crystallises in chalk- white druses, is spaiingly 
soluble m cold, readily so in hot, water, insoluble 
m alcohol or ether , it forms a crystalline hydro- 
chloride and plaiinichloride^ and a spaiingly 
soluble compound with silver nitrate (Weidcl, 
lx ). 

Haiser and Wentzel (Monatsh 1908, 29, 157) 
have shown that carnine is an approximately 
equal molecular mixtuie of hypoxanthme and 
inosine OioHi^05N4, and the two are separated 
by the action of acetic anhydride which converts 
the inosine into tho acetate (\oH 902 N 4 (()Ac)j, 
m p. 236° (decomp ) Inosine crystallises in 
silky needles, m p. 215° (decomp ), 49 2°, 

and 100 c c of aqueous solution saturated at 20° 
contains 1 615 grams When inosine is hydio- 
lysed by sulphuric acid it yields hypoxanthme 
and a pentose, originally teimed car nose by 
Levene and Jacobs (Ber 1909, 42, 2102, 2474) 
and afterwards identified with a-7 ihose Inosine 
IS closely related to uw^ic acid (hypoxanthme 
phosphor ihoside) (Levene and Jacobs, ivid 1910, 


IS an oil that slowly crystallises , the compound 
^'7Hi603N,2HgCl2 has mp 196°-197° (Krim- 
berg, ibid 1907, 50, 361) The monoacetyl de- 
rivative of the hydrochloride OAc CvH 
forms a yellow crystalline platimchloride 

(C3Hie03N)2PtCle 

m p 199° (Engeland, Ber 1909, 42, 2457) Tho 
ethyl ester is identical with Kiitscher’s oblitine 
(Zeitsch Nahr. Geniissm 1905, 10, 534), (Knm- 
berg, Zeitsch physiol (’hem 1908, 58, 417 ; 
Ber 1909, 42, 3878 , Engeland, I c ) 

Carnitine is identical with Kutscher’s novnine 
(Knmberg, Zeitsch physiol Chom 1908, 55, 
466 ; Engeland, Ber 1909, 12, 2457), and is 
probably a hydroxy derivative of a betaine, since 
on reduction with hydiogen iodide and red 
phosphorus at 130°, it yields a product identical 
with Willstattcr’s y-tnmcthylbutyrobetamo 

(Ber 1902, 35, 581, see also Fischer and 
Coddertz, Ber 1910, 43, 3272-3280) Knmbeig 
(Zeitsch j)hysiol Chem 1907,53,511) Accord- 
ing to Engeland (Ber 1909, 42, 2457 , 43, 2705) 
and Rollett (Zeitsch physiol Chem. 1910, 69, 
60), cainitme hydrochloride is the chloride of a- 
hydroxy-7-ti imcthylamino-n-butyric acid 

NMegCl (JHa CHa CH(0H)-C02H , 
the isomeride,i8- hydroxy- tnrne thy lanuno butyiic 
acid chloride crystallises in needles, gives a 
chloroaurate, m p. 145°, which decomposes 
225° (Engeland, ibid, 1910, 43, 2705-2707) 


43, 3147 , Broc. Anier. Soc Biol (.hem 1910, 
25 , Haiscr and Wentzel, Monatsh 1909, 30, 
147), foi by heating a dilute aqueous solution 
of barium inosate at 125°-130° for 6 hours, 
inosine and barium phosphate are foimed Tho 
relation between the two compounds is probably 
represented by the following formula) • 

.N~C— N 
H H H cH<^ II II 

O : P( 0 H )20 CHj (>_(J_C_CH>N— C OH 

’ ! OH OH I 1 ' 

() CO-NH 

Inosic acid 



M. A. W. 

CARNITINE C7 Hj 503N, a base isolated from 
Liebig’s beef extract and present also in fiesh 
beef , IS readily soluble m water yielding an 
alkaline solution , tho nitrate crystallises m 
needles and has [a]^ about —22° ; the plaiin- 

chloride Ci4H3208N2,PtCl3 ^rms minute orange- 


F. BsTtiNES M. A. W. 

CARNOSINE C,H4403N4, a base isolated 
from Liebig’s extract of beef(9ce Smorodmzew, 
Zeitsch physiol Chem. 1913, 87, 20 , ibid 92, 
19 and 227, for the percentage of carnosine found 
in muscle extracts) is soluble in water, crystal- 
lises in rosettes of largo colourless needles, 
mp 246°-250° (decorap). It has [alD+21 
independently of the concentration (Gule witsch 
(Zeitsch physiol Chem 1913, 87, 6-11), and has 
a strongly alkaline reaction The vapours of 
carnosine give the pyrrole reaction with a pinq 
splinter, Gulewitsch {ibid. 87, 8) Carnosme 
may be precipitated from an aqueous extract of 
muscle by a saturated solution of mercuric 
sulphate in 5 p c sulphuric acid , the precipita- 
tion IS accelerated by the addition of two 
volumes of alcohol and a little ether (Dietrich, 
Zeitsch physiol Chem 1914, 92, 212-213). 
Smorodmzew {ibid. 214-220) recommends a 
10 pc. solution of mercunc sulphate m 5 p c 
sulphuric acid solution Camosmo can be 
isolated by precipitation with a copper salt, 
Mauthner (Mnnatsh. 34, 883-900). Tho nitrate 
CgHijOgNj crystallises in largo stellate clusters 
of needles, m.p. 219° (decomp.), [a] 1^5® -f 22 2, 

I?=7*603 p.c., c=7*820 p.c. The rotatory power 
increases shghtly on dilution ; it falls to abou b 
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half its value m presence of nitric acid (Gule- 
witsoh, ibid, 1 - 6 ) , the copper derivative 

IS oryatallme and decomposes at 220°. The 
silver derivative and acid double salt with silver 
nitrate closely resemble the corresponding 
derivatives of arginine (Gulewitsch and Ami- 
radzibi, Bor. 1900, 33, 1902). Carnosmo is 
probably identical with Kutscher’s tgnoiine 
(Zeitsch Nahr Genussm 1905, 10, 528 , Gule- 
witsch, Zcitsch physiol Chem 1900, 50, 201, 
51, 258 ; 52, 527) Cornpaio, however, Kutschor 
{ibid. 1907, 50, 445 , 51, 545) 

When carnosmo is hydrolysed by boiling 
with barium hydroxide it yields histidine, the 
other product of hydrolysis being probably 
alanine 

9H 14O3N4 4 H,0 - ( 'eH «( 4 - ( 

According to Gulewitsch (Zeitsch physiol Chem. 
1911, 73, 434--14()) thiec-quarters of the caino- 
sine nitiogen belongs to histidine and the rest to 
; 8 - alanine. 

That carnosmo is )3-alanylhistidme is shown 
by its synthesia fiom histidine and )3-iodopio- 
pionyl chloride (Baumann and Ingvaldstn, 
J Biol Chem 1911 S, 35, 203) This is fiiithci 
proved by its behavioui townid.s 2 4 5-tiinitio- 
tolucne It has been synthesised by condensing 
)3-nitroproj)ionyl chloride with histidine methyl 
ester and reducing the resulting products with 
stannous chloiide and hydiochloiie and (Baiger 
and Tutm, Bio-(4ioni J 1918, 12, 402) 

The carnosme content of tlesh extiacts may 
bo estimated by two coloi irnetric methods 
which control one anothei , the one depends 
on the colour yielded by the histidmc complex 
in the carnosme molecule with diazobenzene- 
sulphonie acid (Weiss and Sobolev, Biochem 
Zeitsch 1913, 58, 119-129) , the other on the 
violet colour yielded by carnosme when boiled 
with cupric hydroxide, Furth and Hryntschak 
(Biochem Zcitsch 1914, 04, 172-194) 

M. A W 

CARNOTITE, A hydrated vanadate of 
uranium and potassium, occuiiing abundantly 
as a bright canary-yellow pow^der disseminated 
in sandstone in western (Jolorado C Fnedel 
and E Cumenge (Corapt rend 1890, 128, 532), 
by whom it was first described and named (after 
A Carnot), expressed the composition by the 
formula 2 U 2 O 3 VgO^ K 2 O 3 tf 20 Detailed an- 
alyses were made by W F Hillebrand (Amcr J. 
»Sci 1900, 10, 120), and ho concluded that the 
mineral is not simple, but a mixture This view 
is, however, not borne out by T Crook and G S 
Blake (Mm. Mag 1910, 15, 271), who find that 
the material, both from Colorado and from 
South Australia, is definitely crystallised m 
mmute plates possessing orthorhombic sym- 
metry and with characters analogous to those of 
autunite [Ca( 1102 ) 2 ^ 205 , SHgO] The original 
material was founcl by M and Mine (3urie to 
contain radium and polonium. 

The carnotite-bcarmg sandstones occur over 
an extensive tract of country on both sides of the 
Colorado-Utah boundary, the iichest deposits 
being 111 the neighbourhood of La Sal Creek, 
Roc Creek, and Paradox Valley, m Montrose Co., 
and m San Miguel and Dolores Cos , in south- 
west Colorado , other deposits are met with near 
Coal Creek m Rio Blanco Co. and Skull Creek in 


Routt Co in north-west Coiorado, and at Mauch 
Chunk, Pennsylvania. Most of these deposits 
are in Jurassic (La Plata) sandstone, but some 
of those in the N.W. are m sandstones of 
Cretaceous age They have been mined at 
several spots, and a plant for the extraction of 
uranium, radium, and vanadium salts has been 
erected near Cedar in San Miguel Co., Colorado ; 
but the sandstone 01 e is of a low grade, and the 
difficulties of transijort are considerable. An 
average sample of marketed ore assayed 
UjOs 11*49 p c and VgOe 6*40 p c (R B Moore 
and K L Kithil, U S Bureau of Mines, Bull 
70, 1913 , C. L Parsons and others, ihid. Bull 
104, 1915) 

In South Australia, at Radium Hill, near 
Olary, carnotite occurs m films on the jomt- 
planes of a large deposit of ilmenite rutile, and 
magnetite. 

A closely allied mineral, named fergamte 
(I A Antipov, 1908 , Abstr mJahrb. Mm 1909, 
11 , 38), is a hydrated vanadate of uranium and 
lithium It occurs, together with other uiamiim 
minerals, m iirov Fergana m Russian 3hirkestan. 

L J S 

CARO’S ACID. Monopersulphuric acid {v. 
Sulphur). 

CAROBS. Specimens of commercial carobs 
are found to possess the following percentage 
composition water, 9-13 ; mtiogenous com- 
pounds, 5-7 , cellulose, 8-1 2 , fat, less than I ; 
ash, 2 , sugars (dextrose and sucrose m variable 
propoitions), 30-43 ; phosphoric oxide, 0*16- 
0 24(Balland, J Pharm Chim. 1904, [6] 19, 509). 

CARONE V Ketones. 

CARONY BARK v Cusparta baric 

CAROTIN. 44ie colouring matter of Dau~ 
rus carota ( Linn ) Found also m the leaves of 
plants to tlic extent of 0 1 to 0 2 p c (Arnaud, 
Compt rend 1890, 109, 911) m full vegetation, 
and to a slight extent m etiolated leaves (Im- 
mendorf, CIkmu Zentr 1890, 1 103), and m the 
tomato ; is present m maize, squash, orange-peel, 
flax seed, mu staid seed, black sesame seed, 
palm oil, but not m rape seed, white sunflower 
seed, turnip, safflower, cotton seed or turmeric. 
It forms the colouring matter of yellow and 
orange pollen , the oily drops on the surface of 
the pollen of Verbascum thapsifonna contain not 
less than fi fi p c of carotin , and m the animal 
kingdom it occurs as the colouring matter of 
milk-fat, hence m butter and the body-fat, 
corpus lulcmn and skin secretions of the cow , 
it constitutes the yellow lipochrome of blood- 
serum and is found m Diaptomus harilhfer 
(Blanchard, Compt rend 1890, 110, 292) 
It can also bo extracted from stinging-nettle 
loaves with light petroleum (Willstatter and 
Mieg, Annalen, 1907, 355, 1). Carotin crystal- 
lises m copper- coloured leaflets which appx'^ar red 
by transmitted light, and have m p 107*8°. It 
18 insoluble m water, readily soluble m carbon 
disulphide or benzene, sparingly so m alcohol, 
ether, petroleum, or chloroform Carotin is able 
to decompose carbon dioxide with formation of 
oxygen, and this probably explains why etiolated 
leaves can, under certain conditions, generate 
oxygen (Kohl, Chem Zentr 1906, 11 442) 

Carotm is an unsaturated hydrocarbon 
having the formula C 4 oH 5 ^ (Willstatter and 
Mieg. Ic) ; it combines with iodine to form 
the iodide C 4 oH 5 gT 2 , v'hich crystallises in rosettes 
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of dark- violet prisms, and decomposes at 
140° -170° ; and the iodide C40H54T3, which 
forms dark-violet plates and decomposes at 
136°-137°. The hromo- compound C4oH88Br2a 
decomposes at 1 71°-174° (WilLstatter and Escher, 
Zeitsch. physiol Chem 1910, 63, 47) Carotin 
dissolves slowly m concentrated sulphuric acid, 
forming an indigo-blue solution from which 
the hydrocarbon is precipitated m green flakes on 
the addition of water ; it absorbs oxygen to the 
extent of 34 3 p c of its weight, yielding a colour- 
less substance. When carotin is oxidised 
with a small amount of acetic acid solution of 
chromic anhydnde, and the temperature kept 
below 30°-40°, an oil C^oH^Og, or is 

obtained, and this does not solidify at —104° 
(Euler and Nordenson, Zeitsch. 2>hysiol. Chem. 
1908, 66, 223) 

Carotin has no appreciable toxic acid , 
quantities of 0*2 gram injected into guinea-pigs 
had no effect on the health of the animals. 

CAROUBIN and CAROUBINOSE. Accord- 
ing to Effront (Compt rend. 1897, 125, 38), the 
seeds of Ceratoma foliqua, used as a cattle food 
m Portugal, contain a carbohydrate, iarouhin, 
which, when purified, forms a white spongy 
fnable mass, giving with water a thick syiup 
or jelly By hydrolysis, it yields Carotdmiose 
(CgHiaOa), which has about the same reducing 
power as dextrose Is probably identical with 
mannose (Van Ekenstem, Compt rend 125, 
197) {v Carbohydrates) 

CARPAINE C14H agOjN occurs in pajiaw 
leaves {Carica J^ipaya (Linn )) It foims 
glancing prisms, mp 121°, [a|j,4-2l° 55', and 
has a bitter taste (Greshoff, 1890, Med s’Lands 
Plantentum, Java, No. 7, 6 ; van Rijn, Arch 
Pharm. 1893, 231, 184 , 1897,235, 332). Accord, 
mg to Baiger (Chem. Soc. Trans 1910, 97, 466) 
it 18 a lactone of carpamic acid C14H27O2N, and 
may be written 

Mo 

/CH\ 

(TI2 ('H CO 

I I I 

CH2 CH CgHjo 

\ch^"\nh/ 

Me 

CARRAGEEN. Carageen, Carragheen y or 
Garragaheen (Fr Gaemen ) Irish or Pearl moss. 
An alga (Chondriis crispus) found on all the 
western coasts of Europe and on the east coast 
of North America In Ireland it is collected, 
dried, and bleached m the sun Found in com- 
merce as flat, dry, yellow-white pieces 2 to 3 
inches long, usually branching, of a very faint 
odour and mucilaginous taste, swelling m water 
like gelatine Almost completely soluble in boil- 
ing water ; the solution sets to a jolly on cooling 
Contains a high percentage of nitiogen, and is 
of value as a food in diseases of lungs and 
general weakness, usually taken dissolved in hot 
milk. It has also been applied as a size and 
for stiffcmng silk, also occasionally in making 
jellies. 

Sometimes found largely adulterated vith 
Oigarhna mamillosay which is less valuable and 
recognised by its stalked fruits and channelled 
stem (h. Alg.® and Irish Moss Ggm, Art Gums. 

CARRAWAY OIL v, Oj/.s, Essential. 


CARRIAGE VARNISH v. Varnish. 
CARROT, the tap root of DaucAis carol a 
(Lmn ). Several varieties exist, and the roots 
are employed as cattle food and as a table 
vegetable Kelhier gives as the average com- 
jiosition 

Sol carbo- 

Water Protein Fat hydrates Fibre Ash 
87 0 1*2 0 2 9 3 1 3 1 0 

According to Ameiican analyses, the- average 
composition of the edible portion, as a table 
vegetable, is 

Water Protein Fat Sol. carbohydrates Fibre Ash 

88 2 1 1 0 1 T2 M 

The Belgian wliite cairot is often used for 
the held ciop, whilst the led carrot is prcfeired 
for table purposes 'I’hc 1 eddish colouring 
matter of the canot, carotin, is sometimes 
used m colouring buttei and cheese It has 
the composition C4oH6fl» obtained 

by laspmg the roots, precipitating the juice 
with lead acetate, witii which the caiotm 
forms a lake This is diicd and exti acted with 
carbon disulphide The solution is e\aporaled 
to diyness and repeatedly (‘xti acted witli cold 
petroleum spirit in order to remove the phyto- 
sterols The lesidue is then dissolved in caibon 
disulphide, from whicli the carotin is piecipi- 
tated by the addition of alcohol It can then be 
recrystal lised from benzene in the foim of 
rhombic plates with a metallic lustre, blue by 
leflected, oiange-red by transmitted light Tho 
substance wdindi Husemann duscoveied in the 
carrot and called hydiocarotin is a mixture of 
sitosterol and stigmasterol, and consists of the 
same phytosterols as are found in other plants 
(Bcschke, Bci 1914, 47, 1853) (^^ Carotin) 

As a farm crop, cariots are paiticularly 
valued for horses and dairy stock They are 
best grown on light land, free from stones and 
weeds and well tilled. H I. 

CARROT GUM v Gums 
CARVACROL v Camphors, also Oils, Es 
sential 

CARVEOLz’ Camphors. 

CARVOL V Camphors , also Oils, Essential 
CARVONE r Ketones 
CASCARA SAGRADA, BP, U8.P. The 
diicd bark of the Phamnus Purshiana (I)(J ), a 
small species of thorn tree inhabiting the Pacific 
slopes of tho Rocky Mountains (For botanical 
chaiacters, see Hooker (Flora Bor Amer 43), 
Prescott (Amer J Pharm 1879, 165), Moller 
(Pharm J [3] 14, 467), Moss {ibid. [3] 649, 19).) 
(Jaseara sagrada had been long known as a 
cathartic to the Indians and trappers of Cali- 
fornia, when it was later introduced into 
American and European medicine Its physio- 
logical action IS similar to the other and 
better-known Rhamnus frangula (iann.), but the 
Piirshiam is the more esteemed {Of. Kennedy, 
Amer J Pharm 1885, 496 ) 

Cascara bark has been examined by Prescott 
{ibid 1879, 165) , Limousin (J Pharm. Chim. 
[5] 6, 80) ; Wenzell (Pharm Rundseh. 1886, 79) ; 
Meier and Webber (Pharm J. [3] 18, 804) , 
Schwabe (Arch Pharm. 226, 569) ; Zeig (Pharm. 
J. [3] 20, 173) ; Le Prince (Compt. rend. 115, 
286), Hohme and Engelhard! (Amer. Chem. J. 
20 , 534) ; but the statements made regarding it 
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are very conflicting, for a summary of which see 
Jowett (Rep. Amer. Pharm. Assoc. 1904, 1), who 
has also made an exhaustive exammation of 
the bark. He has confirmed the presence of 
emodtri together with a small proportion of an 
isomeiic substance which may be identical with 
the iso-ernodin obtained from Efuimniis frangula 
by Thorpe and Miller (Chem Soc. Trans. 61, 0) 
Glucose is also present, and a substance which, 
on treatment with acid, yields synngic acid. 
No evidence was obtained of the existence of 
chrysophanic acid or chrysarobin or of gluco- 
sidee yielding on hydrolysis emodm, chryso- 
phanic acid, or rhamnetm. The cascanne of 
Ivo Prince and the purshianin of Dohme and 
Engel hardt are probably impure products 
Emodm is not the active prmciple of the drug, 
and no clue could be obtained as to the nature 
of this principle (Compare Nouvoaux Rem^des, 

J 909, 47 1 , where the active principle is stated to | 
bo precipitated by lead acetate and ammonia, 
after treatment with lead acetate alone ) It is a 
light yellow powder of bitter taste, probably a 
glucoside Accordmg to Tschirch and Moni- 
kowski (Arch Pharm. 1912, 250, 92) the patent 
cascara-preparation ‘ penstaltin ’ consists of a 
mixture of glucosides, hydrolysed by steam to 
rhamnose, chrysophanic acid, emodm methyl- 
ether and cascarol C15H10O5, yellow needles, 
rn p 218®. Cascara bark contains about 2 p c 
of fat and a small proportion of a volatile oil 
The constituents of U, Californica appear to 
dilfer very little from those of R Rurshiana 
For methods for the estimation of the active 
constituents of (mascara sagrada, see Warm (J 
Pharm chim. [6] 22, 12), whoso colorimetric 
method IS approved by 'rschirch and Pool 
(Arch Pharm 1908, 246, .‘115) For differential 
tests of Cascara and Rfuimnus fmnguUiy see 
Kroeber (Schweiz. Woch Chem Pharm 1910, 
48, 377) ; Beal and Okey (J, Amor (jhem Soc. 
1917, 39, 716) For standards for the evaluation 
of liquid extracts of Casacara and Rh franguhty 
see Apot Zeit 1913, 39, 579). G. B 

CASCARILLA BARK, Casmnlla (BP) 
The bark of Croton Elutena (Bonn), or ‘ seaside 
balsam,’ a cuphorbiaceous tree growing in the 
West Indies 

Duval obtained from it a substance, ca^ca- 
rtlline C12H18G4, m p 205®, which Alessandri 
(Arch Pharm 220, (>90) also isolated by extract- 
ing the bark with oxalic acid and piecipitatmg 
the extract with ammonia This substance dis- 
solves m hydrochloric acid, producing a rose- 
coloured solution, which changes through jiur- 
plish-red, violet, and green to a sky-blue without 
the addition of water. The drug also contains 
be tame (Naylor, Pharm. J. 59, 279), and 1 5 p c. 
of an essential oil {q.t) ) G B 

CASCARILLA OIL v Oils, Essential. 

CASEIN. Casern occurs m the milk of 
mammals, and is the prmcipal protein of cow’s 
milk, which, up to the present, is its only 
commercial source Cow’s milk contains, on an 
average, about 3 p c of casern, which exists in a 
suspended or colloidal condition, probably as a 
lime compound in combmation with calcium 
phosphate, giving the milk its opaque appear- 
ance This can easily be proved by allowing 
the milk to pass through a filter of unglazed 
porcelain, when a white mass of casein and fat 
will be found on the surface of the filter, and the 
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filtrate will contain the lactose, soluble albumen, 
and soluble salts of milk. 

Preparation of pure casein. Separated milk 
is diluted to about five times its volume with 
water and sufficient acetic acid added to give 
0 1 p.c. of acid m the solution. The casein is 
precipitated, carrying down with it the fat. The 
curd 18 washed about ten times by decantation, 
collected on a cloth filter, washed, and pressed 
as dry as possible It is then dissolved in the 
least quantity of ammonia, and filtered. The 
filtrate is precipitated vith acetic acid, washed, 
and redissolved in ammonia This process is 
repeated three or four times. The curd is then 
rubbed up m a mortar several times with 80 jp c. 
alcohol, and finally with absolute alcohol. It is 
next similarly treated with ether, and extracted 
with ether in a Boxhlet apparatus, and the 
casein finally dried at 100°C. 

Property r<i — Thus prepared, casein is a white, 
amorphous body without taste or smell. It is 
very sparingly soluble in water, and quite in- 
soluble m alcohol and ether. Its most probable 
peicentage composition is : C, 53*13 ; H, 7 06 ; 
N. 15 78 , P, 0 80 , O, 22 40 ; S, 0 77. 

Casein is a phospho-protem. Its molecular 
weight is stated to be about 1135. It is a weak 
dibasic acid, forming acid and neutral salts with 
alkalis In dilute alkaline solutions, it has a 
laevo-rotatoiy action on polarised light At the 
ordinary temperature, 1 gram of casein com*- 
bines> with 9 c c. of N/IO hydrates or carbonates of 
alkalis, and with nearly 7 c c. decmormal solu- 
tions of common acids It is soluble m caustic 
alkalis, and m the carbonates, bicarbonates, 
phosphates, &c , of the alkali metals, and is 
precipitated unchanged by addition of sufficient 
acid to neutralise the alkali 

Casein is soluble in strong hydrochloric acid, 
giving a fine violet coloui, and is also soluble m 
dilute hydrochloric acid containing 0 2 p c of 
the fuming acid, but is insoluble m 2 or 3 p c. 
acid 

Preparation of industrial casein. There are 
many methods of preparing casein, but on the 
large scale these are generally limited to three : 

(1) Piecipitation by means of acid — usually 
sulphuric, though acetic, phosphoric, lactic, 
hydrochloric, &c., are also employed. 

(2) Curdling by means of rennet 

(3) Curdling by ‘ self -souring.’ 

A very interesting method of preparation is 
by means of electricity, but so far this does not 
seem to have progressed beyond the laboratory 
stage The method, however, will bo desenbed 
later Whichever method be employed, the 
first essential is a machine-separated milk, con- 
taining the smallest possible quantity of fat 
Milk taken from cows shortly after calving, and 
containing colostrum, is unsuited for casein 
manufacture It gives a soft curd which 
squeezes through the filter cloths, and holds a 
great deal of water It has sometimes been 
found necessary to throw away a whole batch 
as the curd has been quite unworkable 

Also, if the milk has been pasteurised at such 
a high temperature that some of the lact-albu- 
min becomes insoluble, the curd will give a great 
deal of trouble. 

The milk from the separators is run into a 
tank of suitable dimensions, and brought to the 
required temperature by means of steam. 
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Precipitation hy sulphuric acid . — The requi- j 
site quantity of sulphuric acid, previously 
diluted with water m a wooden or enamelled 
iron bucket, is then introduced, and the whole 
well agitated, when the milk will gradually lose 
its opaque appearance and become clear with 
separation of the curd As soon as the whey is 
yellow and transparent, the agitation is stopped, 
and the curd falls to the bottom of the tank 
The whey is run off, the curd allowed to drain 
and washed with cold water until all the whey 
has been separated. The bulk of the water is 
then removed by means of a suitable press or 
by a centrifugal machine. 

Curdling with rennet — The amount of rennet 
required depends upon the acidity of the milk 
and the temperature. The more acid the milk 
and the nearer the temperature approaches 
106°F., the less is the rennet required. At 
118 5‘^F. and at 80°F., the curdling power of 
rennet is only about 70 p c of that at 10b°F 

If the acidity of the milk be 15°, about 2% oz. 
rennet should curdle 100 gallons of milk in about 
\ hour.^ When the acidity reaches 30°, half this 
quantity will suffice The requisite quantity of 
rennet is diluted with water and thoroughly 
stirred into the milk at a temperature of about 
i06°F The milk is then allowed to rest until 
it has ‘ set ’ like a junket The mass is cut up 
into small cubes by special knives, and then 
agitated gently at first, and afterwards vigo- 
rously while being very slowly heated up to 
about 120°F by means of free steam or a steam- 
jacket The curd will then bo in hard grams or 
nodules at the bottom of the tank. The whey 
is rapidly run off, the cuid washed well with cold 
water, and piessed 

Curdling hy ‘ self-souring.' — When milk is 
exposed to the air, it becomes acid. This change 
is effected by the Bacillus aculi Inctici, which 
converts the lactose into lactic acid When 
sufficient acid has been formed, the curd sepa- 
rates from the whey On the large scale, the 
separated milk is run into a tank, the temperature 
brought to and maintained at about 98°F , at 
which point the growth of the bacilli is most 
rapid. After some hours, according to the 
freshness of the milk, a sour smell will be 
noticed and the milk will begin to curdle When 
the right point has been reached, steam is turned 
on and the mass agitated in order to make the 
curd firm, and in a suitable condition for washing 
and pressing The whey is then run off and the 
curd finished in the usual manner 

Dryiruj of the curd — When as much moisture 
as possible has been removed from the curd, it 
18 broken up and dried. This may bo effected 
either by spreading on trays in heated drying- 
rooms fitted with ventilating appliances to 
facilitate the removal of the moisture, or m a 
drymg cylinder heated from inside or outside or 
both, and rotated to keep the contents in 
constant motion. Another method of drying 
the curd is by means of a Passburg vacuum 
drier, consictmg of a cast or wrought-iron case, 
which can be hermetically closed by doors. A 
vacuum is produced by an air pump, and the 
moisture is vapourised at a low temperature so 
that drying is soon effected. 

1 The ‘ degree of acidity * of milk is the number of 
c c. of ^/lO-NaOH sol. required to neutralise the acid 
in 100 c.c. 


Whatever process bo adopted, the tempera- 
ture must be carefully watched, as a few degrees 
too much heat will ‘ burn ’ the casein to a rich 
brown colour, and if the temperature be too 
low the curd will take a long time to dry, and 
may become sour and mouldy. 

The dry casein is then ground to a fine 
powder, when it is ready for the market 

Curdling hy elcctririty, — Although this pio- 
cess IS so far not a commercial one, it is sufficiently 
interesting to warrant a shoit description The 
milk IS heated to 120°F , and a porous cell, 
containing dilute milk, is placed in the centre. 
A current of electiicity of sufficient tension is 
passed, and the soluble elements, the phos- 
phates in particular, are decomposed The 
anode is placed m the milk and the cathode in 
the porous cell Phosphoiie acid is then 
liberated in the milk, and causes the piecipita- 
tion of the casein, while the liquid in the porous 
cell becomes strongly alkaline. The chief 
difficulty lies in the choice of electrodes — the 
cathode in the porous cell can be carbon, but 
the anode must be of platinum, which makes the 
original cost very heavy Any of the common 
metals are attacked in a very short time, and 
carbon throws oft small particles which cause 
the precipitated cuid to become black. It is, 
of course, possible to have both dec ti odes of 
carbon in poious cells, but it is found that the 
curd soon fills up the pores and the action 
becomes very slow 

Properties. — Industrial casein, piepared with 
sulphuric acid, will dissolve in the following 
quantities of alkalis oi alkaline salts, though 
larger quantifies are always used m the various 
industries — 

Per cent. 

8odium bicarbonate . . 3J 

Sodium caibonate . 2| 

Sodium hydroxide . 1| 

Sodium sihcate 14()°Tw. 10 

Sodium arsenate . 20 

Sodium sulphite . 9 

Stiontium hydrate 20 

Trisodium phosphate . 8 

Ammonia, *880 ... 24 

Sodium tungstate . « 124 

Borax . . .94 

Solutions of the hydroxides of potassium, 
sodium, hthium, and ammonium of equal con- 
centration, dissolve casein at approximately the 
same rate Solutions of the hydroxides of the 
alkaline earths dissolve casein much more 
slowly , strontium hydi oxide dissolves it most 
rapidly, calcium hydroxide more slowly, and 
barium hydroxide more slowly still. 

Rennet casein is insoluble in carbonate and 
bicarbonate of soda, partly soluble in borax and 
ammonia, and soluble m trisodium phosphate 
and lime 

Its solution in alkalis does not coagulate on 
heating, but is precipitated by acids and many 
metalho salts When acted on by formaldehyde 
and certam other bodies, casern is rendered 
insoluble. Advantage is taken of this fact m 
various mdustnes to give a waterproof coating 
of casern 

Pure casern contams only a very small 
amount of ash, but mdus trial casern may con- 
tain up to about 7 p.c. or 8 p.c. — rennet-prepared 
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casein containing the most, and ‘ self- soured ’ 
casein the least. 

For the analysis of commercial casein v. 
Hopfner and Burmeister, Chom. Zeit. 1912, 
30, 1053; Analyst, 1912, 493. 

Uses of casein. Casern is employed in a 
large number of mdustncs, and its use is m- 
creasmg every year, m fact, there aie but few 
industries in which casein, in some shape or 
form, IS not or cannot be employed with 
advantage 

The greater quantity of imported casein 
comes from the Argentine Large quantities 
also aio received from Fiance and Geimany, and 
smaller quantities from Holland, Belgium, and 
tne United States 

Casein is used m paste and dry distempers , 
in cardboard manufacture, paper glazing, 
leather dressing, soap manufacture, cotton 
sizing, diessmg for textiles, hnishmg, water- 
pioofmg, calico printing, cask glazing ; imitation 
bone, ivory, tortoiseshell, amber, ebony, &c , 
picture mouldings, sealing for bottles, cabinet 
and pianotoite making, emulsions, fining wines, 
boot polishes, waterproot cements, polishes, 
films, diabetic and protein foods 

Alimentary casein. Some of tlie best- 
known food preparations of casein aie 

Plasmon — This is a cream-coloiiied powder, 
somewhat coarse in texture Xt is a soda com- 
pound of casein, and is partially soluble in water. 
Tt contains nearly 2 p c of lactose (milk-sugar) 
and about 70 p c of proteins 

SaiuKjen — A fine white powder, completely 
soluble in water. It is a compound of casern 
with about 5 p c of sodium glycerophosphate 
made by a siJccial juocess It contains about 
76-78 p c. proteins, and is practically free from 
lactose, and so is specially recommended for 
diabetic patients. 

iSanalogcn — A white powdei soluble in 
water It consists of casein with about 5 p c. 
of sodium glycerophosphate, and is free from 
fat and lactose 

Dr. UeiqeVf^ milk protein — A soda compound 
of casein, soluble m water. According to the 
patent speeihcation, the curd is precipitated 
from the milk by means of ethyl-sulphuric acid 

Eucasein — A casein-ammonia compound, 
soluble in water 

Nutrose . — A soda compound of casein. 

Casein solids. Galahth — Insoluble casein, 
treated with foimaldchyde and subjected to 
heavy piessure, gives plates of great hardness, 
and by blendmg pigments with the casein, 
imitations of bone, ivory, ebonite, &c., are 
obtained. The products arc known as Galahth 
(from the (ireek galOf milk, and lithos, stone) 
It IS prepared from a specially pure casein, 
precipitated by rennet, fiom sweet milk freed 
from fat by centrifuging The curd is drained 
and dried, formmg lumps 8-12 mm. thick 
These are ground to a gritty meal, which is 
moistened with water, coloured as required, 
worked up by steel helices to a plastic mass, 
which 18 then hot-pressed m hydraulic presses. 
The pressed cake is hardened in a solution of 
formaldehyde, the length of treatment varying 
from 2 to 30 weeks, accordmg to the thiclmess 
of the articles, whereby the casein acquires the 
quahties of horn (Bonwitt, Zeitsch. angew. 
Cl;‘cm. 1914, 27, 2). The following articles are 


made from galahth brush-backs, combs, cigar 
and cigarette holdeis, penholders, electrical 
fittmgs, umbrella and stick handles, buttons, 
dominoes, &c Bemg uninflammable, casein 
possesses great advantages over celluloid. It is 
a bail conductor of electricity, and is therefore 
suitable for electrical fittings A plate of 
galahth ^ inch thick, is impervious to a current 
of 16,000 volts The sj) gr. is 1317-1*35 
(celluloid 1 34-1 40) The hardness is 2 5 
(celluloid 2). It resists oily liquids and acids, but 
IS swelled by alkaline liquids Its chief drawback 
IS its hygioscopic nature , it absorbs 30 p c of 
its weight in 12 days. It is not elastic like 
celluloid, and breaks when slightly bent On 
account of its tendency to flake it cannot be 
worked so well as celluloid, and sheets cannot 
be prepaicd less than 2 mm. in thickness 
(Bonwitt, I c ). 

Lartoform — This is a patented preparation 
of casein resembling horn, giving, according to 
the specification, a hard and tough article which 
does not swell or mateiially soften vhen im- 
mersed m xvatei It is prepared by adding 
various salts to solutions of casein , thus, by 
adding a solution of lead acetate to a solution of 
casein, a coagiiliim is produced from which 
lactoform, resembling horn, may be obtained, 
while to manufacture a substitute for ivoiy, 
carbonate of soda is added to the casein solution 
and piecipitated by sugai of lead, thus forming 
carbonate of lead in the mass obtained By the 
UvSe of chromium eomjiounds, bluish-green, also 
yellow and oiangc lactofoim, is obtainable ; by 
the action of iron, lust-coloured, and m com- 
bination with tannic and, slate and black- 
colouied, lactofoim may be produced. These 
are merely mterrnediate pioducts, and aie not 
claimed as a new invention, but are converted 
into lactoform by treatment with foimaldehydo 

For gl}i(\s and sr.es, casein is dissolved m 
borax, soda, or ammonia, and the resulting 
coating may afterwaids bo rendered insoluble 
by formaldehyde, or the casein may be dis- 
solved m lime, which will give a wateiproof 
coating when dry. 

Films . — Schmidt has patented a process for 
making casein films as follows : 100 grams cf 
(Msem are dissolved by heating in 1 litre of water 
containing 8 grams of 25 p c. hydrochloric acid ; 
10 grams of 40 p c. formaldehyde and a small 
quantity of glycerol are added, and the solu- 
tion poured on glass x^lates to dry. He states 
that films made from alkaline solutions of 
casein arc not imjiermeable to moisture. 

Schmidt patents the following process : 
100 grams of casein and 1*5 grams caustic soda 
are dissolved in 1 litre of water, to which are 
added about 15 grams of a 40 p c. solution of 
formaldehyde , or 100 grams of casein and 10 c c. 
of a 10 p c solution of ammonia are dissolved in 
2 litres of water, to which are added about 
30 grams of a 40 p.c solution of formaldehyde. 
Either of these he states, gives insoluble films 
on drying, which may be used for jihotography, 
surgical bandages, paper-coating, &c. 

Buss, in his patent for photographic films, 
proceeds as follows 500 to 700 grams dry 
casein are heated with 9 litres of water to 35° 
or 50°, mixed with 250 grams of citric acid dis- 
solved in 1 litre of water, and the heating con 
tinued until the vhole has dissolved. Then 100 
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or 200 grams of glycerol are added, and the 
bquid hltored It is applied by machine to 
plain or baryta paper, and allowed to dry. It is 
next rendered insoluble by being drawn through 
a 5 or 7 p.c. solution of ammonimn or sodium 
chloride, and finally sensitised in a silver nitrate 
bath, ranging between 4 and 12 p c. m strength 

iSeahn/f for bottles . — For this puriioso, Joirgnot 
has patented the following jireparation : Casein 
18 treated with a hot aqueous solution of sodium 
phosphate, ammonium fluoride and glyoeiol, 
the whole being then heated in the water bath 
until it IS homogeneous and \iscous This 
product IS craploj'^cd for sealing bottles of metal, 
glass, jjoreelam, &c , by applying it in a warm 
state to the edge of the vessel or cover, and then 
treating it with formaldehyde 

Fining of wines . — For this puiposc, a readily 
soluble sodium compound of casein is used It 
IB dissolved in 10 or 20 parts of water, the 5 p c. 
solution effecting a somewhat slower though 
more complete clarification. The casein com- 
pound has the advantage that it is veiy much 
cheaper than albumen, and is free from all 
flavour such as is found in even the purest 
gelatin. Moieover, if in lining wines with white 
of egg, albumin or gelatin, too laige an excess m 
piopoition to the tannin be used, this excess 
remains in solution, and may lead to turbidity 
and alteration in the wine ; whereas the caSem, 
even when addetl m considerable excess, is com- 
pletely eliminated, being coagulated by the ai id 
111 the wine 

Casein irater-points — (Casein m fine powder 
IS intimately mixed with sifted slaked lime and 
incorporated with the pigments The propor- 
tion of lime to casein is veiy important if too 
little lime be used, the mixture will, after a short 
time, especially if exposed to air, become in- 
soluble in water , anrl if too much lime be used, 
adverse re«ults will follow d4ie brushes will bo 
rotted and the paint will bo hable to Hake off 
The next matter of importance is the ])ropoition 
of lime and casein to be incorporated with the 
jiigment. If too little be used, the paint will 
dust off and will not stand washing , and if too 
much bo used, the coating will be brittle and 
flake off 

In scli'cting the jngnients, it is necessary to 
employ only those which aic unaffected by lime 
The most suitable are 


For White. 
„ Yellow. 

„ Brown. 
,, Black. 
,, Red. 

„ Blue. 

,, Green. 


Whiting, China cla 3 % zme oxide. 
Ochre, Hansa yellow, iiaphthol 
yellow, chiome yellow. 
Umber, sienna 
Carbon blacks. 

Oxides, hthol red. 

Ultramarine. 

Green earth, ultramarine green, 
lime green. 


The ingredients must be thoroughly in- 
corporated and kept in air-tight packages. The 
paint IS prepared by mixing the powder with 
cold water, and is ready for use in a few minutes. 
When thoroughly dry, the surface is washable. 

L. M. N. 

CASHEW GUM i Gums. 

CASIMIROINE C 2 aHi 40 eN 8 ( 0 Me) 2 , m.p. 
196°-] 97°, and casimiroedine C17H24O5N2, m.p 
222°-223°, occur in minute amount in the seeds of 
vasimiroafedults (La Llave et Lejarza) a reputed 


Mexican diug. The alkaloids are physiologically 
inert (PoMer and Callan, Chem Soc. TTans. 1911, 
99, 1993, who give other references) 

CASSAVA. The root of Manihot palmaia 
(Muell ), ‘ sweet cassava ; ’ or of Manihot utilis- 
sima (Pohl), ‘ bittci cassava ’ TJicso plants are 
widely cultivated in the tropics for the sake of 
then staichy edible roots. From them the 
substance tapioca is iirepared. The starch is 
also known as mandioc staicli, Brazilian, 
Bahia, Kio 01 Para airowroot, and by other 
names 

The giains of starch arc grouped in twos, 
threes, 01 fours , the seqiarate grams have usually 
one or two flat sui faces, but, on the whole, arc 
rounded and show delicate concentric stiiations 
and a distinct hilum 

Cassava root contains a volatile poisonous 
substance (Fermm, I7b4), which proved to be 
hydrocyanic acid {15outron-Chailaid, 1830, and 
Fiancis, Analyst, 1878, 2, 4). The lattei 
observci found 0 01()8 pc. of prussic acid m 
swc'ct cassava loot and 0 0275 p e in the bitter 
root lie found 59 4 pc and bi 4 p e water 
111 the roots, and about 30 p e. of stari-h 

ColleiiB (Bull. Dept, of Agnc. Trinidad and 
Tobago, 1915, 14, 54) found that the freshly-dug 
roots of the sweet and bitti'r varieties contain 
0 0048 p c and 0 053 ]) c of bydroeyanio acid 
respeetivoly , the leaves 0 01 02 pc and 
0 041 p e , and the peelings of the stems 0 043 p c 
and 0 113 j) (‘ icspectively 

Lenscher (Zeitseh offentl (4iem 1902, 8, 
10), as tlie mean of six analyses of the ficsh root, 
found ♦ 

Water Protein Fat Starch Sugar Crude fibre Ash 
70 25 1 12 0 11 21 44 5 13 i 11 0 54 

He stales that the yield, on well-irrigated land, 
may amount to 15 or 16 tons per acre 

Tapioca is made fiom the starch of cassava 
by stilling the damp pioduct on a hot iron plate 
until it agglomeiates into tlu' irregular, spherical 
masses familiar as tapioca Jly this ticatmeiit, 
many of the starch giams become changed, 
being converted into shapeless, translucent 
masses 

Aeeoidmg to Amciican analyses (Wiley, Bull 
13, U 8 Dept of Agnc. I)iv of Chem 1898), 
tapioca contains — 

Water Protein Fat Carbohydrates Fibre Ash 
11 23 0 37 0 03 88-16 0 12 0 09 

Owing to the exceptionally low demands of 
cassava for mineial matter, it has been recom- 
mended as a cio^) jiaitieulaily well adapted for 
cultivation on poor sandy soils, as it feeds very 
largely upon air and water (Ewell and Wiley, 
Amer Chem J 1893, 15, 285) H. 1. 

CASSEL EARTH or VANDYKE BROWN v. 

PlUMENTS. 

CASSEL YELLOW, Lead oxychloride. A 
pigment also known as Turners Yellow, Mont- 
pelier Ydloiv, Mineral Yellow, and Patent Yellow. 

CASSELMAN’S GREEN. A pigment made 
by mixing boihng solutions of copper sulphate 
and an alkalme acetate ? 

CASSIA. The bark of Cinnamomum cassia 
(Blume), a tree belonging to the order Lauracece 
or true laurels. It is grown m Chma, Java, &c. 
C. cassia furnishes a bark which is much like 
cinnamon [C. zeylanicnm (Nees)], but thicker, 
coarser, stronger, less delicate in flavour, and 
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cheaper ; hence it is frequently used to adul- 
terate cinnamon. The bark is stripped off the 
branches, when it rolls up in the form of quills 
It IS said to be preferred to cinnamon itself by 
some chocolate makers on account of its stronger 
flavour. The unopened flower- buds are also sold 
under the name of ‘ cassia-buds,’ and possess 
similar properties to the bark. Other species of 
the genus afford aromatic barks, e q C cult- 
lawan ( Bliime), native of Malaya and Chma, the 
bark of which lias a flavour of cloves , C. 
tarnala (Nees), which occurs in sub-Himalayan 
India as far as Burma, and provides a bark that 
IS used as a substitute for oi adulterant of true 
cinnamon ; C Burmanni (Blume) is the source 
of the bark exported from Sumatra The bark 
known as clove-cassia is obtained from Dicy~ 
pellium caryophyllatum (Nees), which is also a 
tree of the laurel family growing m Bi azil 

The employment of cassia as a sophisticant 
of the more esteemed and more costly bark of 
cmnamon when m the ground state may usually 
be detected by adding tinctuie of iodine to a 
decoction of the pow der ; when, since cassia 
contains more staich than cmnamon, the 
substance will turn blue , but, where inferior 
quahties of the true cinnamon have been 
examined, their constitution has approached 
that of the coarser bark of cassia, and this test 
has proved uncertain {cf O. Hehner, Analyst, 
1879, 225-228) 

Cassia bark is thicker, redder, stronger to the 
taste than cinnamon. The powder under the 
microscope exhibits a general resemblance to 
cinnamon, but it will be seen that cassia differs 
from cinnamon in its coarser structure, and 
especially in the greater size and number of its 
starch corpuscles 

Cassia yields by distillation an essential oil 
largely used in peifumcry, especially for produc- 
ing the scent m brown Windsor soap (r Oils, 
Essential) 

CASSIA OIL V Oils, Essential 
CASSIA TORA (Linn ) or TAGEREY VEREY. 
This plant produces grams known m the East 
Indies, Arabia, and Japan as Tora, but which 
are known in Pondicherry and other parts of 
Hmdostan as Tagerey-verey It is regulaily used 
as a component of the indigo vat m dyeing, 
apparently serving the same purpose as the 
bran -madder or molasses used m Europe 

The native dyers use the Taqerey-verey in the 
following manner. To dye about 200 yards of 
cloth, 11 J lbs of the gram are steeped m from 
5 to 6 gallons of cold water, and then boiled 
for four hours The grams are swollen and 
softened by this treatment, and the water 
becomes thick and gummy The whole of this 
IS added to the indigo vat, and after standing 
for fifteen hours, the vat is ready to dye. 

CASSITERITE or TIN STONE. Native tin 
oxide, Sn 02 , contammg 78*6 pc. of tin, and 
practically the only ore of the metal It vanes 
much m appearance — the colour ranges from 
white to black, bemg usually dark brown — ^and 
its most characteristic feature is its high sp.gr. 
of 6 *8-7*1 ; hardness, 6-7, easily scratching 
glass. Crystals are tetragonal, with very cha- 
ractenstic knee-shaped twms ; their faces are 
often very bnlliant with an adamantme lustre 
There is an absence of cleavage ; and this readily 
helps to distmguish the mmeral from blende. 


Crystals are, however, not very common, the 
mmeral bemg more frequently found as dis- 
semmated grams and water-worn pebbles. 
Grams of cassiteritc m a concentrate panned 
from a river sand may be readily detected by a 
very simple characteristic tost. When placed 
on a zinc plate, or m a basm with fragments of 
zinc, and dilute hydrochloric acid poured over, 
any grams of tm-stone soon show a shmmg white 
coatmg of metallic tm. Vems of tm ore usually 
occur at the junction of granitic masses and 
slates, and the ore also impregnates the rocks 
bordormg the vems. Such ores are known as 
vem-tin, to distmguish them from the atrecmi-tin 
of alluvial deposits. A compact vaiiety with a 
radially hbious and concentric structure and 
sometimes a botryoidal surface is known as 
wood-ti7i. The oie as prepared for market is 
known as hlack-tin, and m South Ameiica as 
barilla. The principal tm-produemg countiies 
are the Federated Malay States, the islands of 
Banka and Bilhton m the Dutch East Indies, 
Siam, Chma, Australia (Queensland, New South 
Wales, Western Australia), Tasmania, Bohvia, 
Cornwall, and more recently South Africa 
(Tiansvaal and Swaziland), and Noithern 
Nigeria. The production of tm ore amounts to 
about 100,000 tons per annum J. L. S. 

CASSIUS, PURPLE OF, i;. Gold 

CASTILE SOAP Soap. 

CASTOR or CASTOREUM. ( BibergciU Ger ) 
A name given to a secretion of the beavei {Cubtor 
fiber)f contained m pear-shaped cellular sacs 
(found ncai the genital oigans of the male and 
female animal), which aie cut off and diied, to 
prevent the skm bemg affected by water It is 
a substance analogous to civet and musk, and is 
of the consistency of thick honey and unctuous 
to the touch. The interior substance is solid, of 
a daik- brown or black colour. It has a famt 
smell, softens when heated, but becomes brittle 
when cold When chewed, it sticks to the teeth 
like wax it has a bitter acrid taste, and a 
foetid, penetrating smell. Its fracture is shm- 
mg, and when the substance is genumc it shows 
fragments of membrane mdicatmg organic 
structure 

Three varieties are said to exist, the Russian, 
Bavarian, and American or Canadian, the first- 
named variety contammg about 2 p c of the 
volatile oil, while the last contains only 1 p.c. 

Wohlei obtained phenic and benzoic acids 
and salicme from it Lehmann found bile in a 
fresh sample together with afkahne urates, 
sebates, and an albuminoid substance. Laugier, 
Brandos, Batka, Bouillon Lagrange, and Hilde- 
biant have also exammed it By extractmg it 
with SIX times its weight of alcohol a colourless 
substance, castonn, has been isolated Used in 
mcdicme and perfumery. 

CASTOR OIL IS obtained from the seeds of 
Ricinua communis (Linn ) and li. sanguineus 

The former plant appears to bo indigenous to 
Africa (Egypt), but has been transplanted to 
India at a very early stage of history, so that 
some writers consider the plant mdigenous to 
India itself The plant grows m enormous 
quantities m all tropical and sub-tropical 
countries, and is even found wild to day in 
South America, notably in Paraguay and the 
Argentme. 

The most 'mportant sources of castor seeu 
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are East India, Java, the Mediterranean coun- 
tiies, Mexico, and the United States ot America, 
whilst the cultivation of the plant has of recent 
years been developed m the Egyptian Sudan, 
Fiji, and the East African Protectorate 

In 1913 the imports of castor seeds into 
Marseilles amounted to 25,157 tons, as compared 
with 10,588 tons m 1912, and 11,509 tons in 
1911 (Diplom and Consular Repoits, hJo. 5377 
of 1914) By lar the largest pioducer is East 
India 

The total imports of castor oil into this 
countiy in 1910 we^o 1,322,000 gallons, in 
1917 they were about 2,000,000 gallons. The 
imports of castor seed in 1917 weie 45,000 tons, 
the bulk of which went to Hull, and yielded 
4,170,000 gallons of oil, the greater part of which 
was used lor aircraft engine lubrication (J Soc 
Chem Ind 1919, 20 R ) 

The seeds consist of 20 p e of husks, which 
aie rich in mineral matter, but contain no oil, 
and 80 p c of keinela, terming a white, softish 
mass The whole seeds contain a toxic pnnciple 
— ‘ ricine ’ or iicmine The kernels eontam a 
poweiful fat-hydiolysing enzyme, which can be 
made use of on a manufacturing scale for 
hydiolysing oils and fats for soa[)-making pur- 
poses 

The enzymes lip<isc and csteiase can be ex- 
tracted from castor beans by means of eihei 
(Falk and Suguiia, J Amor. Chem. Soc. 1915, 
37, 217) The lipase is capable of hydiolysing 
oils at temperatuies as low as —5°, a fact which 
has an important bearing on the question of 
the enzymic hydiolysis of fats m food jneserved 
in cold storage (lllanchet, Compt rend. 1914, 
158, 895) It IS rovt'rsiblo m its action, and is 
capable of forming mono- di- and tiiolcin from 
an emulsion of oleic acid and glycerol (Krausz, 
Zeitsch angew. Cliem 1911,24,829) 

‘ The seeds contain 40 to 53 p c of oil The 
oil IS pioduced on a laigo scale either by expies- 
sion or extraction For the pioduction of best 
quality oil —for medicinal purposes — the seeds 
are decorticated before being expressed The 
press-cake is subjected to a second and thud 
expression, but the oils so obtained are unlit for 
medicinal use, and aie employed foi technical 
purposes (soap -making, Turkey-red oil, and 
lubncatmg oils). The cakes letam the poisonous 
alkaloid, and are therefore unlit lor feeding 
purjioscs Although it is stated that by washing 
the cakes with 0 or 7 times their amount of a 
10 p c sodium chloiido solution, they can be 
freed from the alkaloid, no castor cake is actually 
used for feeding cattle, but applied exclusively 
to manuring the land The extracted oil is only 
used for technical purposes. 

Another method of removing the toxic 
principle is to grind the seeds with water into a 
tlun paste, which is then poured into boiling 
water. This coagulates the proteins, and the 
solid matter when stramed off and expressed 
loaves a meal with the following composition 
Water, 9*2 ; asn, 7 3 , oil, 2 6 ; proteins, 7U7 , 
crude fibre, 5’0 ; and carbohydrates, 4 2 p.c 
(Indian Trade J. 1908, 9» 309 ; 1909, 11, 273) 

A simple physiological method of detecting 
castor seed m other seeds is described by Lander 
and Gleake (Analyst, 1914, 39, 292) 

Crude castor oil is refined by steaming the 
oil, whereby the albuminous suostances are 
VoL. II.— T. 
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coagulated, so that they can be removed by 
filtering. 

Castor oil is a colourless or pale-greenish oil, 
having a taste at fiist mild, then harsh , this 
harsh taste is moie pronounced in American 
than m Italian or French oils The oil differs 
from all other fatly oils by its high specilic 
giavity, VIZ up to 0*91)8. Contrary to older 
statements, the oil does not diy, even when 
exposed to the atmosphere m thin layers It 
has the following analytical characteis . Sp gr. 
0 959 0 91)8 , sohdihcation pomt, —17° to — IS® ; 
lodmo value, 84-80, Reicheit-Meissl value, 
2-2 5 , sapomhcation value, 175-183 , acetyl 
value, 150 , and m p of fatty acids, 13°. 

Castoi oil is strongly dextro-rotatory ; the 
optical activity is duo to the presence of iicin- 
oleic acid 

The chief constituent of castor oil is the 
tiiglyeeride of ru moleic acid, both isomeiides 
riciiioleic and i6oricmoleic acid being comprised 
imdci this term , m addition thereto, castor oil 
contains a small proportion of glyceiidcs of a 
natural dihydioxystearic and and of stearic 
acid Palmitm and olem are absent 

Owing to the presence of triricinolein, castor 
oil IS distinguished from all other fatty oils by 
I its high ‘acetyl value ’ (.scr above and Oils and 
Fats) Castor oil further dilTeis from all other 
fatty oils by its leady miscibility with absolute 
alcohol and glacial acetic acid, as also by its 
insolubility in large quantities of light petroleum, 
kerosene, and high -boiling jiaraffm oils. The 
oil gives a homogeneous solution with an equal 
measuie of light pc ti oleum, or one volume and 
a half of kerosene or paralhii oil ; if more of the 
solvents is used, the excess will float on the top 
of tJie mixtuie If tastor oil be mixed with a 
small quantity of another fatty oil, this cha- 
lacteristic insolubility in peti oleum distillates is 
lost 

On subjecting castor oil to destructive dis- 
tillation (as m the preparation of ‘ cognac oil ’), 
undecyleiuc acid and oenanthaldehyde distil 
over, whilst the residue solidifies to a very 
bulky, spongy, mdiaiubbei-hke mass, for which 
a solvent has not yet been found This icsiduo 
appeals to consist of the anhydride of tiiun- 
decenoic acid. By heating castor oil for 10 
hours at a temperature of 260°-300° under a 
jnessure of 4-b atmospheres, the oil becomes 
miscible with mineral oils 

When heated at 1 50°-250°, and then 
neutralised with alkah, castor oil yields soaps 
which aie soluble m hydrocarbons, &e If, after 
heatmg,^thc^oil is sulphonated before neutralisa- 
tion, a substitute for Turkey-red oil is obtamed, 
whilst Je vapor ation of the"pioduct]]^leaves a soap 
which*does not readily foim insoluble soaps with 
calcium and magnesium salts (Blumer, 1). R. P. 
227993, 1907 , also Eng Pat 24868, 1897). 

Owing to its viscous character castor oil is 
particularly smtablo for lubncatmg internal 
combustion engmes, and is now largely used for 
aviation motors. ()il for this purpose should be 
colourless, have sp.gr. of 0 964-0 968, and an 
acid value of less than 0*3, and when heated m a 
flat dish for an hour at 215° should not darken to 
any material extent. The chief adulterants of 
oil supplied for lubrication are sugar and 
arachis oil (g.v.). 

Castor oil is a good solvent for resins in 

H 
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rubber, and may bo used m the purification of 
raw rubber The solution of extracted resins 
may be made into soap (Schopper, Gum. Zeit. 

30. 601). 

A process of preparing acidyl derivatives of 
castor oil, which are free from the objectionable 
odour and taste of the oil, has boon patented 
(D R P 226111, 1908) J L 

CASTOR OIL SEEDS or CASTOR BEANS. 
The seed of Ricinus community a plant which 
grows as a tree in warm countries, attaining a 
height of 30 or 40 feet, but which m cooler 
chmates is only an annual shrub 

The following is an analysis of Indian seeds 
(Halenke and Kling, Landw. Versuch St 1906, 
64, 51) •— 

Sol carbo- 

Water Protein Oil hydrates Fibre Ash 
Kernels, 70 p c 3 60 23 43 66-02 4-01 0 70 2-21 
Husk, ,30 p c. . 8 76 4 76 0 98 32 92 48 69 3 89 
Whole seed . 5-14 17 88 46-65 12 61 14-99 2 73 


In many varieties the proportion of husk is 
much lower, sometimes down to 20 p c 

Of the total ‘ protein,’ 22 62 pc, 418 pc., 
and 17*13 p.e respectively, are true albumi- 
noids, whilst of the carbohydrates, 0 89 j) c , 
15-63 p.c , and 5-29 pc respectively, are 
pentosans 

The ash of castor seeds was analysed by 
Thoms (1890) — 

Sand, 

Water etc FegO^ OaO MgO KgO NaaO SOg 01 
0 30 19 59 5 05 17 08 10 53 14 30 1 88 23 67 6 01 0 29 


Castor seeds are very poisonous Corneviii 
found the following were the toxic do.ses in 
grammes per kilogram of body-weight Horses, 
oxen, sheep and dogs, 3 , pigs about 5- 6 , hens 
about 40. 

The poisonous constituent was believed to 
be ncimnc by Soane (Chom Zentr. 1895, i 853), 
but IS now known to be nri?i, an albumin, 
which, with two non-toxic substances — a 
proteose and a globulin — constitute the proteids 
of the seeds (Osborne and Mendel, Proc Amcr 
Physiol Soc. 1903, 36). 

llicininp^ according to Macquenne and 
Philippe (Compt rend 1904, 138, 506 and 139, 
840), has the composition CgH^O^Ng ; it melts 
at 201-5° and yields ricmic acid C 7 H 6 ^ 2^2 
saponification. They represent its constitution as 
/C(C00CH3) : 

N(CH)3/ |\n 

^CH = CH • 


Klein, the poisonous principle, has been 
examined by Stillmark (Chem. Soc Abstr 1890, 
535), Osborne, and others {I c. and Amer Jour 
Physiol. 1905, 14, 269), and Brieger (Chem. Zentr. 
1904, 1 . 1286) It can be extracted from the 
pressed seeds by a 10 p c. solution of common 
salt, from which it is precipitated by magnesium 
and sodium sulphates. 

Ricin agglutmatos the red corpuscles of the 
blood. Osborne found 0-002 milligram per kilo- 
gram of body weight sufficient to kill a rabbit 
when subcutaneously injected. It can be kept 
for months without deterioration, but loses its 
poisonous qualities when coagulati-d by heat 
Toxic symptoms do not appear until after a 
latent period, ol about 15 hours Castor seeds 
also contain an enzyme capable of decomposmg 
fats mto glycerol and fatty acids, or, according 


to Falk and Sugiura (J. Amor Chem. Soc 1915, 
37, 217), two enzymes — estercLse and Uprise, the 
former active towards ethyl butyrate, the latter 
towards tnacetm. They also contain an enzyme 
urease, capable of hydrolysing urea (Falk, 
J. Amer Chem. Soc. 1913, 1914, 36, 2166), 
similar to, but weaker than, the urease of soja 
beans 

(Ustor scerls are largely used as source of 
castor oil (r/ v ) 9’he cake left is rich m protein, 
an<l jf it were not poisonous, would prove of 
value as a cattle food It contains— 

Soluble 

Protein Oil carbohydrates Fibre Ash 

29- 34 pc 1 -4 p c 1 2 -18 p.c 30-40 p c. 6-9 p.c. 

By subjecting the cake to high-pressuie steam, 
the ])oisonous qualities are said to be destroyed, 
and cake so prexiared may safely be used as a part 
of the ration of fattening animals According to 
Ehrlich, animals may be immunised against the 
poison by feeding them with very small quan- 
tities of the crude cake until they become 
accustomed to it The serum from such animals 
may then be used to immunise others 

Neither of these methods of utilising castor 
cake appears to have been successful, and, iii 
England at least, it is larely or never used foi 
feeding pui poses. 

The leaves of the lastor plant are rich m 
lime and potash an analysis by Wayne (Pharm. 
J Trans 1874, 3, 749) gave as the composition 
of the ash of the leaves — 

CaO MgO KgO NajjO FogOg 8O3 Cl CO* SiOg 
33 4 62 27 3 2 1 0 7 6 7 2 9 1 6 16 2 2 4 

H 1 

CASUMEN. 3’rade name for a soluble form 
of casein 

CATALASE v, Knz?jme.s, ait Fbembntation. 

CATALYSIS V Chbmioal Affinity. 

CATAPLEIITE. Hydrated sihcate and zircon- 
ato of sodium and calcium, contaming Zi 02 

30- 40 p c The crystals are yellow and have the 

foim of thin hexagonal plates , spgr. 2 8, H. 6. 
It occurs with other rare minerals m ncpholme- 
sycnitc on the islands in the Langesund-fjord 
in south Norway, and at Naisarsuk m Gicen- 
land L. J S. 

CATECHIN V . Catbohu. 

CATECHOL {Pyrouilechol or Pyrocateohin, 
o-Dihydroxyhenzem, 1 . 2-Phendiol CgH 4 (OH)g), 
occurs m the leaves of the Virginia creeper 
{Ampelopsis hederacea) (Gorup Besanez, Ber 

1871, 4, 905) , m the sap of various kinds of the 
kino plants (Eisfeldt, ibid. 906 ; Fluckiger, Ber 

1872, 5, 1, 47) , in crude beet sugar (Lippmann, 
Ber. 20, 3298 ; 1893, 26, 3061 ; J. Soc. Chem. 
Ind. 1893, 635) ; in the dry external scales of the 
onion ; m Paglia olive oil (Canzoneri, Gazz. chim. 
ital 27, 3) ; m the colourmg matter of red grapes 
(Sostegni, Gazz. chim. ital. 32, 17) ; m Silesian 
and Westphahan coal (Bomstem, Ber. 1902, 36, 
4324) ; and m the tar water of bitummous shale 
(D. R. P. 68944, 1892 ; Ber. 1902, 35, 4325). The 
catechol complex also exists in dbrtam gluoosides 
(Nedra, J Soc. Chem. Ind. 1900, 686 ; Schmidt 
and Waljaschko, Chem. Zentr. 1901, 11 . 121), 
m a large number of products of vegetable 
origin , as the sulphate, catechol occurs m the 
urine of man and herbivorous ammals (Muller, 
Ber. 1874, 7, 1526; Schmiedeberg, Zeit^ch. 
physiol. Chem. 6, 189) ; it is probably also 
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contained m the cerebro-spmal fluid (Halli- 
burton, J Phys Chem. 10, 2-t7) 

It IS formed m the dry distillation of mori- 
tannic acid (Wanner, Annalen, 1850, 75, 361, 
80, 316) ; of catechm (Zwenger, Annalen, 1841, 
37, 327) ; of jirotocatcchuic acid (Streckcr, 
Annalen, 1860, 118, 285), and of all tanmns which 
give a green colouration with iron chioride 
(Ulotli, Annalen, 1859, 111, 215). It is also 
formed when filter paper is heated to 200° or 
when starch or sugar is heated to 280° with 
water (Hoppe Seyler, Ber. 1871, 4, 15) and in 
many other reactions. 

Catechol IS prepared by fusing sodium 
o-benzene disulphonato (10 parts) with sodium 
hydroxide (10-15 paits) m an autoclave for 
8-10 hours at 280°-300° and prcssuie of 2-3 
atmospheres. The mass is then dissolved m 
dilute sulphuric acid, neutralised with chalk, 
evaporated, cooled and filtered. The mother 
liquor IS now heated m an autoclave with 50 p c 
sulphuric acid (10 parts) to 180°-220° ifiio 
henol IS removed from the solution so obtained 
y blowing steam through it ; it is then de- 
colourised with animal charcoal, after which the 
catechol is extracted with ether (Baum, Kng Pat 
21853 ; D. R P 80817 ; J. Soc. Chem Ind. 
1894,879, Elhs, 1897,674, Pidl 1894-7, 
116) Catechol is also prepared by heating 
catechol disulphonic acid or the sodium salt 
with water or mineral acid to 200°~215° for 
10-15 hours under pressure (Tobias, D R. P 
81209, 1894 , Frdl 1894-7, 117) , or by treating 
commercial catechu with water (Gutknecht, 
Chem. Zeit 1891, 15, 959) , or by diazotismg 
n-aminophenol, treating the product with boiling 
aqueous copper sulphate, and then extracting 
the catechol with ether (Fidl 1905-7, 128) ; or 
by the distillation ot orthobromo- or cliloro- 
phenol in vacu6 or in steam (D R. P 76597 ; 
Frdl 1890-4, 845), or by heating with sodium 
hydioxide (Frdl. 1891-7, 114, D. R P 84828) 
An almost theoretical yield of catechol can be 
obtained by treating guaiacol with fummg 
hydnodic acid (Pei km, Chem. 8oc. Proc. 1890, 
90) ; or by the interaction of o -hydroxy benzalde- 
hyde with aqueous sodium hydroxide m equi- 
molecular proportions ; to the sodium salt thus 
formed, an equimolecular proportion of 2-3 p c 
hydrogen peroxide is then added and the 
catechol is extracted with a suitable solvent 
(Dakin, Amer. Chem J. 1909, 42, 477) Also 
formed, together with phenol, by acting on 
benzene with hydrogen jieroxide m piosence of 
a ferrous salt Other methods of preparing 
catechol are described by Cross, Bevan, and 
Heiberg (Ber. 1900, 33, 2018) , Kunzkrause 
(Bor 1897, 30, 1620) ; Meyer {ihid 2569) , Hart- 
mann and Gattermann (Bor 1892, 25, 3532 ; 
D. R. P. 70718 ; Frdl 1890-4, 52) ; Gilliard, 
Monnet and Cartier (D. R. P 97099 ; Chem 
Zentr. 1898, u. 521); Messel (D. R PP. 68941, 
60637 ; Frdl 1890-4, 844, 846) 

Catechol is readily soluble in water, alcohol, 
ether, benzene, and crystalhses from these 
solvents m prismatic needles or tablets , m.p. 
104° ,* b p. 245° (Grabe, Annalen, 1889, 254, 
296). Its aqueous solution precipitates metallic 
silver from silver nitrate solution at ordinary 
temperature, and with ferric chloride it gives a 
gfeen colouration, which turns violet on addition 
of ammonia or sodium acetate (Wishcenus, 
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Annalen, 1896, 291, 174), whilst in the presence 
of aromatic ammo-sulphonic acids the colour 
changes to red-brown and the test is more 
dehcate than with ferric chloride alone (Bayer, 
Biochem. Zeitsch. 1909, 20, 178). Unlike its 
isomerido, resorcinol (motadihydroxybenzene), it 
13 converted into an unstable qumone by the 
action of silvei oxide, and its calcium salt 
Ca(C^H 502)2 IS precipitated by an ammoniacal 
solution of calcium chloride (Bottmger, Bor 
1895, 28, Ref 327). Catccliol can be separated 
from its isomeride by adding antimony fluoride 
to their aqueous solution, when only catechol 
antimony 1 fluoride will be precipitated (Causse, 
Ann (/him Phys 1898, ^vii ) 14, 526, 538) 

An alkaline solution of catechol becomes 
green, then black on exposure to air ; cate- 
chol is also oxidised to a black insoluble sub- 
stance by tho action of Catechol ase^ a thermo- 
stable substance obtained from the young shoots 
of Salit purpurea (Wcovers, Pioc K Akad 
Wetensch, Amsterd 1909, 12, 193). Heated 
with ammonium carbonate to 140°, catechol 
yields protocatochiiic acid C 8 lf 3 ( 0 H) 2 C 02 H. 

Catechol is used m photography, forming a 
very efficient developer in tho presence of 
sodium sulphite or tnbasic sodium phosphate 
as accelerator (Edor, J Chem Soc Ind 1890, 
102 , But. J Photogr. 1900, 47, 676) It can 
also be used as the starting-point in the prepara- 
tion of a large number of valuable derivatives 

Alkali salts of catechol of the general com- 
position OH GaH 4 ()M,(/aH 4 (OH). 2 , can be ob- 
tained by treating catechol with a solution of 
the theoretical quantity of alkali hydroxide or 
of a salt with an alkaline reaction, such as the 
sulphites They form readily crystallisable 
salts, used in photography, and can be employed 
foi producing pure catechol (Moister, Lucius and 
Brumng, D R P 164666, 1904; Frdl. 1905-7, 
129). 

The mono- and di-ethyl ethers of catechol 
are prepared by heating under j^ressure a solu- 
tion containing catechol, sodium hydroxide, and 
sodium ethyl sulphate or chloride m equivalent 
proportions The ethers are then removed by 
steam distillation and separated by treatment 
with sodium hydroxide, in which only the mono- 
ether IS soluble (J Soc Chem. Ind. 1896, 741 , 
Eng Pat 16047, 1896). The diethers can be pre- 
pared by tho action of alkalis on the monoethers 
(Fidl 1894-7, 123, D R P 92651) 

Catechol monoethyl ether forms largo clear 
colourless crystals, m p 26°-27°, bp 215°, 
which have an odour similar to that of thymol, 
and are soluble in alcohol and ether, but not m 
water. 

The monoalkyl ethers of catechol, when fused 
or treated in solution with various proteids, 
albumoses, and peptones, yield compounds 
which are applied therapeutically (Fehrlm, 
D. R P. 162656. 1906). 

Monoethyl catechol ether v Guaiacol. 

Dimethyl catechol ether v. Veratrol. 

Catechol, when fused with aliphatic amines 
or heated with them in suitable solvents, yields 
stable amines which form useful photographic 
developers (D. R. P. 141101, 1903 ; Frdl. 
1900-2, 1218). Other amino- and also nitro- 
derivatives are described by Meldola, Woolcott 
and Wray (Chem. Soc. Trans. 1896, 1332) ; 
Heinisch (Monatsh. 1891, 15, 229) ; Nietzki and 
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Moll (Bor 1893, 26, 2182) ; Blankswa (Rcc. 
trav. chim. 1905, 24, 40) ; Gnschkewitsch- 
Trochimowski (J. Russ. Phys. Chem. Soc. 1909, 
41, 1324) ; Dakin {I c.) 

Gdbd stable black, greenish, and bluish-black 
dyes, soluble in carbonates and alkahne sul- 
phides, have been obtained by the action of 
aliphatic amines on catechol at 180°-222® 
(D. R. P. 84032 ; Frdl. 1894-7, 1048). 

Methylene catechol ethet CH2 <C^q^^CjjH 4 is 

a colourless liquid; bp 172°-173° (Moureu, 
Bull. Soc. chim 1897, 15, 654 , Mameh, Atti R. 
Accad Lincei, 1900, (v ) 15, u 101 ; Perkin, 
Robinson, and Thomas, Chem. Soc Trans 
1909, 1977) A number of derivatives have 
been piepared (Moureu, I c 1898, 19, 507 , 
Medmger, Monatsh, 1900, 27, 237 ; Baiger, 
Chem. Soc. Trans. 1908, 503, 2081 , Barger 
and Ewins, ibid, 735). 

Catechol diphenylmcthylene ether 

CPh,<0>C,H, 

is prepared by gently heating catechol with 
benzophenone chloride ; colourless pi isms, m p 
93° (Sachs and Thonet, Ber. 1904, 37, 3327) 

The methylene ethers of catechol derivatives 
can be converted into chlorine deiivativcs of 
their cyclic carbonates by being heated with 
thionyl chloride (Wellcome and Barger, Eng Pat 
15987,1907; J. Soc Chem. Ind 1908,355) 

0 CH, 

Catechol ethylemc ether CgH4<( j b p 

\0 CHg 

216° (110°-111'’, 31 mm ), is readily obtained 
by heating catechol with potash, ethylemc 
bromide and water in an atmosphere of hydro- 
gen. Potassium permanganate, hydrogen 
iodide, and ammonia have an action on it, but 
it 18 oxidised by chromic acid to oxalic and 
carbonic acids It yields a number of sub- 
stitution derivatives (Moureu, Compt. rend 
1898, 120, 1426 ; Bull Soc chim 1898, (m ) 19, 
507 ; Gatterinann, Annalen, 1907, 357, 313 , 
Lazennec, Bull Soc chim. 1900, (iv.) 5, 501, 509). 

yO CH 

Catechol acetylenic ether CgH4<^ {| is 

^0 CH 

prepared by dehydrating orthohydroxyphon- 
oxyaldehydo with phosphoric anhydride m pre- 
sence of quinoline It is a colourless oil, boilmg 
at 193°, and, when strongly cooled, forms 
briUiant white crystals, m p 16°-20° It forms 
a dibromide C4H402(CH)2Br2, m p 103°-104’5°, 
which, in contact with water, is converted 
into catechol, glybxal, and hydrogen bromide 
(Moureu, Compt rend. 1899, 128, 559) ^ 

Catechol forms a number of acetah (Moureu, 
Compt. rend 1898, 126, 1656) ; also a vinyl 
derivative (Kurz Krause, Ber 1897, 30, 1617 ; 
Pauly and Neukam, ibid 1908, 41, 4151). 

Catechol sulphonic acid C4H3(OH)2S()3H is 
conveniently prepared by stirring together a 
meta-halogen phenol sulphonic acid with about 
an equal weight of sodium hydroxide in aqueous 
solution, and heating the mass to 250° for 8-10 
hours The mass is now dissolved in water and 
neutralised with a mineral acid such as sul- 
phuric. The solution is evaporated and the 
sodium sulphate Oltered off, whilst the concen- 
trate solution of catechol sulphomc acid yields 


pure catechol when heated with mineral acids 
(Frdl. 1897-1900, 150 , 1902-4, 100 ; D. R. P. 
9623 ; Elhs, Eng. Pat. 14931, 1896). 

Catechol disidphonic acid is obtamed by 
treating catechol with 5 times the amount of 
fuming sulphuric acid (Cousin, Compt rend. 
1893, 117, 113), or by fusing phenol trisulphonic 
acid or its salts with alkalis and decomposing 
the alkali sulphonate so obtained with dilute 
sulphuric acid (Frdl 1894-7, 118) 

Haloqen derivatives (Jackson and Boswell, 
Amer Chem. J 1906, 35, 519 ; Dakm, Ic.). 

Monochlorcatechol C3H3(OH)aCl, m p. 80°- 
81°, is obtained by the intei action of sulphuryl 
chloiide with catechol m ethereal solution ; 
by using a larger proportion of sulphuryl 
chloride, the dichlorcatechol, m p 105°-100°, is 
obtained (Paratoner, Gazz chim ital 1898, 28, 
1 197) 

Trichlorcatcchol C4H3CI3O2 is obtained by 
the action of a chlorine solution in acetic acid or 
an acetic chloroform solution on catechol It 
forms colourless odourless pi isms, m p. 104°- 
105°, with a burning taste Excess of chlorine 
yields tetrachlorocaieehol (Cousin, Compt rend 
1895, 120, 840) The corresponding bromo- 
dcnvatives are obtained similarly (Cousin, I c ). 

The bismuth brominated catechols are re- 
commended as a satisfactory substitute for 
tribromphenoxide, which is employed medi- 
cally, under the name of ‘ xeroform ’ They are 
produced by adding an acid solution of bismuth 
nitrate to alkaline, tetra-, tri-, or di-biomo- 
catechol, or by introducing precipitated bismuth 
hydroxide into an alcoholic solution of the 
bromoeatechol (D R P 107544, 1909) 

Catechol carboxylic acid 

CeH4(OH) 0 C0 jjH,JH 20 
m p. 240°, 18 formed by the action of ammonium 
carbonate on catechol at 130°-] 40° under 
pressuie, or by heating catechol with glycerol 
and potassium hydrogen carbonate at 180°-210° 
in an atmosphere of carbon dioxide (Praxmarcr, 
Monatsh 1906,27,1199) "\^\\Qdi -carboxylic acid 

can also be prepared Derivatives of catechol 
carboxylic acid, used in medicine, are obtained 
by the interaction of alcohols and also of primary 
and secondary bases with catechol carbonate ; 
thus . 

C.H4 <o^O+C,H,OH 

= 0,H,(0H)O COjCjH, 

or by using anihne, the compound 
CgH4(OH)0 CONHCgHg is obtained, whilst 
with ethylene diamine it forms dicatechol- 
dicarbethylenediarnide C2H4(NH*C02C(,H4 OH)2 
(Einhorn and Lmdenberg, Annalen, 1898, 300, 
135; D R. P. 92535; Frdl. 1894-7, 1110). 
A number of similar compounds are desenbed 
by Einhorn and Lmdenberg {lx.). ; Einhorn 
and Pfeiffer (Annalen, 1898, 310, 218). 

• * Methyl catechol dicarbonate, m.p 41°, is 
desenbed by Syniewski (Ber. 1895, 28, 1874). 

Carbonyl esters of catechol of the type 
CO(OCgH40R)2, also used in medicine, are pre- 
pared by the action of phosgene on the corre- 
sponding alkyl catechol m sodium hydroxide 
solution (D. R. P 72806 , Frdl 1890-4, 854). 

[Catechol monoacetic acid 

b,H,[0H)0-CH,-C02H 
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m.p. 131°, IS obtained by the action of monochlor- 
acetio acid on catechol m aqueous or alkahne 
solution. When heated to 120°, it forms the 

anhydride m.p. 56“ (J Soo. 

Chem. Ind. 1896, 688), which, when treated 
with water, yields the acid in a very pure state 
(D. R. PP. 87336, 87668, 87669, 89593 , Frdl 
1894-7, 1106, 1107, 1108) The sodium salt of 
this acid 18 said to bo a better remedy for 
phthisis and loss of appetite than guaiacol or its 
carbonate (Prdl. 1894-7, 1106). A laige number 
of derivatives formed by the acid are described 
by Ludwig (J pr. Chem 1900, ii. 61, 34.5). 
Catechol diacetates are described by Lrezgowski 
(J. Russ. Phys. Chem Soe. 25, 157), and by 
Voswinckel (Ber. 1909, 42, 4561) 

Catechol reacts with chloracctyl chloiide or 
chloracotic acid, forming chloroacclfjl catechol, 
thus : 

CeH4(OH)2+ClCH2 COCl=CeH3(OH)2CO CH^Cl 
which, with ammonia or a primary aliphatic 
amine, yields ammo-acetyl compounds of the 
type RNHCHaCO CaH3(OH)2, and these keto- 
compounds can be readily reduced to the cor 
responding alcohol (Imray, Eng Pat 26480, 
1903 , J. Soc. Chem. Ind 1904, 1043 , D R P 
13209 , Frdl 1890-4, 857) {see also Adrena- 
line). 

Aniline and chloroacetyl catechol form an 
anihde Cgll (()H)2CO CH^ NHPh, which, with 
nitrous acid, yields catecholghjco phenyl tnazinc 
[C.H3(0H)2J2C0 CHa N Fh N • NCH^CO , m p. 
115°, with decomiiosition 4’he coiresiiondmg 
tolyl- derivative melts at 120°, and is pie- 
pared m a similar manner ( Dzierzgowsky. Ber 
1894, 27, 1983, D R P 71312, Frdl 1890-4, 
857) 

(/gHjAc (0H)2, m p 116°, t/i- 
methoxyacetaitcchol CgHjAc (OMe)2, and cafcchol- 
qlycothiocyamtte CgH3(OH)2CO CHg SCN, m p 
147°-150°, have been prepared by Dzierzgowsky 
(/ c ). According to Abderhaldeii and Kautsch, 
the chloracctyl derivatives of catechol, when 
treated with ammonia, are lesolvcd into their 
components (Chem Zentr 1910, ii 1356) 

Alkyl acetyl catechol alkyl ethers, used m 
pharmacy, are obtained by the action of the 
alkyl acetyl chlorides on catechol monoalkyl 
ethers (J. ISoc Chem. Ind 1906, (>53 , Eng Pat 
25571, 1905; US Pat 822339, 1906). 

A soluble tasteless product, CioH^N^Og, 
useful for medical purposes and as a substance 
from which other valuable technical pioducts 
can bo obtained, is formed by the condensation 
of catechol with alloxan in the presence of zinc 
chloride or mmeral acids It forms prismatic 
crystals, which decompose above 200° (D. R. P. 
107720 . Frdl 1897-1900, 864). 

Catecholdianfipynne is obtained by mixing 
aqueous solutions of its constituents, and forms 
colourless needles, mp 78° -79° (Patein and 
Dufan, Compt. »end 1895, 121, 532) 

Piperidine catechol C,^H4iN,[C4H4(OH2]2 
forms white crystals which rapidly become red 
and then brown on exposure to air It melts at 
80°-81° (Rosenheim and Schidrowitz, Chem. 
Soc. Trans. 1898, 140). 

Catechol, when treated with phthalio anhy- 
drfde and sulphuric acid at 150°, ymlds ahzarin , 
thus : 


C«H4<^Qy|2|+C,H4<^Q^O 

=0.H4<:^gQ^C,H,<^Qg|2) 

(Baeyer and Caro, Ber. 1874, 7, 972 ; Lieber- 
mann and Hohenemser, ibid, 1902, 35, 1778) (v. 
Alizarin and allied colouring matters) 

Catechol phthalein C2oHi40g is prepared by 
heating jihthahc anhydride (3 parts) with cate- 
chol (2 paits) and zinc chloiide (3 parts) to 
140°~150° for 3-4 hours. The aqueous extract 
of the product is boiled with animal charcoal, 
and the filtiatc, on cooling, deposits yellowish- 
whito leaf ciystals of the substance which sinters 
80°-90°, but does not melt (Meyer and Pfoten- 
hauer, Ber. 1907, 40, 1442 , Bayer, Chem. 
Zontr. 1910, ii. 1524). 

Under certain conditions, catechol combines 
energetically with diazo- compounds yielding azo- 
dyes (Witt and Mayci, Ber. 1893, 26, 1072 , Or- 
ton and Everatt, Chem Soc Trans. 1908, 1021) 
Thus Benzencazocaiechol CgH3(OH)2N2(’aH5, 
ni p 165°, which dyes cotton mordanted with 
alumina a golden yellow, is formed by the inter- 
action of an alcoholic solution of catechol and 
a concentrated solution of diazobenzene chloride, 
the mixtuie then being pouied on to ice. The 
/hOo- derivative NO2 CQH4N2CgH3(01I)2 colours 
alumina mordants led, and iron and chromium 
mordants brown , the sodium sulphonate 
S03NaC8H4N2C8H3(0H)2 colours wool mor- 
danted with alumina, yellow , with chromium, 
red-biown Similar toluene compounds have 
also been obtained Catechol also forms triazo- 
or azoimido- compounds (Rupe and Majewski, 
Ber 1900, 33, 3401) 

Catechol ylycoisoqmnoline 


HOK* id .--^U0*CH2 


forms glitteiing orange-coloured crystals which 
give a red colouration with very dilute feme 
chloiide and a green coloui in presence of excess 
of the latter , both the base and the chloride 


dye cotton mordanted with iron, aluminium, or 
chromium salts, black-yellow or reddish-brown 
re.spectively (Nciicki, Ber 1894, 27, 1969). 

Catccholglycotctrah ydi oqaiiioline Cj 7II17NO3 
crystallises m yellow lustrous plates , m p 170° 
(Nencki, I c ) 

Catechol, when heated with zme chloride and 
formic acid, yields aunn dyes which give fast 
colours witii metallic oxide mordants (Caro, Ber 
1893, 26, 254) 

Catechol tanmuA are employed m colouring 
leathers (J Soc Chem Ind. 1907, 423, 882 , 
ibid 1909, 1151) 

A number of products obtained by the con- 
densation of catechol with ketones are de- 


scribed by Fabinyi and Szeky (Ber. 1906, 38, 
2307). 

Catechol, when warmed with an alco- 


hoho solution of picryl chloride contaimng 
sodium, yields 3 [y-dinitro-o-diphenylene oxide, 
C,H402(yi2(N02)2, mp 102° -192 5° (Hillyer, 
Amer. Chem. J 190(h 23, 125) 

Catechol heated witli hippuryl chloride on 
the water- bath yields 0 -hydroxy phenyl htppurate 
NHBz CHa COaC,H4 OH, m.p 134°-136°, which 
with hydrogen chloride gives the anhydride 
O15H14O3N, m p. 232°-233° (Fischer, Ber. 1905, 
38 , 2926 ). 
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When catechol is hydrogenated in the pre- 
sence of finely divided nickel, cis-cyclohexane 
1 : 2-diol, m.p. 75°-76°, b p. 225°, is formed 
(Sabatier and Mailhe, Compt. rend. 1908, 146, 
1193). 

A number of quinone and halogen quinone 
derivatives of catechol are described by Jackson 
and Koch (Arner Chein J 1901, 26, 10), 
Jackson and Porter {ibicL 1903, 30, 518) , Jack- 
son and Russe {ibid 1906, 35, 154 , Ber. 1905, 
38, 419) Other derivatives of catechol have 
also been prepared (Cousm, Ann Chim Phys 
1898, (vu ) 480 ; 1899, (vii ) 18, 76 ; Bischoff, 
Ber 1900, 33, 1669 ; Wismger, Monatsh 1900, 
21, 1007 ; Bischoff and Hedenstrom, Bor. 1902, 
35, 3452 ; Bischoff and Prohlich, Ber. 1907, 
40, 2779, 2790 ; Barger and Ewms, Chem Soc. 
Trans 1909, 552, 1482 ; Foumeau, J. Pharm 
Chim 1910, (vii ) 1, 55, 97). 

Catechol phosphines and chlorophosphmcs 
(Krauer, Bor 1894, 27, 2565) ; phosphites and 
sulphites (Anschutz and Posth, Ber 1894, 27, 
2751) ; also a number of antimonyl catechol com- 
pounds (Causse, i c ), some bismuth derivatives 
(Richaid, Chem. Zentr. 1900, ii 629), and a lead 
salt (Jackson and Koch, Ber. 1898, 31, 1458), 
have been prepared. 

Homologues of catechol, such as homo- 
catechol (o-dihydroxytoluene), can be prepared 
by heating the corresponding alcohol with 
catechol in the presence of zmc chloride in open 
or sealed vessels (Merck, Frdl. 1894-7, 115, 
D R P. 78882), or by the mteraction of per- 
sulphates and p-phcnol derivatives m alkaline 
solution, the product then being warmed with 
acid (Frdl 1894-7, 121 ; D R. P. 81298). 

/OK(I) 

=C,H3(-OSO,OK(2)+KjSO,+HjO 

\B(4) 

/OK(l) 

C,H,( 0S020K(2) + H2S0,+H20 
\R(4) 

-'=^\H34-0H(2)+3KHS04 

\R(4) 

This method can be applied to the production of 
a large number of various derivatives. 

CATECHU or CUTCH. There are several 
varieties of catechu or cutch bearing different 
names according to the country or plants from 
which they are obtained The following are 
those prmcipally employed by dyers and 
tanners : Gambler catechu, Bengal or Acacia 
catechu, Bombay or Areca catechu, and Man- 
grove cutch 

Although catechu has perhaps received greater 
attention than other natural dyes, the results 
have been so varied that the chemistry of the sub- 
ject was for a long time in a most unsatisfactory 
condition Some confusion has arisen from the 
non-appreciation of the fact that the mam 
constituents of Gambier and Acacia catechu are 
not identical, and some uncertainty has also 
apparently existed as to the botanical ongin 
of the commercial varieties. Bombay catechu 
is, for instance, occasionally referred to as 
originating from the Acacia catechn, and Benqal 
catechu from the Areca catechu (Linn.) ; and m 
many cases, at the present time, it is impossible 


to ascertain the botanical derivation ot com- 
mercial brown cutch preparations. 

Gambler catechu, — Gambier, yellow cutch, 
cubical cutch, cube gambier, or terra japonica, 
is obtamed from the Vncaria gambier^ an 
extensive scandent bush which is met wuth, both 
wild and cultivated, in Malacca, Penang, and 
Singapore. The catechu is isolated by extract- 
ing the leaves and twigs with hot water until the 
liquid becomes syrupy, the insoluble matter 
being removed from time to time by means of 
a strainer. On cooling, the pasty mass is cut 
into cubes with sides 1 inch in length and 
dried on bamboo trays 

Oatfchin 0 , 5 H, 404 , 4 H 20 , the crystalline 
principle, was first described by Nees van Esen- 
beck (Annalen, 1832, 1, 243), was subsequently 
examined by Beizelius in 1837 (J 14, 235), and 
moie recently by numerous chemists To 
isolate catechm, Lowe (Zcitsch anal. Chem 
13, 113) devised the following method : catechu 
IS washed with cold water to remove catechu 
tannic acid, well pressed, allowed to dry, and 
dissolved m hot acetic ester The filtered 
solution IS evajioiated and the residue crystal- 
hsed from hot water 

Accoidmg to Perkin and Yoshitake (Chem. 
Soc Trans. 1902, 81, 1162), a combination of 
this method and that of Berzelius Q c ) gives 
good results 

The finely powdered catechu is extracted 
with 10 times its weight of boiling ethyl acetate, 
the solution is eva^iorated, and the lesiduc 
I crystallised from 10 times its weight of water 
The product is again dissolved m boiling water, 
and load acetate solution added, drop by drop, 
until a coloured precipitate is no longer formed, 
and the filtrate is almost colourless , the latter, 
while hot, IS treated with sulphuretted hydrogen, 
the lead sulphide removed, and the crystals, 
which separate on cooling, are collected, washed, 
and allowed to dry at the ordinary tempeiature. 
The substance is now practically colourless, and 
the yield gi eater than if the purification had 
been effected by frequent crystallisation from 
water 

The formula) which have been assigned to 
catechm are very numerous It has been shown 
by V Kostanecki and Tambor (Ber 1902, 35, 
1867), and simultaneously by Peikin and 
Yoshitake {I c ), that it is correctly represented 

I as t!i6HnO„4H/) 

1 Catechm forms colourless needles, and when 
! crystallised from water the air-dry product 
melts at 96° (Olauser, Ber 1903, 36, 101). After 
standing over sulphuric acid, it possesses the 
formula Ciglli^Og HgO, and melts at 176°-177°, 
and this is also the melting-point of the anhy- 
drous substance. Catechm is readily soluble in 
boiling water and cold alcohol, and gives with 
lead acetate solution a colourless precipitate, 
and with ferric chloride a deep -green liquid. 
With pmo wood and hydrochloric acid, it gives 
the phloroglucmol reaction. • 

On fusion with alkali, protocatechuic aetd, 
phlorexjlucinol, and probably acetic acid are pro- 
duced. and it is mterestmg to note that catechu 
has been considerably employed for the com- 
j mercial preparation of the former compound. 

I Schiitzenbergcr and Rack (Bull. Soc. chi'n. 

' 4, 6) have described a dibenzoylcatechin ; and 

i Liebermann and Tauchert (Ber. 1880, 13, 695), 
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diacetyl catechm, diacotyl dichlorcatechm, and 
diacetyl dibromcatechm ; but their forraulao tor 
these compounds are now known to be incor- 
rect. 

P€7ita - acetyl - ccUechtn Ci5H906(C2H30)5 ; 
colourless needles, m.p 124^-126° (v Kosta- 
necki and Tambor) ; pentahenzoyl catpcht'n, 
Ci5Hg()g(C7H50)5, colourless needles, in p 151°- 
153° , tetrchenzoyl catechin, Ci5Hio08(C7H50)4 , 
prisms, m.p. 171°-172° (Perkin and Yoshitake) , 
dimzohenzeim cutcchirif Ci5Hj20g(C8H,jN2)2» 
salmon - rod needles, m p 193°-105° (Etti. 
P and Y ) , acelyldisazobenzcrie catechm^ orange 
red needles, m 253°-255° (P. and Y ) ; catechm 
tetramethylcther Cj^H, (,02(00113)4, needles, m p 
141°-J4(i° (K. and T ) , acetyl catechm tetra- 
methylether 01511902(00113)4021430, needles, 
m p 92°-93° , and catechm petdamf thylethcr 
Ci 5H9 ()(OOHj )5 (K and T ), have been prepared 

When eatechin tetiamethylethei , suspended 
in water, is oxidised with potassium peiman- 
ganatc, it gives veratnc aetd, and most probably 
phloroglucmol dimethylether (Chem Soc Trans 
1906, 87) As the result of this investigation, 
Perkm eonsideied that catechm was possibly a 
reduction jiroduct of quercetin 


OH^ 


OH 

^ ^OH 


MjH ^ 

j \ 

yCH on 


OH CH2 


OH^'' 

or 1 > ^ 


OH 
OH 




OH OH OH 


and indeed a small quantity of the latter colour- 
ing matter is present in catechu (Lowe Perkin, 
ibid 71, 1135) 

Moie recently, v Kostaneckiand Lampe (Ber 
1906, 39, 4007) have shown that when catechm 
tetramethylcther is biominated in the presence 
of sunlight, only & moriobromcatechm tefrarnethyl- 
cther, m p 173°- 174°, is produced, whereas the 
above constitutional formulie require t he forma- 
tion of a dibromo- compound When oxidised 
with permanganate, bromcatechm tetramethyl- 
ether gives veratnc acid, so that the brommo 
must have replaced one hydrogen of the phloro- 
glucinol nucleus When alcoholic solutions of 
catechm- tetramethylethcr and of iodine and 
iodic acid are mixed, long colourless needles of 
wdocatechin-teiramcthyhther separate after a 
few hours : — 



\c;k 


OH 


2 

2 


OH 


OMe 


m.p. 192°- 193° ; this yields an acetyl deriva- 
tive C21H23O7I, m p. 189° 

lodocatechin-tetramcthylether when treated 
with zinc-dust and alkali yields the ^original 
catechm-tetramethylether. this elimination of 
iodine being also noticed with other members 
of the maclurin type (v KostaneeVi and Lampe, 
Ber. 1907, 40, 4910). v Kostanecki and Lampe 


have assigned the following constitution to 
catechm : — 

H0/\ 0 

OH 

and this 19 m harmony with many of the 
properties of this substance When catechm 
tetramethylcther is oxidised with chromic acid, 
catechone trmieihylether, orange-yellow needles, 
m p 210°, is produced (K and T ) • 

O 

II 

oHaO'^^ -rH(OH) oh/ 

II 

o 

whereas catechm pcntaniethylether gives the 
tetramethyl compound . 

O 

. II 

0H,0/\ 

OHjol^J— 0H{00H)3 — ^^Oh/ 

II 

0 

and this behaviour is analogous to that of 
leucomaclunn pcntaniethylether (see Maclurin) 
Acetyl catechone by 1 eduction with zme-dust 
and glacial acetic acid, and hydrolysis of the 
product, gives hydroxy-catechin , yellow needles, 
melting at 284°-285° — 



The hexamcthylcther has m p 102° (Nieren- 
stein, Annalcn, 1903, 396, 194). 

When catechone tnmethylether is nitrated, 
a monomtro- derivative (1) 

0 

II 

CHjOr'^^— NO, 

/ 

CH,0l^ CH (OH)— 

II 

O 


( 2 ) 


oh,o/\no, 
0H,o[ J— COOH 


m p. 141°, 18 obtained, and on oxidation yields 
nitro veratnc acid (2) Finally, by the reduction 
of catechm tetrarnethylether with sodium and 
alcohol, an oil is produced which, on treatment 
with methyl sulphate, gives pentamethoxyethyldi- 
phenyhne thane 

CH,0^I OCh/^|OCH, 

CH 3olsj-CH,-\/)c,H, 

OCH3 

a reaction which points clearly to the presence 
of the cumaran nng m catechm. 

Ryan and W^sh (Proc. Roy. Dub Soc. 
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1916, 15, 113) have attempted to decide between 
the chroman structure of Perkin and Yoshitake 
and the coumaran formula of v Kostanecki 
and Lampe. To this end they have synthesised 
2 . 4 • 6 : 3' • 4'-penta-niethoxy-3-ethyl-diphenyl- 
methane, in oidcr to ascertain whether this was 
identical with the deoxy-hydro-catechm-penta- 
methyl-ether obtained from catechin, as de- 
scribed above by v Kostanecki and Lampe 
'J"he synthesis is made clear by the following 
scheme • — 



OMe 




I 

Me0/\ MeO 

Meol j— (J— 



OMc 


They weic, howevei, unable to obtain the 
resulting product in a ciystallinc condition — 
the addition of a crystal of the product obtained 
from catechin (deoxy-hydro-catechm-penta- 
methyl-ethcr) failed to cause it to ciyslallise 
— hence they were not able to obtam a definite 
settlement of this point 

Catechin is oxidised in aqueous solution by 
potassium feriicyamde m the piesenee of potas- 
sium acetate with formation of an oiange- 
coloured amorphous comjjound (Perkin), which 
dyes mordanted calico oiange-biown shades 
which are fairly fast to soap J t is probable that 
this dyestuff is related to the catechone of v 
Kostanecki and Tambor, and which was obtained 
by these authors in the form of its tri- and 
tetramethyl ethers 

When catechin is treated with carbon tetra- 
chloride and aqueous potassium hydroxide, it 
yields catechin carboxylic acid, colourless needles, 
m.p. 274°-277° (decomp ) 

COOH C.H.(OH),-CH(OH)-l^ 

OH 


The annexed constitution has been assigned 
to it on account of the fact that its 'penta- 
methyUelher mcthyl-cbicr C22H260h, mp 92°, 
when oxidised with alkaline peimanganate, 
yields hemipimc acid. 

Catechin carboxylic acid has been lesolved, 
and the c/-acid has + 76 4°, and m p. 

273° (decomp ), whilst the /-acid gave values 
[a]p®=~68 22°, and m.p. 270°-273° (decomp.) 
(Nierenstem, Annalen, 1913, 396, 194) 

Catechutannic acid. In addition to catechin, 


gambler catechu contains a small amount of 
catechutannic acid, and this substance is present 
in considerable quantity in the browner varieties 
of ditch To isolate it, the following method 
has been employed • — 

A hot aqueous extract of catechu is allowed 
to stand until no more catechin is deposited, and 
the clear liquid is evaporated to dryness. The 
residue is dissolved in alcohol, the solution 
treated wuth ctlier to precipitate inqiuiities and 
then evaporated to diyness 

Coatee hutanme acid consists of an amorphous 
reddish-brown powder, readily soluble m water 
and alcohol, insoluble in ethei According to 
Lowe (Fr. 13, 121), it possesses the formula 
Cgilljgtlg^ gives a lead salt 3PbO,2C2illi80g, 
but this most probably n^quires revision 
I According to Etti (Annalen, 186, 332), cate- 
I chutannic acid is an anhydride of i*atechiri, and 
is derived from this substance by elimination of 
i water it is said to be produced when an 
^ aqueous solution of catechin is heated to 110° 
(Lowe, thid 12, 285), or by boiling catechin 
witli solutions of the alkali carbonates Again, 
catechin is decomposetl at its melting-point 
with evolution of watei and formation of a pro- 
duct rcbcinblmg (atcchutannic acid, and aqueous 
’ solutions of catechin on long standing become 
. brown-coloured witli apji.irent formation of this 
I compound That the pi oducts obtained by these 
I methods lesemble cateciiutannic acid is certain, 

I but the subject lias not been full;^ investigated. 
Catechutannic acid solution gives a precipi- 
tate with lead acetate, and also resembles 
catechin in gi\ing a gicen colouration with ferric 
cJdoiide, and the pldoioglucmol reaction with 
pinewood and hydioi*hloiic acid it is a powei- 
ful tanning agent, and appears to difiei but 
little from the so-called ‘ ( atcchol ’ tannins 

Thiee other catecliin anhydiides have been 
desciibed, viz the6Cc‘o??t/anhydiidoL42H 340,5(?), 
(Etti), which is produced by heating catechu- 
tannin to 162° , the third anhydride F2 iH, 607(‘*’), 
formed by digesting catechin with boiling dilute 
sulpliuiic acid for several houis , and the foiii th 
[ anhydride, wdiicli is obtained by heating catechin 
with hydiochloiic acid at 160°-180°. These com- 
pounds consist of reddish-brown powiiers, and 
the fourth substance is insoluble, both in alkaline 
solutions and all solvents A piodiu t similar in 
piopcrties to Etti's fourth anhydride is readily 
foimed by adding sulphuric acid to a hot acetic 
acid solution of catechin (Feikiii). A blight 
orange powdci almost immediately separates, 
and this, on analysis, gave C— 63 26 j) c , H= 
3 89 p c it is inter esting to note that the for- 
mation of these led anhydiides, or phlohaphcnes 
is characteristic of all the catechol (j)hlobo) 
tannins 

According to l^eikin and Yoshitake, gambler 
catechu contains a small quantity of a second 
catechm, which crystallises in small prisms, 
devoid of water of crystallisation, and melts at 
235°-237° Its general reactions, are identical 
with those of ordinary catechin, and by fusion 
with alkali it also gives phlonxjlncinol and 
id The azobenzeno compound 
2)2, orange-red needles, melts 

Finally, there are present in catechu, certain 
blown substanres known as rubinit and japonic 
acids, which, according to some writers, appear 


jirotocatechnic aci 
C1.H42O (CJl^N 
at 2i5°-2l7°. 
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to have been formed by the oxidation of the 
cateohin Their chemical nature is, however, 
unknown. 

Catechin, though largely emplo3)'ed for tan- 
ning purposes, does not precipitate a gelatme 
solution, and is not itself a tannin matter. On 
the othoi hand, it is absorbed by the hide, and 
there gradually passes into catechutannic acid 

Dyeing Properties — On cotton, catechu is 


I and also of their derivatives, differ widely, as is 
I evident from the following table (Pei kin and 
VToshitake) • — 

Acacatechm Catechin 

Pontaacotyl deiivativo 158°-1G0° 124°~125° 

Pentabenzoyl „ 18P-183° 151°-153° 

Azobenzcne ,, 198°~200° 193“-195° 

Tetramethyl ,, l52°-ir)4'^ 

j Acetyl „ 136°-137° 92"-93° 


largely used for the production of the well- 
known ‘ catechu brown,’ which is exeeedingl}' 
fast to light, acid and alkalme solutions, and 
also to bleaching powder. To obtain thi'^, 
cotton IS steeped in a hot solution of catctdiu 
(1-2 p c ) to which has been added about b p c 
of copper sulphate, reckoned on the weight of • 
the catechu employed TTie material is allowed ! 
to remain in the bath as it cools, and without | 
washing is then treated in a warm or boiling i 


It appears certain, therefore, that catcchm and 
acacatechm aie isomeiides, and it is possible 
that the latter may, on the basis of v Kostanecki 
and Lampe’s formula for catechm, be repre- 
sented thus (Peikm, piivate communication); 


—(in. 



second bath containing I or 2 grams of bichro- ' 
mate of potash per litie According to Hummel j 
and Brown (J Soc Chem Ind 1896, 15, 422), , 
m this operation the copper sulphate piobably ' 
converts the catechin into catechutannic acid, i 


OH 

a point which should not be ihfhc ult to dctcimme 
Bombay or Areca catechu. This variety is 
obtained from the fiuit of the Arcca catcehn^ or 


and this is subsequently oxichsed to japonic acid j bctel-nut xialm, a tree which is common m 
by the action of the bichi ornate The colour is i tropical Asia Though its chief constituent 
apparently intensihed by the formation of a basic I resembles catechutannic acid, catechm itself 
copper chromate Garnbier catechu is also cm- | has not been isol.ited fiom this pioduct It 


ployed m dyeing compound shades with log- ■ possesses a biight-chocolate and sometimes an 
wood, fustic, ancl alizaiin m conjunction with orangc-bi own colour, and yields, on dyeing, very 
bichrome, and with bismarck brown, magenta, ! similar lesults to the oidmary cutches 
«S:c In the latter case catcchu-tannm foims Mangrove cutch. Mangrove cutch is ob- 


thc mordant for the basic colour 


tamed fiotii the baik of the mangiove Cenops 


Wool may bo dyed with catechu in a siniilai 
manner to cotton. In silk-dyemg, catechu is 
largely used for weighting purposes The silk is 
steeped in basic ferious sulxihate solution, then 
m potassium fenocyanide and hydrochloric acid, 
which causes the pioductioii of Biussian blue on 
the fibre It is then worked m a strong solution 
of gambler to which stannous chloride solution 
has been added. 

Bengal or Acacia catechu. — Bengal catechu 
IS derived from the Acacia caUchuy a tree 15 to 
20 feet high, which is common m most paits of | 
India and Burma To isolate the catechu which 
IS present m the led heartwood, tlie tree is cut 
down while it is fullest of sap, and the internal 
portion IS sawn into small sticks and extiacted 
with boiling water The hquid thus obtained 
IS concentrated over a file, and then allowed to 
evaiioratc spontaneously in shallow dishes The 
extract thus obtained comes into the market as 
Pegu catechu. Brown cutch, and Blown catechu 
(Crookes, Dyeing and Calico Printing) 

A purer substance, katliy or the pale catechu 
of India, is prejiarod by susjiendmg twigs m the 
hot concentrated extract and collecting the 
crystals which thus separate 

Acacatechm Ci^Hi408,3H20 can be ob- 
tained from the acacia katn by methods identical 
with those which are employed for the isolation 
of catechm from gambler catechu. It melts at 
204°-205°, IS somewhat more sparingly soluble 
m water than catechm, and when fused with 
alkali gives phloroqlucinol and protocatechuic 
cLcid^ The reactions of acacatechm and cate- 
chm, m so far as they have been observed, are 
identical, and there is no difference m the com- 
position of their derivatives when prepared 
under similar conditions. On the other hand, 
the melting-points of the substances themselves. 


candolltaiuiy and is of somewhat leccnt emjiloy- 
ment In its prep.iration it is jueferable to 
extract the fiesh baik, wiudi is of a light coloui 
mhutiallv, latluM than the stonal pioduct which 
has become led, or is said to have ‘ sweated ’ 
The extiaot, on evapoiation, becomes dcep-ied in 
colour, and the object of the manufacturer is to 
pievent this anhydiide formation fiom gomg too 
far, otherwise a ceitam poition of the extiact is 
rendeied insoluble m watei 

By fusion with alkali, it giv^es protocatechuic 
acidy but at present no catechm has been isolated 
from it ( Perkm, piivate communication) When 
dissolved m sodium bicarbonate solution, acetic 
ester oxtiacts an almost colourless tannin, which 
possesses the propeities of a catechol tanmn 
Por many purposes, mangiove cutch is com- 
petmg closely with the othci varieties of catechu, 

I and this competition will no doubt become 
keener if its quality can bo furthei improved 
Mahogany. According to Caseneuve (Bcr. 8, 
828), mahogany wood contains a catechm 
Kino or Gum kino (sec under Kings). 

A. G. P. 

CATELLAGIO ACID C\4HeOe. Schiff (Ber 
12, 2590), on heating protocatechuic acid with 
arsenic acid, obtamed a substance which he 
named catellagic acid, and to this ho assigned 
the formula C44H40O7 or C4 4H807 Perkm and 
Nierenstem (Chem Soc. Trans 87, 1417) obtamed 
apparently the same substance by the oxida- 
tion of protocatechuic acid, and also parahy- 
droxy benzoic ^acid with potassium persulphate 
and sulphuric acid. According to the latter 
authors, catellagic acid crystalhses from pyndme 
in colourless needles, which melt above 360°, 
and sublime with but moderate carbonisation at 
higher temperatures. Solutions of the alkali 
hydroxides dissolve it with a pale-3^cllow colour. 
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and with nitric acid it gives a magenta -coloured 
liquid Diacetylcatellayic acidy colourless pris- 
matic needles, melts at 322°-324°. 

Catcllagio acid, by distillation with zinc- dust, 
gives fluorenc, and is closely related to ellagic 
acid. Its constitution (P. and N.) may be 
expressed as follows — 

^0 CO ^ 

^ 

OH 

From the oxidation products of parahydroxy- 
benzoic acid, Perkin and Nierenstem isolated, 
in addition to oatellagic acid, a second 
compound, CiJlgO^, colourless needles, mp 
above 360° This, which gives the diacetyl 
derivative C\4H,Oe(C2H ^O)^, colourless needles, 
m p 267°— 268°, and by distillation ivith zme- 
dust fluorene, possesses the formula • 

O—CO 
OH 


“Q-cooh Q 


OH 

and evidently oiigmates from the interaction of 
one molecule of protocateohuic acid and one of 
parahydroxybenzoic acid A. G P 

CATHARTIC ACID v Senna leaves. 
CATHARTIN v. Senna leaves. 
CATHARTOGENIC ACID v Senna leaves 
CATHARTOMANNITE Senna leaves 
CAULIFLOWER. A variety of Bra^^iat ol^ut- 
ccttf m which numerous imperfect flowers form a 
compact head, which forms the main edible 
portion 

An American analysis shows the edible 
portion to contain : , 

TTr X .... Soluble 

Water Protein Fat carbohydrate.^ Ash 
00 8 1*6 0 8 6 0 0*8 

H J 

CAULOPHYLLINE r (Cytisine 

CAY CAY FAT or COCHIN CHINA WAX 

V . Waxes 

CAYENNE PEPPER r Resins. 

CEANOTHUS WAX v Snowbrush Wax , 
art. Waxes 

CEDAR CAMPHOR r Camphors 
CEDAR OIL V Oils, Essential 
CEDRA. {Cedrat^ Fr. ) The fruit of a species j 
of orange, citron, or lemon The peel is very ■ 
thick, covered with an epidermis containing a ' 
fragrant essential oil, used for flavouring pre- i 
serves, also used whole for wet comhts, and cut 
in quarters for dry comfits A hqueiir is made 
from It by gathering the fruit before it is npo, 
and gratmg the peel into brandy j 

CEDRELA TOONA. Tlie Cedrda toomiy the 
Toon or Indian mahogany tree, is a large tree 
.>0-f)0 feet, although occasionally reachihg 100 
feet in height, the wood of which closely re- 
sembles mahogany and is impoi ted into England 
under the name of ‘ Moulmem Cedar,’ and much 
used for making furniture It occurs in the | 
tropical Himalaya from the Imjus eastward, 1 
throughout the hilly districts of Central and 
Houthein India to Burma, and is also found m 
Java and Australia. 3’he flowers constitute one 
of the less irnpoitant Indian natural dyestuffs, 
and aie reputed to yield both a red and a yellow 
dye (known m Bengal as ‘ Gunan,’ which is 


applied without mordants). Although em- 
ployed for dyemg purposes alone, the flowers are 
also used m Burma m conjunction with safflower 
and together with turmeric to produce the sul- 
phur-yellow colour or ‘ basanti ’ of Cawnpore. 

To isolate the colouring matters, Perkin 
(Chem. Soc Trans. 1912, 101, 1539) digested an 
aqueous extract of the flowers with a little 
hydrochloric acid at 70°-80°, which caused the 
separation of a reddish-brown precipitate. This 
collected and dried was exhausted with boihng 
alcohol, and the solution on evaporation de- 
posited a small amount of a red microcrystalline 
powder By re- crystallisation from pyndino 
and removal of an insoluble amorphous impurity, 
this separated m large orange-coloured leaflets 
which contamed jiyndine, and became red and 
opaque when washed with benzene or alcohol, 
the pyridine being thus eliminated. 

It melted at 285°-287°, and with cold con- 
centrated sulphuric acid gave a deep mdigo blue 
liquid, resemblmg in this property bixin, the 
colouring matter of annatto, Ihxa arellana (l.c.). 
This compound proved to be identical with the 
red colouiing mattci nycanthm isolated by Hill 
{ibid. 1907, 91, 1501) from the flowers of the 
Nycanihes arbor -IridiSy to which the erroneous 
m p 234°-235° has been assigned The amount 
which is present m the Toon flo^ve^8 is very small 
and does not seem to average more than 0 1 pc. 
Though there appeals to be little doubt that 
nyeanthm and bixm aie closely lelated, the 
connection between the two compounds cannot 
be predicted witli any leasonablc certainty until 
chomi.sts are m agi cement as to the correct 
foimula of bixin The analyses of Hill and 
of Perkm indicate that nyeanthm contains 
approximately 0=72 68, H=7 75, and the 
simplest formula to which this conesponds is 
Among the numeious expressions 
pioposed for bixin is, however, that of van 
Has.selt {cj Annatto), O29H34O5, and should this 
eventually prove to be correct, then nyeanthm 
is possibly an oxy- or hydroxy-bixin, C29H340a 
(C=72 8 , H-.7*l). 

Addition of zinc-dust to the hot orange- 
yellow coloured alkalme solution of nyeanthm 
causes dccolorisation From this by acidifica- 
tion a colourless or faintly yellow precipitate 
separates, and this, as is well known, is a property 
also possessed by bixin 

Cotton on immersion m a boilmg dilute 
solution of nyeanthm in sodium carbonate, and 
subseciuently rinsing with aciditicd water, is 
dyed an orange shade mdistmgiushable from that 
given in these ciicumstanccs by annatto, a fact 
which again points to a relationship between the 
two colouring matters 

The flowers of the Cedrela loom con tarn m 
addition to nyeanthm a fair amount of quercetin 
piobably as glucoside, and also a second flavone 
or flavonol dysetuff, the identity of which was 
not ascertained A sugar, C12II22G11, is also 
present, and this after purification melted at 
165°-168°. 

Cotton and woollen fabrics can be dyed a dull 
yellow colour by mere immersion m a boilmg 
extract of Toon flowers. This, however, is not 
permanent, and is removed, although much more 
quickly from cotton than wool, by the action 
of soap or d.lute alkali. Better results are 
obtained by the employment of mordants, and 
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the following shades were obtained with mor 
danted woollen cloth : — 

Chromium Aluminium Tin Iron 

Dull brownish- Full golden- Bright Dull 

yellow. yellow, yellow olive-brown. 

During these operations, nycanthm or its 
glucoside apparently plays no part, and the 
colours obtained are due to the Havone gliico- 
sides present Not only the flowers but the seeds 
of the Cedrela toowi are stated to give a red dye 

A. G. P. 

CEDRIRET. A substance found in wood- 
tar by Reichenbach and recognised by Liebei- 
mann as a qumone-like substance and termed by 
him ccernlignone. Hofmann showed that it was 
tetramethoxy diphenyl qumonc, formed by the 
oxidation of pyrogallol dimethyl ether {v Ccertt- 
LiQNONE and Quinones) 

CELERY. Aptmnqravcolens The blanched 
stems are used for food 

The composition, as given by American 
aiitilysos, is • 

Water Pic>teiii Kat Carbohydrates Ash 
94 4 1 4 0 1 3 0 1 1 

A more detailed analysis is given by Church 
(Foods, 1889) 

Starch and 

Watei Pioteiu mucilage Sugar CelIulo<^e Ash 
93 3 1 1 1 0 2 0 0 9 0 8 

Mannitol is one of the chief carbohydrate 
constituents Asparagine (about 0 5 pc) and 
tyrosine, are among the nitrogenous con- 
stituents (Bamberger and Landsiedl, Monatsh 
1901, 25, 1030). 

The chaiacteiistic odoui and flavour of 
celery are due to an essential oil, which, accord- 
ing to Ciamician and Silber (Ber 29, 1799 , 1897, 
30, 492, 1419), consists of a terpcnc, probably 
(Ji-,H 24 , and two acid bodies, sedanome acid 
CO 2 H OgHj^'CO O 4 H 9 and sedfmohe acid 

CO 2 H CeHs <^'H(0H) C4H2 
die anhydride ( Qf ^^e 

former and the lactone 

Df the latter appear to be the constituents upon 
which the smell of the celery depend Palmitic 
ACid and a phenohe substance arc also present. 

H. 1 

CELERY OIL v. Oils, Essential 
CELESTINE BLUE v Oxazine dyestuffs 
CELESTITE or Celestine. Native stron- 
tium sulphate (!SrS 04 ), forming orthorhombic 
crystals isomorphous with barytes (BaS 04 ) 
The crystals are colourless or yellowish, but 
sometimes they show a pale tinge of sky-blue, 
and on this account the mineral receives its 
name. The mmeral is often very like barytes 
111 appearance, and it is also heavy (sp gr 3 9 , 
of barytes, 4*6) , it is most readily distinguished 
by the colour the powdered mineral moistened 
with hydrochloric acid imparts to the Bunsen 
flame. Numerous finely crystallised specimens 
have been found m the led marls of Triassic age 
in the neighbourhood of Bristol, and in the 
aulphur-mmes near Girgenti m Sicily. Deposits 
celestite occur m beds of Cretaceous age over 
a. very wide area m Russian Turkestan ; and 
the mmeral is found also in Baluchistan. The 


largest crystals, measurmg a foot across, are 
from a cave m hmestone on Strontian Island, 
Lake Erie, Ohio. Workable deposits are mmed 
m Arizona and Cahfornia. The mmeral is dug 
in numerous shallow pits m Gloucestershire and 
Somersetshire, the production amounting to 
about 20,000 tons per annum, valued at about 
IZ pel ton Most of this was exported to 
Germany, whore in the form of strontium 
hydroxide, it was used m the refining of beet- 
sugai 1 1 is also converted into strontium 
nit I ate foi making red lire in pyrotechny. For 
details respecting the British occurrences, see 
Special Reports on the Mmeral Resources of 
Great Britain, vol 111 . (Mem Geol Survey), 
1915, 2nd ed 1918 L. J. S. 

CELLOIDIN. Tiade name for a purified 
form of pyroxylin. 

CELLOSE (CELLOBIOSE) v. Carbohy- 
drates. 

CELLOTROPIN. Trade name toi benzoic 
ester of arbiitm 

CELLULASE v Enzymes 

CELLULOID [Pyroxylin Plastic) is a colloid 
composed of soluble lutrocellulobc, approaching 
C 42 Hi 6 (N 02 ) 40 io in composition, together with 
camphor It is obtained by gelatinising nitro- 
cellulose by means of a solution of camphor in 
ethyl alcohol 01 a similar menstruum. The 
word ‘ celluloid ’ is a registered trade-mark m 
the United States The substance was first 
produced by Alexander Parkes, of Birmingham, 
m England, under the name of ‘ Parkesme.’ 
Parkes was succeeded by Daniel Spill, of 
Hackney, London, who adopted the name of 
‘ Xylonite,’ under which name it is still well 
known m Croat Britain Other tiade names are 
Fiberoid, Py-ra-lin, \bscoloid, &c Great im- 
Iirovements in the manufacture, especially in 
mechanical features, were made by John W. 
Hyatt, of Newark, N J , U S A., and the material 
fiist became a commercial success m the United 
States. 

The nitrocellulose employed is preferably 
made from tissue paper by subjecting it foi 
20 minutes or longer to the action of a bath of 
mixed sulphuiic and nitiic acids containing 
1 9-20 p e of water, at a temperature of 30° or 
raoie The resulting nitrocellulose is thoroughly 
washed with water to fiee it from acids, and 
bleached The suiplus water is then removed 

The nitrocellulose is then mixed with alcohol, 
camphoi, and if necessary, pigments and fillers, 
and thoioughly mcoiporated in a kneadmg 
machine IVanspareiit mateiial receives a small 
percentage of urea as a stabilizer The dough- 
like mass IS worked and formed mto sheets 
betwwn slightly heated rolls These sheets 
are consolidated in hydraulic piesses heated to 
about 75°C. into a solid cake, from which after 
cooling sheets of the desiied thickness are cut , 
01 the mass taken fiom the rolls is placed in a 
heated cylindrical hydraulic pi ess, provided 
With suitable nozzles and dies, from which it 
emerges in the shape of tubes, rods, or the hke, 
of any desired cross-section Rods may also be 
made out of the solid cake previously mentioned, 
by forcing a cutting tool through it. All this 
material has to be freed from its excess of solvent, 
and IS seasoned m rooms, heated to 30°, where it 
IS kept for a period of days, weeks, or months, 
according to thickness. The camphor solvent 
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usually employed is denatured alcohol, owmg to 
the fiscal policy of the countries concerned, but 
wood alcohol, pure gram alcohol, and a mixture 
of one or both of them with fusel oil, or its various 
constituents, have also been widely used Owmg 
to the great fluctuations m the jirico of camphor 
m recent years, the attempts to make this sub- 
stance synthetically, and to find a substitute for 
it, have been pursued with vigoui. Synthetic 
camphor m commercial quantities is an ac- 
complished fact, and is the equivalent of the 
natural jiroduct The search for substitutes was 
begun m the early eighties , the most suitable 
found so far being acid deiivatives of aromatic 
amines. 

Celluloid IS coloured by means of mmeial 
colours, lakes, and coal-tar dyes, to reproduce the 
appearance of some more expensive substances, 
such as ivory, tortoise-shell, leather, coral, 
amber, &c , or to rejilace glass m the manufac- 
ture of articles m which brittleness is a serious 
disadvantage. A special variety of celluloid 
IS used m the manufacture of cmematogiaiih 
film This contams a higher proportion of 
nitrocellulose than ordmary celluloid, and the 
nitrocellulose is more highly nitrated. 

Celluloid, while highly mflammable, is non- 
cxplosivo under any conditions to wliicli it may 
be subjected in the work of cuttmg, turning, or 
moulding, or indeed undei any normal con- 
ditions Its specilic gravity vanes with its 
composition. It is about i*3o for the unpig- 
mented material. 

Celluloid IS plastic at a temperature of 75°, 
and m practice it is usually softened m boiling 
water or on a steam table pieparatory to mould- 
mg This pioperty of turnmg plastic at com- 
paratively low temperatures, and its hardness 
and elasticity at ordinary tempeiatures, as well 
as its resistance to the action of watei, dilute 
acids and many other agents, constitute its 
great technical value It is used extensively m 
the manufacture of combs, and other toilet 
articles, knife handles, piano keys, collars, toys, 
and for a great variety of other pui poses 

A relatively less important bianch of the 
celluloid industry is concerned with the manu- 
facture of artihciaJ leather by spreadmg a 
solution of celluloid on fabric Celluloid solu- 
tions are also used in the manufacture of patent 
leather, and for metal lacquers, wood enamels, 
incandescent mantle dips, and a variety of other 
purposes where a quick drying water-proof 
transparent or pigmented coating is required, 
which may be either hard or flexible 

For a method of analysmg celluloid, .see 
Herv5, Caoutchouc et Cutta Percha, 1918, 15, 
9601 ; J Soc. Chem Ind. 1918, 686 A. 

J N G. 

CELLULOSE, considered physiologically, is 
the mam product of vegetable life It is the 
preponderatmg constituent of all vegetable 
tissues, and essential to the cell as the structural 
unit. For while the synthesising activity of the 
cell is identified with its protojilasraic contents, 
its mam function is the building up of non- 
mtrogenous substances, of which cellulose is 
the chief , elaboration of cellulose, m fact, is 
synonymous with growth. As an organic 
product it 18 known to us m the specialised and 
diversified forms of plant structures, which are 
employed m mdustnes cither in their onginal 


form or after ticatmeut for separation of their 
fibrous components. 

Cellulose is the basis of our staple textile and 
paper-making industries, and, when modified by 
various chemical treatments, of modern high 
explosives, ‘ celluloid ’ products and ‘ artificial 
silk ’ 

Cellulose, as a component of vegetable food- 
stulls, and m connection with agriculture, is 
economically important, and is a dominant 
factoi of the cycle of piocesses, organically 
mteidejiendcnt, of the vegetable and animal 
worlds. 

By cellulose, as a chemical individual, we 
undei stand usually the residue from the exhaus- 
tive alternate ticatment of vegetable tissues 
with alkaline solvents and weak oxidants. 
Generally, no cellulose is isolated on the laige 
scale except as the rt'sult of a chemical ticatment, 
more or less drastic, of fibious raw mateiials ; 
and all that we know of cellulose as a chemical 
individual results from the study of products so 
obtained The typical cellulose is the substance 
of bleached cotton, the bleachmg process such 
as above described removing the substances 
other than cellulose With which it is associated 
m the plant. So obtamed, it is a white sub- 
stance, tianslucent when viewed under the 
micioscope, but moie or less 02Jaque m the mass. 
This ajipiaiame is a consequence of the peculiai 
foim ol the cotton fibre, a flat tlim-vv ailed tube, 
the fibrillae of which are membranously disposed. 

The following brief outline of tlie siiecial 
chemistiy of cellulose necessaiily xnecedes an 
aciount of its industiial ajjiilicatioiis, so fai as 
they involve chemical pimcqiles or jiioccsses of 
treatment 

Cellulose — Gcneially, the non-mtiogenous 
skeleton of plant stiuctuics Tyiie the fibre 
substance of cotton, freed fiom associated 
‘ inqjurities ’ by ^iroccsses of (1) alkaline hydroly- 
sis and oxidation (bleachmg) , (2) digestion with 
hydrofluoiic and h;y diochlonc acids, to remove 
mineral impurity or ash constituents 

Corn 2 > 06 ition — Klemeiitaiy C 44 4, H,62; 
0, t9 4 , whence the emjiiiical foi inula, CgHioG5 

('onMution . — By solution m sulphuiic acid 
as disiiljihuric ester n [CjHg0j(S04H)2j and 
ultimate hydiolysis, the colloidal aggregate is 
re.solved with formation of dextiose m largo 
proportion (Flechsig Zcitsch physiol Chem. 7, 
52.3) The identity 

[n CgHioOsl -f-r^ CeHigOe 

which has been assumed, has not been venfaed 
experimentally , a maximum yield of 90-100 p c. 
dextrose [theory, lllllj, but only mdiiectly 
estimated and aocomjjanied by acid products, 
leaves the problem unde tei mined (Ost and 
Wilkening , Chem. Zeit 34, 461) See also 
recent critical discussions (Chem. Soc. Trans. 
1918, M. Cunningham . Cross and Bevan). 
Cellulose is thus variously regarded . 

1 As a polyhexose anhydride,, (a) aldose, 
(A. G. Green, Zeitsch. Farb. Chem. 3, 97), (b) 
ketose (Fenton ; Cioss and Bevan, Chem. Soc. 
Trans. 82, 361, 366). 

2. As a polycyclohexane derivative , this 
view 18 based on further considerations of density 
and molecular volume (Cross and Bevan, Ber. 
1909, 42, 2198. , 

3. As an essentially labile aggregate, that is 
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of variable constitution or configuration, vary- 
ing according to the action of reagents (Cross 
and Bevan, Chem. Soc. Trans. 85 ; Cellulose 
Researches, ii 1905). 

Cellulose and water. — Hydration Constitu- 

tional water is retained by cellulose in the air- 
dry condition Cotton holds 0-8 p c , varying 
with temperature and moisture of atmosphere 
Cotton which has been hydrated by treatment 
with alkalis (rnercerisation) or solvents (infra) 
or by prolonged attrition in presence of water, 
shows an increased capacity for moisture when 
air-dry, and retains 9-11 ji c Conversely, the 
action of condensing acids (HCl,HBi) produces 
modified aggregates (‘hydrocellulose’) with a 
lower capacity (11-5 p c.) Cellulose separated 
from its solutions, or regenerated from its 
denvatives by the action of reagents, shows a 
maximum hydration capacity ; the colloidal or 
gelatinous hydrates having the composition (in 
contact with water at ordinary temperatures) 
Cellulose 20-10 pc. 

Water . 80-90 „ 

Cellulose and solvents — Insoluble m all 
neutral solvent liquids, cellulose is dissolved by . 

1. Concentrated solutions of zinc chloride 
(40-50 p c ZnClg), on heating at 80°-100° , when 
previously hydrated, at lower temperatures. 

2 Solution of zinc chloride in twice its weight 
of HCl Aq (35 p c HCl) ♦ this reagent rapidly 
attacks and resolves the aggregate. Aqueous 
hydrochloric acid of maximum concentration 
(5>40 p e H(d) acts similarly (Wilstatter, 
Berl. Ber 46 (1912) 210) but with fixation of 
negative groups (Cl) m stable union with the 
products (M Cunningham, Trans Cliem Boc Ic). 

3. Solutions of cuprammonuim hydrate con- 
taining * 

Cu, as CuO WH2O . . 2 5-3 5 p c 
NH3 (as NII4OH) . 15 pc 

Ethylene-diamino-cupiic solutions act more 
powerfully (W Traube, Berl Ber. 44, 3319 
(1911)) 

From solutions 1 and 3, the cellulose may bo 
recovered quantitatively, but as a hydrate and 
othenviso modified in constitution 

4 Concentrated solutions of certain metallic 
sulphooyamdes at high temperatures, 120°- 140°. 

Titaclion^ — The above reactions resulting in 
solution of the cellulose are characteristic ; 
otherwise it is exceptionally non reactive By 
dilute solutions of iodine, m presence of certain 
dehydrating agents, it is eoloured blue 

Cellulose compounds A. Synthetical 
derivatives. Esters. 

(a) Nitrates. By diiect reaction with nitiic 
acid, usually in presence of sulphuric acid, m 
which case unstable mixed esters are formed as 
a stage in the reaction, the NO3 displacing the 
SO4H residues (Cross, Bevan and Jenks, Berl. 
Ber. 34 (1902) 3496) The esters are formed 
without sensible structural modifications They 
are purified from residual 8O4H by prolonged 
boiling with water, and are then ‘ stable.’ A 
series of these esters is known, the highest 
approximating to the trinitrate (Cg) (gun-cotton) ; 
the intermediate terms — dmitrate — being soluble 
in ether-alcohol (collodion cotton), the lowest 
having physical properties but little different 
trom the original cellulose. 

These esters are variously formulated as 


nitrates of a reactive unit of C^— C,2-C24 
dimensions. 

Solve'iUs. — ^The special solvents of these esteis 
are acetone, ether-alcohol, nitrobenzene. 

A diveisified range of solvents is enumerated 
in a paper by H. de Mosenthal (J 80c. Chem. 
Ind. 1907) 

Saponification. — By ceitam alkaline and 
reducing agents (alkaline sulphydrates) the nitric 
groups arc eliminated and cellulose regenerated. 

(h) Acetates. By leaction with acetic anhy- 
diide under various conditions. (1) at 110°. 
direct formation of monoacetate (Cj) insoluble 
in all neutral solvents and in the solvents of 
cellulose (2) At 140°-160° • foiniation of higher 
acetates, attended by solution in the leaction 
mixture (3) In presence of catalytic agents 
(Zn(d2--H2^^4~Il3P04) at intermediate tem- 
peiatures , H2BO4 determines reaction at 25°-30° 
The extieme products are mixtures of tri- and 
highei acetates (4) When the reaction mix- 
tuies arc diluted with hydrocarbon, the fibrous 
cellulose may be acetylated without solution or 
visible structural change 

Industrially important acetates are the 
acetone soluble esters Cj^H^gOg OAcg produced 
by acetylation with mixtuies of AcgO and H2S()4. 
These are the basis of aeroplane varnish-dopes 

SoJr< )}(s oi the liighci aietates, are chloro- 
foim, a< 1 torus pbenoi 

For an exhaustive account of the industrially 
important types, see E C Worden, J Soc 
Chem, Ind 1919. 

Saponification — The acetyl groups may be 
lemoved bv boiling with alkaline solutions, the 
cellulose being i (‘generated In quantitative 
determinations tlu‘ saponification may be 
effected by boiling with normal sodium hydroxide 
diluted with an eipial volume of alcohol 

(c) F 01 mates — Cellulose and formic acid inter- 
act at 60°- 100° , in presence of catalysts the 
reaction proceeds to complete solution The 
limit of esteriheation appears to be the diformate 
(Cg), but the product is unstable, decomposing 
spontaneously with liberation of foirnic acid 
(1 mol ). The reactions are not those of simple 
ester (anhydride) formation ; the celluloses in 
reaction appear to undergo constitutional change 
(Cross ami Bevan, J Chem Soc Ind 1911, 99, 
1450 , Berl and Smith, Berl Ber 1907, 40, 906 , 
Woodbridge, J. Amer Chem Soc 1909, 31, 
1067, Dewing, 1911,33,1179) 

(d) Acid -sulphuric esters By the action of 
sulphuric acid an extended series of esteis is 
foimed, which have been described as cellulose 
sulphuiic acids But they aie certainly deriva- 
tives of products of resolution. The first stage 
results m the formation of a disulphunc ester 
C8H803(S04H)2, but its relationship to the 
parent complex is doubtful. The ester is soluble 
in water , the Ca, Ba, and Pb salts are insoluble 
in alcohol By progressive hydrolysis the 
cellulose is ultimately resolved m the direction 
of dextrose (see M. Cunningham and Cross and 
Bevan, l.c ). 

(e) Aceto-sulpliates and mixed esters^ con 
taining the SO4H residues associated with 
acetyl and other negative groups in combina- 
tion, are obtained when sulphuric acid is allowed 
to act under regulated comfitions simultaneously 
wilh other esterifying agents. Thus a mixture 
of acetic anhydride (50 parts), glacial acetic acid 
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(50 parte), and sulphuric acid (4-6 parts), acts 
rapidly at 30°-40°. The first product appears 
to be a neutral body of the empirical formula 

and under the action of water to undergo an 
internal hydrolysis, the SO 4 group becoming 
SO4H, which forms a stable combination with 
bases The Mg, Ca, Zn salts are insoluble in 
water, but soluble in acetone 

(/) Benzoates result from the action of benzoyl 
chloride in presence of alkaline hydroxides A 
monobonzoate (C«) is obtained by treating 
cellulose with a solution of sodium hydroxide 
of 10 p c. (NaOH) strength, and shaking with 
benzoyl chloride This benzoate is formed wiili 
only slight structural change. The dibenzoate 
(Og) 18 obtained by the interaction of benzoyl 
chloride and alkali cellulose (merceiised cotton) 
m presence of sodium hydroxide solution (15 p c 
NaOH) Its formation is attended by structural 
change ; the fibrous cellulose is disintegrated, 
the dibenzoate being an amorphous substance 
The dibenzoate is soluble in acetic acid and 
chloroform 

Mixed esters, containing the benzoyl and 
nitnc residues, result from the action of nitric 
acid upon the benzoates Simultaneously a 
nitro- group enters the benzoyl residue. 

Alkali cdlvlo^e The fibrous cellulose under- 
goes considerable structural modification undei 
the action of solutions of sodium hydroxide of 1 
12-15 pc NaOH These reaction® and phe- 
nomena were first stuaicd by Mercer They are 
the basis of the process of mercerisaiion {q v ) 
under which cotton-yarn and cloth assume a 
special lustre and silky finish. There is a 
definite synthetical reaction in the ratio 
CgHioOg • 2NaOH, which is a stage in the for- 
mation of the dibenzoate {snpia) 

The compound is completely dissociated by 
water ; by treatment with alcohol an equilibrium 
18 reached when the reagents are associated in 
the ratio GigHsoOio • NaOH 

The alkali-cellulose hydrate, of composition * 

Cellulose . . 301 cellulose • sodium hydrate 
Sodium hydrate 15 CeH^oO^ 2NaOH 
Water . . 5.5 ) 

is the first stage in the synthesis of 

Cellulose xanthogenic acid, which results from 
the interaction of the alkali cellulose and carbon 
disulphide at ordmarv temperatures The 
sodium salt is soluble m water. It is an un- 
stable compound, the solution undergoing 
spontaneous progressiye change. The solution, 
which 18 highly colloidal, finally solidifies By 
means of the characteristic reaction of the 
xanthates with iodine 



= ?NaT+CS<r" ^^~^^ ^CS I 

the progress of the change may be followed, the I 
essential feature being the elimination of the I 
GSj residues with reaggregation of the cellulose j 
units Well-marked stages in the series occur | 
at the points denoted by the empirical formulae I 
OiaHi.OaGSSNa, G,4H390ie GSSNa. The former 
represents an equilibrium attamed after the 
solution has remained for some hours at the 
ordinary temperature ; the latter is reached in 1 


from three to four days. The cellulose undei the 
reaction acquires a more acid character, an 
additional OH group combining with alkab. 
The lower terms of the senes, e.q. G48H79O38. 
G8SNA, though insoluble in w’ater or dilute 
salme solutions, are dissolved by the addition of 
sodium hydroxide The sodium atom in combina- 
tion with the GSS residue is not attacked by 
weak acids such as acetic acid By double 
decomposition with soluble salts of Gu, Zn, &c , 
the corresponding xanthates are produced as 
insoluble colloidal precipitates. 

In the above reactions the cellulose aggregate 
IS maintained , the solutions of the derivatives 
are viscous and colloidal , but in the following 

B Reactions of decomposition, which are 
determined by hydrolytic and oxidising agents, 
the directions of resolution aie extremely various, 
and the relationships of the products to the 
original aggregate aie undetermined 

(a) Sulphuric acid dissolves the cellulose as 
a disulphuric ester , but decomposition attends 
the reaction, and on diluting and boiling, the 
hydrolysis is cairied to the extreme molecular 
limit, the final product being dextrose {supra) ; 
but the reactions are not simple as generally 
stated , they are complicated by relatively 
stable union of the SO4H with the resolved 
cellulose ‘ residues,’ and by tendency to reversion 
or condensation 

(b) Hydrobromic ax^id in ethereal solution 
attacks the cellulose profoundly with production 
of brora-methyl furfural ’The formation of this 
compound indicates a previous or mtcrmccbate 
stage in which the products of resolution are 
molecular ketonic bodies of carbohydrate con- 
stitution (Fenton, Ghom Soc Trans 1901,361). 

(c) Hydrochloric acidf in presence of water, 
dilute sulphuric acid, and acids generally, attacks 
the cellulose aggregate with production of a 
variety of derivatives (1) Insoluble: these 
arc generally termed ‘ hydrocelluloses ’ They are 
disintegrated residues of the original fibres , 
they differ chemically from the parent aggregate 
in the presence of free aldehydic groups, and in 
readily yielding to the action of alkalis (2) 
Soluble molecular products, chiefiy dextnnes and 
dextrose. 

{d) Alkaline hydroxides and alkalis generally 
' in the form of dilute solutions have little ap- 
parent action on cellulose — even when treated 
at elevated temperatures Sodium hydroxide m 
solutions of concentrations of 12 p c. NaOH and 
upwards, combines with the cellulose, producing 
profound structural modifications (mercerisa- 
tion), but without resolving the aggregate. 

At higher concentration and temperature 
the cellulose is pa^^tially dissolved ; but even 
under the conditions of a ‘ fusion ’ at 180° the 
resolution is limited to the conversion into alkali 
soluble modifications, which are precipitated m 
the colloidal form on diluting and acidifying. At 
higher temperatures (250°) and with larger pro- 
jiortions of the alkaline hydroxides, the cellulose 
is resolved into acid products of low molecular 
weight, chiefly acetic acid and oxalic acid 

(p) Oxidants. The directions of oxidation of 
cellulose are likewise extremely diversified. 
The aggregate manifests considerable resistance 
to alkaline oxidants m dilute form, e g. solutions 
of the hypochlorites, permanganates ; but when 
the^lxmit is passed the oxidations which result 
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'are drastic m the sense that the soluble products 
are of low molecular weight, chiefly carbonic and 
oxahc acids. The insoluble fibrous residues, 
more or less disintegrated, are known as oxycel- 
luloses. They contain free aldchydic groups, 
are easily attacked by hydrolysing agents, and 
on boiling with hydrochloric acid (1 Ofl bp gr ) 
are decomposed with production of some 
furfural 

Resolved by the action of concentrated solu- 
tions of the hypochloriteSy cellulose yields chloro- 
form and carbon tetrachloiides The hypo- 
bromite^ give the corresponding bromine 
derivatives ^litrio acid (1 2 ‘‘j sp gr ) at SO^-lOO*^, 
converts cellulose into a series of ‘ oxycclluloses,’ 
which arc resolved on boiling with calcium 
hydroxide into acid products, among which 
^5osaccharlnl(; and dioxybutync acids have been 
identified, in the oiigmal oxidation small 
quantities of the higher dibasic acids — 
saochaiic and taitanc acids — are pioduced, but 
the main products aie oxalic and carbonic acids 

With chromic acid an endless senes of oxida- 
tions may bo effected, the degree of action 
depending upon the proportion of the active 
oxidant and the associated hydrolytic action of 
mineral acids The oxycHlulosos produced are 
distinguished by relatively large x ields of furfural 
when decomiiosed by boibng HClAq ( I Ofi sp gr ) 
In presence of sulphuric acid there ensues 
complete combustion, and the reaction is the 
basis of quantitative analytical methods. 

(/) Resolution hy ferment ad ions Undei 
the actions of specific organisms the cellulose 
complex IS totally resolved, the mam products 
being methane, hydrogen, and carbonic and 
fatty acids The decomposition may be associ- 
ated with the action of an enzyme , but a 
remarkable featuie of the proces« is the absence 
of mtermediato products, at least m the cases 
hitherto investigated In the digestive tract of 
the herbivoia, cellulose is resolved, and from the 
investigation of the process, necessarily by 
indirect observations, it appears that, m addition 
to a destructive resolution to ultimate ga-seous 
products, there occurs a resolution to proximate 
groups of high nutritive value, which are assimi- 
lated by the animal organism 

(</) Resolution hy heat • destructive distillation 
Cellulose heated at 100°-120° is dehydrated : 
at 150° decomposition is evidenced by change of 
colour. At this early phase maltol appears to 
be formed The decompositions of cellulose at 
temperatures exceeding 250° are necessarily 
extremely complex 

The groups of products show an average 
proportion : 


Solid 30 p.c. 

Liquid 60 p.c. 

Charcoal or 

Containing acetic 

pseudo-car- 

acid(2p c.), methyl 

bon 

alcohol (7 p.c.), 


acetone, furfural 


(12 p.c.) 


Gaseous 20 p.c. 


Chiefly 
CO and CO, 


the actual proportions and composition of these 
mixtures varying with the temperature and 
juration of their heating 

By ‘dry’ distillation in va^ud of cellulose 


(and starch) large yields of Ifcvoglucosan are 
obtained. Pictet and Sarasm, Compt Rend. 
166 (1918) 28. 

General view of the decompositions of 
cellulose. It is clear that the cellulose complex 
breaks down under desti active influences, in 
directions depending upon the nature of the 
attacking agent, its concentration, and all the 
surrounding physical conditions The study of 
these decompositions has thrown but little light 
on the actual nature and constitution of the 
cellulose aggregate , for the reason, perhaps, that 
wo have endeavoured to mamtam a basis of 
mterpietation such as is applicable to oidinary 
molecular compounds or comjilexcs. Cellulose 
is a typical amphoteric colloid its reactions with 
hydrolytic reagents suggest many points of 
analogy with the state of a complex salt in 
solution (in water) Its component groups of 
unknown, but possibly small dimensions, appear 
to exist undei a certain internal stress which 
determines migrations of H and OH under 
reaction. While, therefore, we have reduced the 
leactions of cellulose to a short systematic 
expression, it is clear that the mam aspect of 
the subject cannot effectually be so treated, 
because it involves as theoretical basis the 
actual state of matter and the dimensions 
and distribution of the reactive unit-groups in 
the cellulose complex , and this basis is, as yet, 
largely undetermined (.see Cross and Bevan, 
Cellulose Roseaiches, 1905, 1910) 

The cellulose group. From the typical 
cellulose wo pass to the diversified group of 
celluloses Then general characU^nstics are 
those of the prototype , the variations they 
present are especially such as involve the unde- 
termmed factors of constitution With these 
theie aio ceitam correlative vaiiations which 
afford an cinpiiical basis of classification. These 
are (a) the degree of resistance to hydrolytic 
and to oxidising agents , (5) the peicentage 

yield of furfural when decomposed by boiling 
IlClAq , (e) elementary composition, in respect 
of the ratio C O 

The fibrous celluloses are giouped as follows • 


Type 


Hygroscopic 
moisture 
Elementary 
composition 
C O 
Furfural 
Other cha- 
racteristics 


Cotton 

sub-group 

A. 

Bleached 

cotton. 


6-8 p c. 

44 0-44 4 
50 0 

0 1-0 4 
No active 
CO groups 


j Wood 
! cellulose 
sub-group 
I B 
! Jute 

I cellulose. 


I 9-11 p c 
i 43 0-43 6 
j 610 

3 0-6 0 
j Some free 
i CO groups 


Cereal 

cellulose 

sub-group 

Straw 

cellulose 


9-12 p c 

43 5-44 5 
52-50 

12 0-15*0 
Variable 
reactivity of 
CO groups. 


See Esparto Cellulose and the Problem of 
Constitution : Cross and Bevan, Chem. Soc. 
Trans. 113 (1918) 182. 

Of these groups the foUowmg pomts may be 
noted . — 

A. Comprises, in addition to cotton, other 
industrially important celluloses, e.g flax, hemp, 
and rhea. They occur in the plant-world in 
association with compounds easily removed by 
the action of alkahs. They pass through the 



112 


CELLULOSE. 


cycle of reactions involved in their solution as 
xanthatcs, without hydrolysis to soluble deriva- 
tives 

B Those celluloses are obtained as products 
of decomposition of a compound cellulose They 
may be regarded as partially hydrated or hy- 
drolysed. They are more readilv attacked by 
hydrolysing agents and, in thexanthate reactions, 
are partially resolved to alkali -soluble, derivatives. 

C These celluloses aio in most eases a 
complex of structural elements, and not homo- 
geneous chemically They are still less resistant 
than the preceding group, and more especially 
the furfural -yielding components, which are 
selectively attacked under certain conditions 

The cellulose groups, as above, pass by 
imperceptible giadations into a heterogeneous 
class of natural products, which, whde possessing 
some of the characteristics of the celluloses 
proper, ate so readily resolved by hydrolytic 
treatment that they must represent a very 
different constitutional type or types To this 
group of complex carbohydrates the class-name 
liptmcellulo^e has been assigned They are 
structurally different from the fibrous celluloses, 
occurring mostly m the cellular form (paren- 
chyma, &c ) They differ in physiological 
function, and in being readily resolved by 
hydrolysis into the crystalline monoscs 

The foregoing will enable us to group 

the industrial and manufacturing apjilicaiions of 
cellulose m reference to first principles as 
follows . — 

General. — The uses of the fibrous celluloses, 
more particularly of cotton and the cotton group, 
in which we may include flax, hemp, and ramie, 
depend, apart from the primary condition of 
length of ultimate fibre, upon the extreme 
chemical resistance of the fibre substance, which 
is a function both of the constitution of the 
ultimate groups and of their mode of umon to 
constitute the aggregate itself 

Insensitiveness to oxidation is an obvious 
condition of such stability as is required for 
textile fabrics and paper, and, as evidence of 
resistance to atmospheric oxygen, we have the 
fact that flax and cotton fabiics and papers 
composed of these fibres have been handed down 
to us from antiquity, with little change Next 
in order of importance is resistance to water 
and alkaline hydrolysis. This resistance enables 
textile fabrics to withstand penodical cleansing 
or laundrymg. in which alkalis are the prmcipal 
agents. In the purifymg of textile fabrics by 
the bleachmg processes and the preparation of 
paper pulps, the same negative qualities are of 
first importance. 

Textiles are subjected to severe processes of 
alkali treatment, and to the action of bleaching 
agents, such as hypochlorites, without evident 
chemical or structural modification. 

On the other hand, there is a hmit of the 
resistance to oxidation, and any undue action of 
the ordmary bleachmg solutions leads to the 
formation of ‘ oxycellulose,’ and structural 
weakening as an attendant result. 

While extiemely resistant to alkalis, the 
celluloses are sensitive to acids, and here again 
in bleachmg, finishing, and dyemg processes, 
the mcidental acid treatments require careful 
adaptation to the limit of sensitivene^ of the 
cellulose. 


Special. — Constitutional moisture and hy- 
dration effects These involve a range of pheno- 
mena of obvious mdustiial importance. The 
normal moisture of cellulose has to be taken 
into account m the finishing of textiles, and 
their package for shipment The condition of the 
fibies as regards hydration, of which the capacity 
for combining with atmospheric- moisture is an 
index, directly affects the finishing processes 
which are chiefly the mechanical operations of 
mangling, calendering, and beetling. 

The further hydration of the celluloses which 
takes place m the beating operations of the 
papermaker is of considerable practical im- 
poitancc, and affect the quality and character 
of the papers m a vciy great degree 

Cellulose and ash couMuents, The normal 
ash of the (clluloso of the cotton group is small 
ill proportion, and we are not able to affirm that 
those inorganic constituents have any detei min- 
ing relationship to the constitution of celluloses, 
though this IS an accejited probability. 

It IS a problem for colloidal chemistry to 
establish this lelationsliip in specific terms. 
Industi 1.1,1 ly, the question aijses only with legard 
to the aggregate. 

Thus ill the purest foun of cellulose requiied 
as filter papei for the quantitative sepal a- 
tions by cliemists, it is of irnpoitarieo that 
the a.sh components should be reduced to a 
minimum 

Tins minimum of 0 05 pc. by weight, is 
attained by digesting the cellulose with hydro- 
fluoric acid and hydrochloric acid, and thoroughly 
washmg the papei in pure w.itcr. 

Pure unsized cellulose paper thus treated 
constitutes the well-known ‘ Swedish ’ paper, 
80 called from its country of origin, but now 
produced in this country and other centres 

Gollulose as a typical colloid enters into 
I charactenstic combinations with inorganic 
[ oxides, and this property is an important basis 
of the processes of the dyei and printer. 

Oxides of the polyvalent metals, notably of 
aluminium, chromium, iron, tin, and lead, are 
taken up by the celluloses from solutions of 
their salts, and the cellulose tlms mordanted 
has mcreased special affinities lor colouring 
matters 

A more Siiecial industrial application of this 
property is the method for making the mantle, 
now m common use for mtensitying coal-gas 
illumination (Aucr-Welsbach). The colloidal 
oxides of thorium and cenum in suitable pro- 
portions are fixed upon cellulose fabrics, 
which are then diied and ignited. The result 
IS an inorganic skeleton of the original fabric, 
prepared in any desired form, and composed of 
the oxides in question 

The particular form fulfils the conditions of 
maximum illuminating surface, together with 
the desired degree of mechanical resistance to 
stand shock and wear and teai under the par- 
ticular conditions of enqiloyment 

Cellulose and solvents It is m the solutions 
of cellulose or its derivatives that the particular 
properties of the cellulose aggregate are evident 

In the case of the aqueous solvents observa- 
tion shows that the cellulose, employed as fibre, 
passes through phases of progressive hydration 
with considerable distension until the final stage 
of homogeneouj structureless solution is reached. 
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The general character of the solutions is 
their high viscosity, which imposes a hmit of 
from 7 to 9 p.c. cellulose for solutions which 
require filtermg. 

The teclmical apphcations of these solutions 
depend upon the fact that the cellulose is 
brought into the plastic homogeneous stiueture- 
less condition, in which it may be formed or 
shaped at will, and m finally i everting to the 
solid state preseives its structural continuity 
through the successive phases of dehydration. 

The solution m zme chloride has been used 
for making threads to be carbomsed for electric 
incandescence lamps. 

The solution is forced through naiiow orifices 
into alcohol, which precipitates the cellulose as a 
transparent hydrated solid, retammg zme oxide 
(hydrate) in combination. The sohd hydrate is 
formed and manipulated m continuous length, 
and, when freed from zinc oxide and dried, is a 
structuieless cylinder of cellulose Heated out 
of contact with air, it is conveited into a ‘ pseudo- 
carbon,’ which constitutes the hlament in 
question. 

The solution of zinc chloride in hydrochloric 
acid has been employed for converting cellulose 
apera into a special agglomciatcd product or 
oard, which is used as an insulating material 
and for structural purposes The sheets oi webs 
of paper are treated with the solvent by immer- 
sion, and the material thus attacked is then 
welded into the composite fabric by means of 
the adliesioii of the viscous cellulose solution 
lesultmg from the attack. 

The composite sheets or webs so produced 
are finally compacted by pressure, and then 
exhaustively washed to remove the solvents 

Cu'prammoniurn There aie various indus- 
trial applications of this characteiistic solvent 
Textile materials are floated by passing through 
the solution The cellulose is attacked super - 
hcially, and under the pressure of rolls the 
gelatinised product is distributed uniformly . the 
fabric IS then dried. The fabric is thus coated 
with a varnish composed of cellulose and the 
hydrated copper oxide, of greenish colour which 
renders the fabric impervious to water and rot- 
proof. 

Papers are similarly treated , the sheets or 
webs bemg welded together under pressure 
These fabrics have been known for a number of 
years as the ‘ Willesden ’ waterproof fabrics. 

The most important industrial application of 
the solution is in the manufactuie of artificial 
cellulose threads, which are produced in various 
grades of fineness, and known as ‘ Artificial Silk,’ 

* Monofil ’ (Lustra Cellulose, Soie Artihcielle, 
Glan/stoff, Cnn). 

The process in its simplest form consists of 
the production of the solution by treating 
bleached cotton with the cuprammonium 
solvent, and filtermg through fine metal-wire 
cloth to remove incidental impurities 

The solution is projected through orifices of 
varymg diameter, according to the size of the 
threads to be produced, mto solutions which 
precipitate or coagulate the cellulose. 

The setting solutions are of two types, acid 
and alkaline. 

The cellulose is precipitated as a hydrated 
8oli§, in contmuous length, and is drawn forward 
at speeds varying from 20 to 60 metres per 
VoL II 
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mmute, according to the diameter of the thread 
and the conditions of the precipitation 

In the case of fine filaments, constitutmg 
artificial silk, several of the threads so produced 
are twisted together to form a comjiound filament 
or yarn suitable for weaving purj loses The 
products are dried under special conditions, to 
secure maximum lustre and elasticity 

Cellulose esters The application of the 
nitrates to high explosives is an application ol 
cellulose that stands apart and d(‘pcnds, of 
course, upon the fundamental chemistry of the 
product. 

The ratio of oxygen is such that the pioducts 
contain the elements for their complete conver- 
sion mto gaseous jiroducts when raised to the 
reactive temperatuie. 

The nitrates m the fibrous form in which 
they aie ijioduced, are explosives of the dis- 
ruptive or blasting type, and were exclusively 
so used for many years 

The type of explosion required for the pro- 
pulsion of jirojec tiles, is a restrained or graduated 
combustion, which is determined by a change of 
form of the nitrates These are convertible 
mto plastic modifications under the action ol 
their specific solvents, and in this state they may 
be formed or fawshioned into threads, cylmders, 
or sohds of any desired form or dimension The 
combustion of these structureless solids, m its 
aggregate explosive effect, may be made to fulfil 
any desired ballistic conditions 

The most interesting case is that of the 
employment of nitroglycerine, itself a high 
explosive, and the basis of dynamite, to reduce 
the cellulo‘?e nitrate, acting as a solvent, to the 
structureless condition. 

Mixtures of nitrocellulose and nitroglycerine, 
in suitable proportions, aie drawn to threads and 
constitute with certain admixtures the modem 
explosives cordito,ballistite,&c (.<?fe Explosives) 
The cellulose nitrates, tieated with neutral 
solvents and subjected to a process of milling, are 
lediiced to a sti uetureless plastic mass. This 
may bo refoimed into sohd substances which 
may be produced m any desired form or dimen- 
sion In sheets or film they constitute the basis 
or transparent carrier of photographic emulsions 
III solid form they are known as celluloid, 
xylonite, &c., and find endless apjilicaf-ions both 
useful and ornamental {v Celluloid). 

The solutions of nitrates in neutral solvents, 
such as cthcr-alcohol (collodion) er amylacetate, 
are used as varnishes and lacquers for various 
purposes 

The cellulose nitrates in ethoi -alcohol 
solution are employed industrially in the manu- 
facture of artificial silk 

This, m fact, was the pioneer invention ‘ of 
Chardonnet,’ and dates from 1883 The process 
of spinning consists m forcing the solution 
through capillary glass jets, either mto air 
(Chardonnet) or into water (Lohner). 

The thread is thus formed and obtamed as 
a nitrate, m which form it is twisted mto com- 
pound textile filaments, which aie reeled mto 
skems of yam. 

A process of sapomfieation for removing the 
nitric groups follows. This consists m digestmg 
the nitrate yam in solutions of ammonium- 
magnesium sulphydrates at ordmary tempera- 
tures. 


1 
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As a result of the cycle of operations, the 
demtrated cellulose is obtamed and constitutes 
the artificial silk of commerce. 

The xanthogenic esters of cellulose m 
aqueous solution (viscose) are the basis of the 
production of artificial textile fibres, and the 
viscose artificial silk has displaced the pioneer 
product as well as to a great extent the cupr- 
ammomum product (Glanzstoff) The manu- 
facturmg process comprises the following opera- 
tions - 

(1) Wood cellulose is converted into alkah- 
cellulose (hydrate). 

(2) Alter ageing, the product is treated with 
carbon disulphide m closed vessels 

(3) The xanthate is dissolved and filtered, 
and after ageing is projected through line 
apertures into acid solutions, which cause rapid 
decomposition and reversion to ‘ cellulose ’ 

(4) The rejirecipitated cellulose hydrate is 
dried and dehydrated under strain. 

For a full description, .see L P. Wilson, 
J. Soc Chem Ind. 1917, 817. 

Cellulose acetates are the analogues of the 
nitrates with the ladical distmction of being 
non-explosive, and, m fact, eminently stable 
compounds. 

By treatment with their special solvents, they 
are dissolved to homogeneous viscous solutions, 
and they may be fashioned into films and solids 
^ijs are the mtrates. 

So far the industrial apphcationsT of the 
acetates have been limited chiefly by the 
prohibitive costs of production 

One important apjilication, however, jno- 
duces results so very much sui gmena and m 
an arena where costs of production are a minor 
consideration, that it has led to extensive 
developments of the manufacture. Solutions 
of the acetate (0-8 pc) ni ‘ organic ’ solvent 
liquids constitute a viscous varmsh-dope, which 
when applied to a (stretched) fine textile, cotton 
or flax cloth, produces a considerable shrmkage, 
and this under strain, as on the wmg planes of 
the aeroplane, gives a taut, smooth surface, at 
the same time waterproofing the fabric and thus 
fulfiUmg the exacting technical specification of 
the effect required for these special and highly 
specialised structures. 

The acetate is also used as a varnish covei mg 
of fine wire used m electrical construction The 
acetate is a high msulator with exceptionally low 
mductive capacity. 

Cellulose acetate has already been spun to 
artificial silk and coarser textile threads, but 
there has been so far no industrial development 
of the processes 

The technical mterest of such a product is 
that it 18 employable as an ester, whereas the 
mtrate is entirely unsuitable, as such, for textile 
apphcations. 

Cellulose and alkalis {Mercerisation), The 
action of alkalme hydroxide m strong solution 
(15-20 p c. NaOH) upon cotton textiles, is the 
basis of a special mdustry. By converting the 
cotton fibre mto the modified form, cotton yams 
and fabrics are changed m appearance and 
acquire a silky lustre and touch. 

The goods to be ‘ mercerised ’ are passed 
through a solution of caustic soda m the cold. 
This produces the effect of considerable shrink- 
age accompanying the change of form and 


dimensions of the ultimate fibre, from a fiat 
membranous, to a thick-walled cylmdrical 
homogeneous tube. 

This shnnkage is resisted by placing the 
goods under the condition of mechanical stram, 
either during the process of alkalme treatment, 
or, after allowing the shrmkage to take place, 
the goods may be afterwards stretched to their 
origmal length. 

The fundamental observations which con- 
dition this process were made by J. Mercer 
(1850-18(50), but they remamed undeveloped 
until late m the century (1880-1890). 

The mdustry is now a considerable one, and 
13 to a certain extent uidependent of fashion 
{see Mercerising). 

Cellulose and sulphuric and. Whereas cellu- 
lose leacts with the more concentrated acids 
(H^S 04 — H 2 S 04 ,H 20 ) to form sulphuric esters, 
the acids of (57 0 to 78 0 pc H 2 SO 4 (appioxi- 
matelyH 2804 , 2 H 20 — n 2 SC) 4 , 3 H 20 ) hydrate, and 
dissolve the cellulose to a colloidal solution, from 
which, if immediately diluted, the cellulose is 
precipitated as a gelatinous hydrate (‘ Amyloid ’). 
These leactioiis are industrially applied in the 
prepaiation of ‘ ^larcliment papci,’ or ‘ vegetable 
parchment ’ A pure cellulose paper is passed 
through a bath of acid, and immediately, in 
contmuous length, mto water, which arrests the 
action of the acid and reiirccipitatos the cellu- 
lose superficially dissolved as a structureless 
colloid. After washing from the last traces of 
acid, the web of now parchmentised paper is 
dried under special conditions of strain to control 
the shrinkage of width (10-13 p c ), so as to 
maintain an oven surface and prevent deforma- 
tion To overcome the brittleness of the 
product, which would result from total drymg, 
it IS treated with solutions of neutral hygroscopic 
substances, such as glycerol or glucose, before 
passing on to the drying cylinders. A sufficient 
piopoition IS retained m the finished product to 
ensure a normal ‘ humidity.’ 

The total hydrolysis of cellulose to ferment- 
able ‘ sugars ’ IS effected by dissolving m the 
more or less concentrated acid, and, after allow- 
ing the acid to act until the solution becomes 
limpid, diluting and heating the dilute solution. 
The acid is neutralised with chalk, filtered from 
the insoluble calcium sulphate, and concentrated. 
The industrial value of this piocess is obviously 
limited by the relatively low values of starches 
and the more economic conversion of these by 
simpler means and to superior products 

The compound celluloses (Vegetable fibres). 
While the simplest form of vegetable life is 
the cell, and the cell is, moreover, the uni- 
versal originating unit, we observe, as wo 
ascend the scale of plant organisation, an m- 
creasmg variety of differentiations of this sim- 
plest structural unit graduating into the fibres 
and vessels of the stems of the higher flowermg 
plants. It is to the piesence of such elongated 
cells as warrant the designation ‘ fibre ’ that 
these stems mainly owe their powers of bearing 
strains and resistmg fracture. The uses to which 
these fibres are put m the arts depend upon the 
same characteristics of form, and obviously also 
on the nature of the fibre substance. So too 
the anatomy of fibrous stems is necessanly 
a main factor of the processes by which they -are 
treated for tne isolation of the fibres. We must 
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here except from the general anatomical view wo 
are about to take the most important of the 
vegetable fibres, viz cotton, which as a seed hair 
IS distinct physiologically, and differs structu- 
rally from all other fibres employed for textile 
purposes. 

The ‘ ultimate ’ fibre is a hollow tube, the 
walls being thin and membranous , it is attached 
at one end to the testa of the seed, the othei 
being fiec, and there is no adhesion of the fibres 
to one another. The preparation of the textile 
fibre involves, therefore, only a mechanical 
treatment, and that of the simplest kind, for 
separating it from the seeds The other vege- 
table fibres employed m the arts are without 
exception constituents of complex structures 
(stems and leaves) which require a more elaborate 
mechanical operation for their separation, m 
addition in many cases to a preparatory chemical 
treatment 

The fibres of stems arc arranged according 
to the two mam structural types of growth, 
the exogenous and endogenous In the exogen- 
ous stem of annuals (dicotyledonous) they con- 
stitute a localised tissue, the bast, which is an 
annular ring external to the wood and beneath 
the cortex. In the endogenous stem the fibres 
proper (bast fibres) are generally aggregated to- 
gether with vessels into bundles known as fibre- 
vascular bundles, which are scattered more or 
loss irregularly throughout the cellular matrix 

In regard to the leaf, the two great divisions 
of the phanerogams are also contrasted , the 
fibre -vascular bundles of the former are not only 
11 regularly disposed, but interlaced (reticulate 
venation), whereas the leaves of the typical 
monocotyledon are characteiised by a parallel 
arrangement of the bundles, and fulfil, thcretoie, 
a necessary condition of separation for tex- 
tile purj^oses Fibres of this class are amongst 
the most useful that wo have There is a dis- 
tinction to be noticed, though rather of a techni- 
cal than anatomical nature, between the vege- 
table fibres and ‘ fibrous substances ’ By the 
former we understand isolated bast fibres or 
fibre -vascular bundles, such as can be spun into 
a continuous length or yarn A fibrous substance 
IS any vegetable structure containing fibres 
Many of these do not admit of being economic- 
ally treated for the isolation of a textile fibie, but, 
on the other hand, aie resolved by suitable 
chemical treatment into a fibrous mass or pulpy 
available for paper makmg. Many of our most 
valuable raw materials for this industry are of 
this nature. We may fuithcr distinguish, 
according to the above classification, (1) exo- 
genous bast tissues, such as those of the Adan- 
sonia and Broussonetia (paper mulberry) and 
entire stems (woods) , and (2) endogenous 
stems (straws and bamboo), and leaves (esparto). 
In this more miscellaneous group also wo should 
include the refuse from the preparation of textile 
fibres, such as the root ends of jute (butts), 
the waste from the flax-scutchmg process 
{tnfra)y &c. 

We have already excepted the cotton fibre 
from the above classification, indicating a atruc- 
tural as well as a physiological distmction from 
other textile fibres. These are, in fact, always 
obtained and spun in the form not of ultimate 
fibles, but of bundles of these. The ultimate 
bast fibre is also a hollow tube, but more or less 


thick walled and with tapenng extremities , in 
section it IS seen to be cylindrical or pol)^gonal 
The dimensions are remarkably uniform for the 
bast of any given plant or species, but exhibit 
wide variations from species to species. Thus 
the average length of the bast cell of jute is 
3 mm , and of flax 28 mm The textile ‘ fibres ’ 
are aggregates of these ultimate fibres, and it is 
convenient to employ for them the special desig- 
nation of jilament This complex spinning unit 
varies m the number and degree of cohesion of 
the constituent fibies These variations even 
in the same plant or species arc very consider- 
able, but more so as we pass from species to 
species. Expressed in another way, the textile 
fibres vary very much m regard to fineness 
and divisibility of the filaments. These, it is 
scarcely necessary to say, determine in a very 
important sense their spinning qualities. The 
nature of the fibre substance is a self-evident 
factor of the mechanical projierties of the 
filaments , and lastly, though less obviously, 
the length of the ultimate fibre, which greatly 
inlluences the strength and durabihty of the 
yarn. 

To the spinner the chemical composition 
and properties of the fibre substance may appear 
of altogether secondary importance ; but they 
are obviously of first importance m regard to 
the apphcation of the yarn, as of the goods 
woven from it. Supposing them put into use 
without further preparation, the durability of 
the fabrics will depend upon their resisting the 
disintegrating action of air (oxygen) and water, 
reinforced by heat and light But a large pro- 
portion of the textile fabrics of commerce are 
supplied to the consumer in the bleached state, 
the process of bleaching consisting in the re- 
moval, by a more or less drastic treatment with 
reagents of those fibre constituents to which the 
colour of the raw material is due These pro- 
cesses being the subject of a special article, we 
shall not require to deal with them at all m 
detail. The pnnciples underlying them, how- 
ever, have a close and obvious connection with 
the properties of cellulose, and the relationships 
subsisting between the cellulose of the vegetable 
fibres and the non-cellulose constituents with 
which each is associated in the plant , and from 
this point of view we proceed to give a short 
account of the 

Chemistry of the Compound Celluloses. 

There are many reasons for regarding cellulose 
and the non-cellulose constituents of vegetable 
tissues and fibre substances as united chemi- 
cally While this 13 certainly true of the cuto- 
celluloses {infra) there is evidence that in the 
ligno celluloses the bond of union is rather 
that of mutual interpenetration or ‘ adsorption ’ 
At the same time the combination is equally 
resistant to reaction as that of a union of 
‘ residues ’ in the stnctly chemical sense. 
Taking cellulose as the constant, the basis of our 
classification of the compound celluloses will be 
the nature of the non-cellulose, the character- 
istics of which are as distinct as they are general 
Physiologists recognise three ‘ modifications ’ 
of cellulose m the plant, and these we term 
* compound celluloses.’ We shall find the 
distinguishing chemical features of the three 
groups of compound celluloses as veil marked 
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as their functional correlations, and the corre- 
spondmg classifacation has a ‘ natuial ’ in 
addition to its chemical significance We 
shall consider lust the group Avhich is of least, 
because of only incidental, impoitance in lelaiion 
to oui subject 

Cutocelluloses (Adipocelluloses). The pio- 
tective tissues of plants, which are, moreover, 
cellular rathei than hbious, viz cork and cuticle, 
are composed of a substance of maikcd water- 
resistmg characteristics. In this jiropeity, as 
well as in empirical composition, the cuticular 
substance designated cuto^e by Fiemy resembles 
many of the waxes. The following jieicentage 
numbers are the results of the analysis of the 
cuticle of the apple puritied from wax and 
adventitious matters : C, 73 bb , II, 1 1 37 , 
0 , 14 97 . 

Cork is not a simple substance, but contains 
a number of products, wax, fatty esters and 
anhy dudes, proteid lesidues, and tannins, <fcc , 
associated with the matrix or skeleton substance, 
which 18 of the nature of cutose Both cutoso 
and cork yield a residue of celluiose when treated 
with special reagents (sulphites) for the lesohition 
of its union with the wax-like non-cellulose The 
latter^ is resolved by boiling with strong solutions 
of the alkalis into two fatty acids, a solid acid | 
designated stearorAitit and a liquid called oleo- 
cutic acid The investigation of these cuticular 
substances has not been sufficiently extended to 
warrant our entering into further detail in 
regard to their composition and properties 
We may legard them as compound celluloses 
resolved by alkaline sajionihcation into cellulose 
and a mixtuie of fatty acids of peculiar proper- 
ties, but altogether unknown constitution 
They may be conveniently grouped under the 
term adipocelluloscb^ which broadly expresses 
their chemical relationship As regaids their 
distribution, they occur chiefly in fhe eindermal 
and cortical tissues of leaves and .stems, but the 
observations of Fremy lead to the conclusion 
that they are by no means confined to the.se, 
and there is evidence of their presence, if only 
in minute proportions, in the hbres themselves , 
but their occurrence, chemically speaking, may 
bo regarded as adventitious, the hbre substances 
belongmg to essentially different classes of com- 
pounds These adijjocelluloses, moreover, in 
most of the technical applications of vegetable 
materials which come within the province of 
this article, have to be got nd of An instance 
of an epidermal tis.suo (cutocollulose) used as 
such IS the Raffia, which consists of the cuticular 
tissues of Raj)}iia ruffia, which in horticultural 
work replaces the linden bast oi ‘ bass ’ of a 
former age A more exhaustive investigation 
of Raffia as a type of cuticularised tissue has 
established the constitution of the cuto-cellulose 
of the mixed tissue as an ester of an oxidised 
‘ cellulose ’ and a fatty acid 

C,7H3,03-C,eH3o(OH) C’OOH 
But investigations m this field aie ( onijflicaled 
by the resistance of the mixed tissues to 
proximate resolution ; the true cuto-cellulose 
when obtained is more or less modified by the 
chemical treatments required for its separation, 

1 According to Fremy, It Is the cutose Itself which is 
so resolved, bat the author's experiments have always 
yielded a lesidiie of cellulose. 


and the yields are small (Cross and Bevan, 
J. Soc Dyers, 1919, 35, 70). 

When the textile hbres are isolated from com- 
pound structures this is accomplished foi the 
most part by the mechanical pioce.sses of pre- 
paration, scutching, hackling, &c When, how- 
ever, the tissue intervening between the hbres 
and the cortex or epidermis is of small extent, 
the separation is never com})lote Jn flax, for 
instance, lesidues of the epidermal tissue lemain 
associated with the hbre, and the relative diffi- 
culty of attacking these substances by chemical 
means is a factor of the laborious process of 
bleaching linen goods In isolating the so-called 
New Zealand ' flax ’ much gi eater difficulty 
is experienced Ifliis hbre consists of the fibro- 
vascular and other fibre bundles of the sword- 
shaped leaf of the Phonniuni teiuix, and these 
aie in such close and intimate contact with the 
epidermal ti.ssues that their isolation is always 
veiy incomplete In those law materials of the 
papei maker which consist of the stems and 
le.ives of monocotyledons (straw and esparto), 
the (‘pideimal adipocelluloses constitute a sen- 
sible propoition. They are lesolvcd in this case 
by chemical moans, which require to be much 
more drastic in conseipience The fibious por- 
tions ot the.so mateiials, on the other hand, are 
made up of a compound cellulose belonging to 
the next group which w^e shall have to consider, 
an impoitant chaiac tens tic. of which is the com- 
parative ease with which they are attacked and 
lesolved by alkalis Although, therefore, the 
connections of the.s(‘ cuticular celluloses with 
the fibres aie for the most pait only mdiiect or 
incidental, we see in the typical instances above 
cited that they have to be taken into account 
I III K'lation to a gicMt number of the treatments 
I of cellulosic raw mateiials, both mechanical and 
I ( hemical 

Pecto celluloses. 'Plus, the second division 
of the compound oollii loses, is characterised by 
the non-f(‘!lulose constituents belongmg to the 
I gioup ot peril t substances or pectins The 
I pectins aie caibohydrate-colloidal aggregates or 
supposed complexes of hoxosanes and peiitosanes, 
with a small pioj[)Ottion of acid groups combined 
as lactone or ester Sensitive to acid hydiolysie 
and feiment actions, they occur naturally in 
the most vaiied forms Thus m fiuit juices 
they exist as colloidal lopy solutions In the 
more permanent fibrous tissues they are insoluble 
in water (Tollens, Annalen, 286, 278-292 , 
Cross, Bei 1895, 2609) 

Jn composition they are more complicated 
than the celluloses, and they contain less carbon 
and moie oxygen In this and in many of 
their properties they resemble the oxycelluloses 
above described Cenerally, they yield gela- 
tinous hydrates, and under the action of hydro- 
lytic agents they undergo a succession of changes 
resultmg in the conversion of the comparatively 
inert membeis of the series xiectose and pectin 
into highly acid derivatives, such as pec tic and 
metaiDcctic acids, bodies which, *in addition to 
being acids, have jirojicrties indicating the pre- 
sence of aldehydic groups 

The tyjucal pectocellulose is the flax fibre. 
The punhed bast of a Russian flax was found 
by Kolb to contain C, 43*7 ; H, 5*9 ; 0, 50 4. 

On boilmg with dilute alkaline solution about 
20 p.c. of its substance is readily converted into 
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soluble derivatives, of which a considerable pro- 
portion 18 a body identical with Fremy’s pec tic 
acid (C 42 0 p c. , H—4 8; The 

fibrous residue from an exhaustive treatment 
with alkaline solutions, amountmg in most 
flaxes to about 75 p c of the original weights, 
18 approximately inire cellulose In this experi- 
mental account of its constitution we disregard 
such adventitious admixtures as cutieular tissue 
(adipocellulose) and wood or ‘sprit’ (lignocel- 
luloso), the influence of which may be calculated 
and eliminated from the result , but the presence 
of these in commercial flax introduces complica- 
tions of very gieat moment m icgaid to tlie 
spinning of the hbie and the bleaeliing jinx esses 
to which flax goods aie subjected In regard to 
the latter, an important technical clilficulty is 
experienced in washmg flax yams after a 
‘ clilonne ’ (hypoelilorite) bleaching tieatinent 
‘ Active ehloime ’ leinams persistently in the 
goods. Tins is now elucidated, as duo to the 
formation of cfdoroatninn deiivatives, fiom | 
residues of chlorophyll and other nitiugmicous | 
products containing ammo- groups always | 
present in cuticular tissues ((^loss, llevari, and ! 
Biiggs, J Soc Chein Ind 27, 11)08) I 

Lignocelluloses. As the name indicates, this 
group comprises the substance of the ground 
tissue of the wxjods The simplest typo of 
lignocellulose, chemically as it is structurally, 
is the jute fibre, the ligmfii'd bast of an annual 
{(Jorchonis tibuic(cp) cultivated on an enormous 
scale m India, and the stajile of an important 
textile industry centred m Jhmdee. 

The elementary composition of the purified 
fibre is expressed by the following percentage 
numbers : — 

Calc for CiiUtoOg 

C-47 0-46-0 . . 47 0 

H= 5 9-5 7 . . 60 

0=47-1-48 3 47 0 

The constitution of a lignocellulose is revealed 
by the action ot chlorine, which combines w'lth 
the non-cellulose or lignone ( omponcnt to foim 
a qumone-chlonde of constant composition, 
CiqHi with jnoduction of hydioehloiic 

acid, also m constant piojioition to the lignone , 
the estimation of the ac id aftoids an indnect 
measure ot the propoition of lignone oi non- 
cellulose constituents ((’rossand lie\ an, Cellulose, i 
Heuscr and Saher) Thechlorolignono leai. ts with 
sodium sulphite (solution) to form a sulphonated 
derivative; of chaiacU i istu magenta-red coloui, 
freely soluble as sodium salt , consequently, the 
ehlormated fibre is lesolved by treatment with 
solution of sodium suljdiite (2 p c Na,S().^), the ' 
lignone-chloiide dissolving from the cidlulose, 
which is thus isolated 1’he quantitative , 
constants of this reaction, which is specifically 
diagnostic, ai(‘ as follows -- 

P C of I 

lignocellulose ' 

Chlorine combining with lignone 8 0 

„ „ asHCl . .80 I 


Chlorine combining with lignone 
,, „ as HCl 

And the lignocellulose may bi 
calculated to be composed of 

lignoci 

Lignone Ci 9 H 2209 [C =57 8 p.c J 


statistically 


Ine cellulose is separated actually as a 
hydrate of the composition SC^HioO^jHaO. It 
further differs from the normal cotton cellulose 
m being non- homogeneous It is a mixture of 
two celluloses, the a-ccllulose (65 p c ), approxi- 
mating to the normal, and )3-cellulose (15 pc ) ; 
the latter being relatively sensitive to hydrolysis 
and yielding a large proportion (40-50 p c. of 
its weight) ot furfuial on boiling wuth condensing 
acids 

Constitution of lignone The characteristic 
groups of th(‘ lignone complex are those which 
combine with clilonne and wdiich appear to be 
of diketo r hexene constitution The reaction 
with bisulphites is also quantitative and the 
sulphonated deiivatives are formed without 
resolution Certain decompositions yield pro- 
ducts quantitatively related to oiigmal groups . 
thus acetic acid is a product of oxidations both 
acid and alkaline, and ajipears to result from 
hydiolysis of ketene groups By oxidation with 
(hOj m })ie.sence of hydrolysing acids the lignone 
IS entirely iesolvi‘d to oxalic and carbonic acids, 
with liberation of acetu acid From the forma- 
tion of volatih^ pyrone derivatives m the first 
stages of destiuetion, distillation (150°-2()0°), 
and from the statistics of ultimate composition, 
the piesence of a pyroru' groiq) in the lignone 
complex IS mfcired. 

An integral expression of these quantitative 
lelationships is given in the form of a general 
statistical constitutional formula for the lignone- 
cellulose complex 

CO 0 

CH / ^CH— [CH^fH)],— 


0 


cii ;uo 
oil 2 


jMeOHCS^CH-OMe 
;u cixT.nTrOH Cellulose 


lignocellulose 

Caibon 

1.0 ] 

20 0 

11-56 

e] 

80 0 

35-52 


100-0 

47 08 


; wuth ((Jioss and Bevan, Researches in p 104) This 
foim . lias been critically examined by C Uor6 m 
.it ion, relation to the study of the action of ozone on 
hloiic the typical lignoceiluloses (J. Chem. Soc. 103 
ii^ne , (1913), 685) of the results of which it affords 
ibicct consistent explanations 
non- T’ho wood substance of perennial woods 
ulose, i (dicotyledons), with the same general character- 
swith istics, differs in the relation of lignone to cellu- 
nated lose, both in proportion and m mode of union 
oloui, Whereas the jute fibie is attacked by solvent 
y , the reagents similaily to the celluloses, the woods 
with are extremely re.sistant 3’he following com- 
), the ' parison of typical constants for bcechwood is 
ulose, noteworthy — 

ative , Quantitative reactions 

ie.dlv Proximate of lignone 

^ Elementary composition meth- fur- chlorine 

composition cellu- lig- oxyl fural com- 
of I C H lose none bining 

Jute 47-0 6-9 80 20 4 6 8-0 8-0 

[J - Beech 49 I 5 0 55 45 6-2 12 8 12 0 

I 

icallv ’ wood substance of the ComfercBy first 

‘ ‘ investigated by Erdmann (Ann Sujipl 5, 223), 

I is a homogeneous complex — lignocellulose — of 
Jaibon emiiineal composition, C 3 oH 4202 i> differing in 
11-56 minor respects from the woods of angiosperras 
35-52 chiefly in the lower proportion of ‘ furfuroid ’ and 

acetyl groups. A reaction of fundamental 

47 08 import and general for the entire group of 
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lignocellulose, is the basis of the ‘ bisulphite ’ 
process of preparing cellulose from woods, 
applied chiefly to the coniferous woods, the 
insoluble residue of disintegration or cellulose 
constituting the most important staple of 
modern paper making The lignono complex 
reacts quantitatively with the disulphites to 
form derivatives of the empirical composition 
^24^23(00113)203 SO3H , the mechanism of 
the reaction being ( 1) a hydrolysis of ‘ acetal ’ 
groiijnngs due to combination of H CO and 
bisulphite residues , (2) the SO3H residues 

then migrating to unsaturated — CH=CH — 
positions , the lignone complex bemg thus ob- 
tained as lignone suljihonates (Ca or Mg salts), 
which are gummy deliquescent sohds 

These reactions take place progressively 
in the range of temperatures 8()°-l50°, and 
industrially are carried out in digestors of 
special construction (silicate-lined) and enormous 
capacity. 

A third reaction characteristic of the lignone 
complex as such and taking place 111 dehnite 
quantitative proportions is its condensation with 
phloroglucinol in presence of HClAq 'Phere 
are two phases of the reaction (1) with forma- 
tion of a crimson colouring matter. 'Plus takes 
place with a proportion of the phenol less than 
1 p.c of its weight. The depth of colour is 
quantitatively related to the lignone, and is, 
therefore, an approximate measure of its pro- 
portion in a lignocellulose, as of lignocellu- 
lose {e g. ^ mechanical ’ wood pulp) in admixture 
with cellulose (2) A further combination with 
the phenol (0-7 p c of its weight) to a product 
which 18 extremely resistant to hydrolysis ((Voss, 
Be van, and Briggs, Bor. 40, 3119 , Cross and 
Be van, J Soc Dyers, [v ] 32 (1916)) 

Characteristic colour reactions are those with 
aromatic bases ; the anihnes giving yellow to 
orange-colounng matters. Dimethyl-p-pheny- 
lenediamine give a deep-red colouration, which 
18 the basis of the well-known quantitative 
method of estimating lignocelluloses in mixture 
(C. Wurster) 

Ferric ferricyanide in solution is reduced by 
the lignocelluloses, and the intermediate ferroso- 
fernc blue cyanides in the highly hydrated 
colloidal form, are precipitated upon the fibre 
substance in intimate ‘ adsorption ’ combination. 
Jute fibre will take up from 30 to 50 p.c of its 
weight of the blue pigments thus formed, with- 
out any change of essential characteristics 
These phenomena have especial mterest in re- 
lation to theories of dyemg and the colloidal 
state (Cross and Be van, J. Soc Chem. Ind. 1893, 
12, 104), and are of use in labotatory investiga- 
tions of plant products (Sherman, J Amer. Chem 
Soc 1897, 291). 

The lignocelluloses have many-sided affinities 
for colounng matters, due to specific reactivities 
of the constituent groups of the lignone complex. 
They are dyed directly by dyestuffs of the most 
varied constitutional types ; and in this respect 
stand in marked contrast with the celluloses, 
which present a narrow and selective range of 
direct tmctonal capacity. 

Other less charac tens tic reactions of the 
lignocelluloses may be briefly descnbed. 

Halogens. — Brommo reacts to form bromin- 
ated lignone derivatives ; but the attack is much 
feebler than with chlorine, and is complicated | 


by oxidations (Cross and Be van, J. Soc. Dyers, 
vol. 32, 1916). Cellulose is isolated by repeated 
treatments with bromine water, followed by 
dilute alkalis. This is a useful quantitative 
method of cellulose estimation (Hugo Muller, 
Pflanzenfaser). Iodine is absorbed from its 
aqueous solutions (in Kl) m definite propor- 
tions. Jute fibre digested at 18° with 20 times 
its weight of N/10 solution as ordinarily pre- 
pared, absorbs 12 *9- 13*3 pc. iodine (Cross and 
Be van, Cellulose, 138, 139). 

Hydrolytic agents generally attack the ligno- 
celluloses as a whole, that is, without resolving 
the lignonecellulose combination At elevated 
temperatures (100°-160°) dilute alkalis (NaOH, 
NajS) selectively attack the lignone groups, 
breakmg them down to acid products — acetic 
acid, and the so-called lignic acids — which 
dissolve as sodium salts, and cellulose is obtained 
as a residue. 

Dilute acids at higher temperatures yield 
acetic acid as a product of hydrolysis (Cross and 
Bovan, Cellulose, 1(30, 101 ; W. E Cross, Ber. 
1910, 43, 1520), and a complex of products of 
condensation, moludmg furfural 

Oxy -hydrolytic agents attack the lignone 
complex owing to its unsatiirated and oxidisable 
characteristics. By the action of nitric acid even 
m dilute form (5-10 pc. HNO3) and at low 
temperatures (70°-80°) the lignone is resolved 
into gaseous and soluble pioducts , the )8-cellu- 
lose components are also attacked, and a residue 
of a-cellulose is obtamed, but more or less 
oxidised to oxycellulose 

It is noteworthy that in presence of urea the 
action of nitric acid loses its specific character 
and resembles that of the simple hydiolysing 
acids (Cross and Bevan, Cellulose, 141, 145). 

Chromic acid in presence of hydrolysing acids 
oxidises the lignone to oxalic and carbonic 
acids. Acetic acid appears as a product of 
hydrolysis (Cross and Bevan, J. Soc Dyers, 
vol. 32, 1910) The insoluble residue is an 
oxycellulose soluble in largo proportion in dilute 
solution of sodium hydroxide. 

Permanganates in sufficient proportion oxi- 
dise the lignone complex to products of low 
molecular weight, but the action may be regu- 
lated and graduated to produce valuable bleach- 
ing effects 

Hypochlorites are used m industrial bleachmg 
operations (]ute yams and fabrics), but require 
most careful control to prevent chlorination of 
the fibre substance, the fixation of chlorine, 
even m minute proportion, leading to ultimate 
dismtegration of the lignocellulose (Cross, Bull. 
Mulhouse, 1883) 

Ultimate oxidations. By ‘ fusion ’ with the 
alkaline hydroxides at 250°-350° the lignocellu- 
loses are oxidised to oxalic acid, the yields from 
the wood (sawdust) being large (80 p.c.). The 
process is of considerable industrial importance, 
being the mam source of the oxalic acid of 
commerce 

By chromic acid in presence of sulphuric acid 
the lignocelluloses are oxidised to gaseous pro- 
ducts (CO2 and some CO) and water. The 
reaction is the basis of a quantitative volumetric 
method of estimation. 

Synthetical reactions. Esters. The ligno- 
celluloses react, as do the celluloses to forr.^ 
nitrates, acetatijs, and benzoates ; these, how- 
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ever, are mainly reactions with the cellulose of 
the ^complex, the lignone groups containing no 
reactive OH groups : these remain m con- 
densed combination in the resulting ester 
complex. 

The xanthogemc ester which results from 
the successive action of sodium hydroxide (17 5 
p.c. NaOH solution) and carbon disulphide is a 
mixture or series of products, partly soluble, 
partly a highly hydrated and distended fibrous 
colloid which may be separated by filtration 
There is httle resolution or separation of the 
lignone groups from the cellulose. 

Destructive distillation. The highly complex 
changes which the lignocelluloses undergo when 
heated out of contact with the air, are only 
approximately accounted for m terms of the 
original substance. Typical of an enormously 
diversified series of volatile products are : 

Methyl alcohol Methyl furfural 

Acetone Methyl- and methoxy- 

Acetic acid derivatives of Pyro- 

Furfural gallol 


which may be regarded as direct products of 
resolution of the lignone complex. 

Of great industrial importance are the pro- 
ducts of the first group. The solid residue 
(about 30 p c ) IS wood charcoal, a highly con- 
densed ‘ pseudo -carbon ’ of the ajiproximate 
elementary composition, (/30H18O4. 

Autoridation of hgnoceUuloses. Lignocellu- 
loses m the form of ground wood or ‘ mechanical ’ 
wood pulp are largely used in modern printing 
papers Such papers are not only inferior in 
physical quality — tensile strength and elasticity 
— but in permanency ; they change in colour (to 
yellow and blown) and m structure, becoming 
brittle. These are primary eftects of oxida 
tion ; they are influenced by light, and by 
catalysts such as iron compounds usually present 
in papers as an incidental impurity, and resin 
acids added as sizing agents These effects 
and defects are generally recognised and lead 
to the specific exclusion of ‘ mechanical ’ pulps 
from papers intended tor documents of perma- 
nent value (Report of Society of Aits Committee 
on Deterioration of Tapers, J S A. 1898). 

An important elucidation if these phenomena 
IS suggested by the researches of the late W. J. 
Russell, described in the Royal Society papers on 
The Action of Wood on Photographic Plates 
in the Dark (Phil Trans (R), 1904, 197, 281 , 
Proc. Roy. Soc. 78, 385 , 80, 346) The action in 
question is a ‘ photographic ’ image reproducing 
the structural details of the wood sections, 
placed at some distance from ordinary sensitive 
plates, but^with^exclusion of light 

On the evidence, the effects are due to an 
‘ active emanation ’ from the wood substance, 
which appears to be a product havmg the 
characteristics of hydrogen peroxide. The 
general evidence also connects the phenomena 
with those of autoxidation, and these agam 
with the constitution of the lignone groups of 
the wood substance. 


Assay of Fibrous Matbri.ils. 

For the mvestigation of fibrous raw materials 
in the laboratory the following scheme, devised 
^y the author (Ind. and Col. Exhibition Reports, 
1887), has been generally adopted : — 


Separate portion taken for each determination. 

Results calculated m percentage of dry 
substance. 

1. Moisture . 

Hygroscopic water, or water of condi- 
tion, loss on drying at 100°. 

2. Ash : 

Total residue left on ignition. 

3. Hydrolysis : 

(o) Loss of weight on boiling 5 minutes 
m 1 p c solution of caustic soda , 

(6) Loss of weight on continuing to 
boil one hour. 

4. C^ollulose 

Isolation and estimation as previously 
described •(chlorination method).^ 

In the case of raw materials containing cuto- 
celluloses the alkaline saponification is mtensihed 
by substituting alcoholic (2 p c NaOH) for the 
aqueous solution of sodium hydrate. 

5. Mercerising : 

Loss of weight on treating one hour 
with strong solution of caustic soda, 
15-20 p c NaOH, m the cold. 

G. Nitration . 

Weight of nitrated product, obtained 
by treatment with mixture of equal 
volumes of nitric and sulphuric acids 
one hour in the cold. 

7. Acid purification 

Loss of weight after boiling with 20 p.c. 
acetic acid and washing with water 
and alcohol 

8 Carbon percentage 

Determined by combustion 

\a Moisture. The mere operation of drying 
lit 100° determines molecular changes in such 
compounds as the lignocelluloses, changes which 
affect the subsequent action of reagents. It is 
necessary, therefore, to weigh sepaiate portions 
for the particular experiments m the air-dry 
condition, and calculate the dry contents from 
the data of the specimen weighed after drying 
at 100° The dried specimen is treated for 
16 Faly waVy and resin These constituents are 
estimated as an aggregate extract obtained by 
boilmg out with hydiocaibon solvents, or with 
ether-alcohol 

2 Ash The specimen weighed after extract- 
ing may then be burned for the determina- 
tion of ash The ash m isolated fibres is low, 
VIZ 1-2 p c ; in fibre aggregates it is often high, 
thus in esparto and straw from 3-fi p.c , and 
should bo taken into account in calculations of 
yields or loss of weight. In such cases, after 
weighing the product of any given reaction the 
specimen or a portion of it should be burnt and 
the ash determined. The ash-free product is 
calculated in terms of the original substance, 
also taken ash-free. 

The ash constituents are • ( I ) those of the 
normal fibre ; and (2) in certain cases adventi- 
tious mineral matter. These are easily dis- 
tinguished and separately estimated. 

3. Alkaline hydrolysis. This is the first stage 

’ After lengthened critical mvestigation and dis 
cussioii (1895-1918) the method of chlorination is 
generallv adopted as the standard process of estimating 
‘cellulose ’ — with variations in treatment in special 
cases (dense lignocelluloses — cutocelluloses) and reser- 
vation as to the definition of ‘cellulose’ to include 
furfural-yielding components For Bibliography, see 
W. H Dore, J. Ind. & Eng Chem. il (1919), 556 
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towards the isolation of the cellulose. When the 
numbers obtamed for the short period (a) and 
for the long digestion (b) show a marked 
difference, it is an obvious general indication of 
low paper-making quality. 

4. Cellulose Having isolated a white residue 
from a raw fibrous material, it may be weighed 
and then further investigated. An estimation 
of furfural will establish its position m the 
classification of the celluloses. For practical 
purposes it is sufficient to establish the degree 
of resistance of the cellulose to further alkaline 
hydrolysis, and to oxidation by alkaline eupnc 
oxide (Barreswil’s or Fehling’s solution) 

5 Merceristnq The effect of the action of 
caustic soda as measured by loss of weight, and 
also changes in appearance and structure, may 
be usefully observed on the isolated (tdluloses, 
and in certain eases upon the raw fibrous 
materials The pcctocelluloses are considerably 
gelatinised by the treatment, the fibres often 
undergoing agglomeration and drying to a harsh 
wiry condition The lignocellu loses are effected 
in the contrary direction The cutocclluloses 
are not attacked. 

From all the above treatments the products 
should be treated with dilute acids by immersion 
in the cold, and copiously washed before drying 
The drying is accelerated by treatment with 
alcohol 

6 Nt( ration, or conversion into nitric esters, 
affords useful information ; but judgment must 
bo exercised as to the applicability of the 
treatment to the raw material, to the jiartially 
purified products (alkaline hydrolysis), or the 
isolated cellulose It is a general measure of 
the proportion of reactive alcohohe OH groups, 
and also of resistance to oxidation 

7 Acid purification removes basic mineral 
matter, often present in some quantity in raw 
materials, of the pectocellulose class It may 
sometimes be required to attack and remove 
more resistant mineral constituents, such as 
silica or silicates In this case the material may 
be digested with a mixtuie of hydrofluoric and 
hydrochloric acids m vessels suitably resistant 
to the action of these acids The treatment is 
followed by copious washing 

8 Carbon pfreentaqe. This is only necessary 
in certain investigations The value of the 
constant will be recognised from the fact that 
it varies considerably for the different groups 
of compound cellulose The most convenient 
method is that of combustion, with chromic 
8cid, after solution in sulphuric acid 

For syiecial purposes the above scheme is 
extended by operations on a larger scale, and 
under conditions which approximate to those 
industrially employed, as, for instance, in 
estimating the value of a raw material for paper- 
making purposes complementary investigation 
of structural characteristics, including the 
measurements of length and diameter, of ulti- 
mate fibres (cellulose) is also required. For 
processes and methods the special text-books 
must be consulted 

The following is a general view of the 

Cellulose Industries. 

Celluloses, fibrous material, used as such : 

(1) Mechanical with incidcMtal chemical treat- 


ments (bleaching, dyeing, mercerising 
finishing) ; 

Textiles, fine fabrics : 

Cotton, flax, hemp, ramie. 

Coarse textiles : 

Jute (flax and hemp). 

Ropes, twmes . 

Hemp flax, manilla, aloe, and fibres 
of monocotyledons 

Hat-making materials : 

Straw, wood. 

Paper, boards, and fibrous agglomerates : 

Cotton and hnen rags and textile 
wastes (wood, straw, esparto 
pulps) 

(2) Chemical industries. Cellulose deriva- 

tives, or celluloses, or products 
of resolution of compound cellu- 
loses, * 

Explosives : 

Nitro celluloses. 

Artificial fibres : 

Nitro celluloses (acetates). 

Aqueous solutions of cellulose deriva- 
tives. 

Zinc chloride, cuprammomum, 
xanthogenic ester (viscose) 

Films or sheets ; 

Nitrocellulose (acetates), xanthogenic 
ester. 

Massive solids * 

Nitrocellulose (acetates), xanthogenic 
esters. 

Preparation of wood pulp, esparto, 
straw, and other celluloses for 
paper making . 

Treatment of coniferous woods, 
esparto, straw, and textile waste 
matenals. 

(3) Products of decomposition : 

Oxalic acid : 

Fusion of wood wastes with alkaline 
hydroxides. 

Acetic acid, wood spirit, acetone, 
creosote, charcoal : 

Products of destructive distillation of 
woods 

Supplementary Note. (Jan. 1, 1920 ) 

The c hemistry of ‘ cellulose ’ is obviously a 
<=!ection of the ‘ chemistry of colloids ’ , tlie state 
of development of this extensive and complex 
subject 18 set forth m the Reports (I, 1918; 
ir, 1919) of the British Association Committee 
Cellulose is in many respects the prototype 
of the organic colloids , OvS a primary natural 
product it IS only known to us in its natural 
forms of organised structures , and it is an 
index of the necessary trend of progressive 
research in this field that the works of the 
histologist and chemist aie convergent Thus : 
W. L Balls (Proc R. R (B ) 1919, 90, 542) 
demonstrates daily growth rings in the cell wall 
of cotton by taking advantage of the xanthic 
ester reactions under limiting conditions, such 
as induce controlled rehydration of the cell 
substance without disruptive distortion 

Robinson (Prov Rep R. S Proc. Nov. 191 9), 
m investigating the deformation of wood struc- 
tures under stress, finds positive evidence of asso- 
ciated deliquification in the chemical sense. 
Cross and Bevan (J Soc. Dyers, 1918, 34, 
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215, 247) have investigated two cases of pro- 
found structural change in cotton under mechani- 
cal stresses, associated with fundamental changes 
of chemical constitution. 

Of these effects the immediate factor of 
change may bo a particular form of energy, in 
respect of which the effects of heat, electricity, 
light, and radio-active ‘ matter,’ have been 
shown to bo definitive {ibid. ; and S J Lewis, 
:14, 167 ; W Hamson, 1919, 35, 243-250) 

It is clear that for exact characterisation of 
cellulose, as a colloid, it must be investigated as 
such, and not in terms of products of proximate 
resolutions This postulates physical methods, 
of which the most obvious is the measurement 
of volume and volume changes (Cross and 
Bevan, Berl Ber 1909, 42, 2198), with tem- 
peratures and under reaction Such mvestiga- | 
tions have already suggested that the cellulose 
may bo made up of reactive unit groups 
of small dimensions — of cyclic configuration — - 
and having the reactive continuity of liquid 
systems Bosearch and progress by way of 
such problems and hypotheses, many of which 
arise in the technical routine of the cellulose 
mulus tries, are the leading characteristics of the 
present-day movement towaids a more compie- 
hensive science of the subject 

Bibliography. 

General. 

‘ Cellulose,’ (hoss and Bevan, Longmans, 
London, 3rd cd (1918). A text-book oi 
the subject. 

‘Researches on Cellulose,’ I (1900), II 
(1905), in (1912), Cross and Bevan. A 
general account of later investigations and 
researches, to respective dates 

‘ Chemie dcr Zelliilose,’ by C (t Schwalbe, 
Berlin, 1910 Full general account of 
contnhiitions of original workers Ex- 
haiislive bibliograpliy 

B A Reports on Colloid Ch(*mistry and 
fiidustrial Applications, I (1917), and II 
(1918) — Cellulos ‘ and Derivatives of Col- 
loids — with comprehensive bibliography. 

‘ Die Zcllulose,’ by C Biest, Stuttgart 
(1901), F Fnkc Ceneial account of 
subject, but with special reference to 
explosives 

‘Cellulose, (’elhilose I’roduktc,’ 1st ed 
Bersch, Leipzig (1904), Hartleben A 
useful account of cellulose mdustiics 
Special 

‘ Pllarizcnfaser,’ Hugo Muller A W Hof- 
man’s Beiicht, Fiitwicklung d (diem 
Ind Braunschweig (Vienna Exhibition 
Reports, 1873) Oiiginal investigations 
of cellulose and fibrous matenals A 
pioneer technological study. 

‘ Etudes sur les Fibres Vegetales,’ Vetillart, 
Pans (187b) Miscroscopic study of 
structural characteristics of cellulose and 
fibres • a pioneer work 

‘ The Textile Fibres,’ J. Meriitt Matthews, 
London. 

‘ Text-book of. Papermaking,’ Cross and 
Bevan (Spon), 4th ed (1916). Principles 
of industrial preparation and application 
of cellulose, &c. 

‘ Chemistry of Papermaking,’ Griffin and 
Little, (New York) Lockwood. ‘ Dio 


Cellulose Fabrication,’ Max Schubert, 
Berlm, (1906) M. Krayn. Full account of 
wood pulp and processes of treatment. 

‘ Die Mercensation dor Baumwolle,’ P. 
Gardner, Berlm, (1878) Sprmger. A full 
account of mercerising process, and lustre 
finishes of textiles, with special reference 
to patent literature. 

‘ Kunsthche Seide,’ Suvern, Berlin, Sprin- 
ger. A full account of artificial silk 
processes, with special reference to patent 
iterature 

* Die Viskose,’ B. M Margosches, Leipzig 
(1906) An exhaustive account of scien- 
tific and technical papers, and patent 
literature of viscose developments. C F C. 

CELTITE V . Explosives. 

CELTIUM Ct At wt ’ An extremely rare 
element mtermediate m characters between 
lutecium and scandium, occurimg in gadohnite 
and first isolated by Urbain Forms a white 
oxide, and an anhydrous chloride more volatile 
then lutetium chloride, but Jess volatile than 
scandium chloiide The hydi oxide is a weaker 
base than lutet lum hydroxide, but is stronger 
than scandium hydroxide Gives a character- 
istic arc spectrum (Uibam, Gompt lend. 1911, 
152, 141) 

CEMENT. In this article the word ‘ cement ’ 
IS used to mean a calcareous compound employed 
in buildinfr, and docs not refer to minor ad- 
hesives of the class typified by glue 

Portland cement. This material is so 
greatly more impoitant than any other cement 
of its class, that it may appi opnately be dealt 
with first The name is trivial, referiing merely 
to the colour of the set product which somewhat 
resembles that of Portland stone ^ he inven- 
tion of Portland cement is attributed to Aspdin 
of Leeds, who calcined a mixture of chalk and 
clay, and found that the product, when ground 
and mixed with water, would set ; but develop- 
ment fiom this elementary stage to the status of 
a v.iluable industry was the work of many 
mincD, which, operating mostly empirically, 
anived at a procedure competent to ensure a 
commercially useful pioduct, although by 
methods of which the rationale was only dimly 
understood At the present time, a better 
state of knowledge exists, and except in a few 
minor points, such as the adjustment of the 
setting time, which still cannot always be com- 
pletely controlled, the manufacture is per- 
formed With precision and the product is of 
uniform and excellent quality Neveitheless, 
the chemistiy, botli of the formation of Portland 
cement from its raw materials and of the changes 
which it undergoes on setting, is incomplete, 
many of the reactions supposed to occur re- 
maining obscuie and hypothetical 

Composition — Portland cement consists of 
a mixture of compounds of lime and silica and of 
lime and alumina 9’hese are the essential con- 
stituents, but it commonly contains in addition 
loose compounds of lime with ferric oxide, 
magnesia, and small quantities of inert insoluble 
silica or silicates, alkalis and sulphates Except 
when perfectly calcined and absolutely fresh, it 
also contains a little water and carbonic anhy- 
dride absorbed from the air The ultimate 
composition of Portland cement varies with 
the nature of the raw materials from which it 
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has been made. The following is a typical 
analysis of cement made from chalk and clay m 
the Thames and Medway district : — 


Per cent. 

Silica (SiOg) . . . 22 0 

Insoluble sihcious matter . 0 7 

Alumma (AI2O3) . 6 5 

Ferric oxide (FogOg) 3 3 

Lime (CaO) . (>3 0 

Magnesia (MgO) I 0 

Sulphuric anhydride (SO3) . . 1*5 

Carbonic anhydride (COg) 0 5 

Water (H2O) . . 10 

Alkahs ... 05 


100 0 

All the constituents may depait a good deal 
from these proportions The silica may vary 
from 18 to 27 p e , the alumma from 5 to 10 j) c , 
the feme oxide from ml to 7 p e , the lime from 
58 to 67 p c , the magnesia up to 3 p c , the sul- 
phuric anhydride up to 2 75 p c , the alkalis to 
2 p.c , and the watei and carbonic anhydride 
according to the length of time the cement has 
been made and the extent to which it has been 
exposed 

The limits laid down by the British Standard 
specification aie as follows The proportion of 
lime to silica and alumma shall be not greater 
than the maximum nor less than the minimum 
ratio (calculated in chemical equivalents) re- 

presented by 

tively. The percentage of insoluble residue 
shall not exceed 15 j) c , that of magnesia 
shall not exceed 3 p c , and the total sulphur 1 
content calculated as sulphuric anhydiide (SOj) 
shall not exceed 2 75 pc The total loss on 
Ignition shall not exceed 3 p c. 

Although the ultimate composition of Port- 
land cement is easily and accuiately ascertained 
by the ordinary methods of chemical analysis, 
its proximate composition, that is, the nature 
and quantity of the chemical compounds or 
physical mixtures which constitute it, are not 
known with exactness and cannot be detei- 
mined with precision by existing methods of 
inquiry The view most in favour and best 
supported by experimental evidence, is that the 
essential constituent 13 tricalcium silicate 
3CaO SiO^j and that the body next in import- 
ance IS a calcium aluminatc, to which the 
formula 2CaO AlgOj, or alternatively 
3CaO AI2O3, 

IS assigned. Licalcium silicate 2CaO S1O2 is 
also present. The oxide of iron occurs as a 
calcium ferrite, the magnesia possibly as such, 
the sulphuric anhydride and carbonic anhydride 
probably as calcium suljihate and carbonate, 
and the alkalis perhaps as double compounds 
with lime and silica or alumma As far as is 
known, the substances of primary importance 
are the tricalcium sihcate and aluminatc only, ‘ 
the minor bodies being little more than make- 
weights with the exception of calcium sulphate, 
which IS of moment, because of its mfluenco 
on the setting time of the cementitious con- 
stituents proper. The best proof that these 
smaller constituents are not essential is afforded 
by the fact that Portland cement of the highest ^ 
quality can be prepared containing only silica, 
alumina, and lime m proper proportions. 


It was formerly held that the calcium 
aluminate and silicate did not exist separately 
but as solid solutions, which are recognisable as 
distinct minerals in Portland cement clinker. 
The mineral termed alite is a solid solution of tri- 
(or di-) calcium aluminate m tricalcium silicate, 
whilst the solid solution of dicalcium aluminate 
m dicalcium silicate is called celite. As both are 
solid solutions and not definite compounds, 
their composition is not constant, but varies 
withm the limits of solubility of the solute in 
each case Celite appears to be almost inert, 
and to take little part in the settmg of the 
cement, but alite is decomposed by water, and 
both the calcium silicate and calcium aluminate 
are hydrated according to the following equa- 
tions, in which, for simplicity, the two sub- 
stances are dealt with separately — 

(1) 2(3CaO Si02) + 9H20=2(Ca0Si02)5H20 + 4Ca(0H2). 
Tticalcium silicate Hydrated monocalcium silicate. 

(2) 3CaO AI2O3+ 12H20=3Ca0 Al203l2HaO 
Tricalcium aiumiiiate Hydrated tricaiciiim 
aluminate. 

It will be seen that m the process of hydra- 
tion of the tricalcium silicate, two-thirds of jfelie 
lime are libeiated and appear as calcium hy- 
droxide, and m consequence this substance forms 
a large propoition of Portland cement when set , 
although — accepting the tricalcium silicate 
view — imcombmed lime is absent fiom Portland 
cement as it comes from the kiln 

The belief that tricalcium silicate is the 
essential constituent of Portland cement has 
been disputed on the ground that there is no 
conclusive proof of the existence of this body as 
a definite chemical individual The alternative 
theory is that the essential constituent is di- 
I calcium silicate 2CaO S1O2, associated as a solid 
I solution with lime, which may be present in 
I amount equal to that occurring m the tricalcium 
' compound. On tins assumption, the equations 
written above would still stand with the modifi- 
, cation that this part of the lime is hydrated 
directly on settmg, instead of being both 
liberated and hydrated by the action of water. 
Whichcvoi view may bo nearer the truth, it is 
certain that set Portland cement contains large 
quantities of calcium hydroxide, a fact which has 
I an important piactical bearing in the use of the 
, material, as will be shown when dealing with 
I puzzuolana. 

j 8mce the time when this idea was put forward 
the older view has been rehabilitated by the 
I preparation of tricalcium silicate as a definite 
I comjiound, and that it and tricalcium alummate 
j are the two substances to be considered as the 
I essential constituents of cement It follows 
J that the equations originally put forward by 
I Le Chatelior may be taken as representing the 
1 process which cement undergoes on settmg : — 

' 3Ca0Si02-fAq=Ca0Si022iHa0-f-2Ca(0H)2 
and 

3Ca0Ala03 + Ca(0H)2+Aq=4Ca0Al203l2H20 
It will be seen that the hydration of the 
tricalcium silicate provides ample calcium 
hydroxide for the production of tetracalcmm 
alummate, and as stated above the existence of 
this calcium hydroxide in set Portland cement 
is of importance when siliceous materials su^h 
as puzzolana are used conjointly with cement. 
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Manufacture. — As would be expected from \ 
what has been said concerning the composition 
of Portland cement, the raw materials from 
which it can be prepared are of the most varied 
description Chalk, limestone, or any other 
approximately pure form of calcium carbonate 
on the one side, and clay, shale, or any tyineal 
argillaceous material on the other, can be mixed 
and burned together to produce Portland cement, 
provided that the product has a composition 
falling within the limits already laid down It 
follows naturally that substances which contain 
both calcium carbonate and clayey matter, such 
as calcareous shales and argillaceous limestones, 
can be similarly used On this account and 
because of the low price of the manufactured 
article and the consequent high proportion 
which freight bears to the total cost at the point 
of consumption, the manufacture of Portland 
cement is not confined to a particular spot, but 
is successfully undertaken wherever deposits of 
suitable raw materials occur, provided the cost 
of fuel IS not extravagantly high But although 
it is perfectly practicable to manufactuie Port- 
land cement from a wide lange of law mateiial.s, 
yet certain of these possess qualities which give 
them a substantial advantage The laige 
deposits of chalk in the Thames and Medway 
district, together with the clay in the form of 
river mud adjacent thereto, make this legion 
one of the centres of the industry in this country 
In like manner, the existence of huge quantities , 
of argillaceous lime^stone in Pennsylvania has ! 
led to the establishnienb of many large woiks in , 
that State Tn the former case, the chalk and ' 


Limestone. 

Insoluble silicious matter 
Alumina -f ferric oxide (Al20j-f Fe^Og) 
Lime (CaO) .... 
Magnesia (MgO) .... 
Carbonic anhydride ((K)2) ^ 

Combined water and loss 


Per cent 
. 0 20 
. 0 08 
. 50 02 
. 0 24 

43 38 
. 0 18 


Silica (Si()2) 

Ferric oxide -{-alumina (F02O3-I-AI2O3) 
Lime (OaO) 

Magnesia (MgO) 

Carbonic anhvd ride -{-water ((^02+ ^2^^) 
Alkalis and loss 


Per cent. 

hO 22 
. 27 20 
trace 
1 62 
I 4 54 
. () 42 


Silica (SiO^) 

Feiric oxide + alumina (Fej(),-{ ALO,) 
Lime (C\aO) 

Magnesia (MgO) 

(Wbomc anhydiide (('O2) 

Water, alkalis, and loss 


Per cent, 
15 10 
7 30 
42 16 

0 34 
33 51 

1 59 


Whatever may be the raw materials, the first 
step m the manufactuie of Portland cement is 
to secure their comminution and intimate ad- 
mixture It must be understood that as the 


clay, being soft materials, can be readily handled 
and intimately mixed, and in the latter the 
mingling of the ealcaieous and argillaceous 
ingredients has already been accomplished, 
and a correct composition can be attained by 
the addition of a small amount of pure lime- 
stone 

The following arc analyses of some of the 
raw materials commonly employed — 


Chalk 

Per cent 

Moisture . 19 03 

Sand and clay . . 0 93 

Combined silica (S1O2) 0 43 

Ferric oxide -4- alumina (Fo,(), -{-ALO.) 0 48 

Lime (CaO) ^ “ 42 90 

Magnesia (MgO) 0 42 

Car borne anhydride (CO 2) . 34 16 

Alkalis, organic matter, and loss . 1 65 

100 00 

' Clay 

Per cent 

Sand ... . 2842 

Combined silica (SiO.J . . 30 32 

Alumma (AI2O3) . “ . . 15 49 

Ferric oxide (Fe203) . . 7 74 

Lime (CaO) . ... 2 04 

Magnesia (MgO) . . . . . 1 96 

Sulphuric anhydride (SO3) . . . 1 96 

Combined water and loss . . . 12 07 


100 00 

€ 

' Corresponding with calcium carbonate (CaCO») 
76*60 p.c. 


roces.s of binning cement involves the sintering 
ut not the fusion of the mateiials, these two 
j conditions are of primary impoitance The 
raw materials aio commonly ground so that they 
i leave a residue of less tlian 10 p c on a 180 X 180- 
i mesh sieve, and intimacy of contact is seemed 
I by mixing the materials together at as early a 
stage of the process of comminution as is prac- 
ticable, and m addition grinding them together 
The procedure is as follows in the case of 
soft, wet raw materials, such as chalk and clay, 
the two substances m propoitions determined 
from their analysis are weighed into a wash mill, 
which IS a large tank in which a veitical spindle 
having radial aims from which depend harrows 
IS caused to revolve Enough water is added to 
allow the mateiials, when well beaten up, to 
form a thick cream or slurry, which is mobile 
enough to How and to be pumped The slurry 
passes through scieeiis to retain stones and grit, 
and LS ground either between millstones or in 
more modern practice in a tube mill, which ls a 
cylinder made of steel lined with a hard material 
! such as quartzite blocks and partly Hlled with 
flint pebbles The cylmdei is set horizontally 
and revolved, the slurry being fed in through a 
trunnion and passing out at the other end. 
Duiing its passage through the cylinder, it is 
ground by the pebbles which are continually 
raised up the periphery of the cylmdei and con- 
tinually drop back through the liquid mass, 
pounding its particles on the limng of the cylinder 
and between the pebbles themselve^s. After being 
thus ground, the slurry flows into large reservoirs, 
caiied dosage tanks, where it is sampled and 

* CorresiKinding with calcium carbonate (CaCO*) 
98 36 p.c 
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analysed and, if necessary, its composition is 
corrected by the addition of more chalk or clay 
In the early ‘days of the industry, the slurry was 

n ared with so large a proportion of water as 
e a thin cream from which the water Was 
allowed to settle in large tanks, the supernatant 
water being drawn off and the deposited solids 
dug out when they had arrived at the con- 
sistency of mud, and this method is still occa- 
sionally practised Usually, however, the 
quantity of water used is the least that will 
allow the slurry to flow (3o to 50 p c of the weight 
of the slurry, according to the nature of the raw 
materials), adequate mixture being thus obtained 
and the delay and cost of double handlmg 
avoided The next step is to dry and burn the 
slurry to clinker The modern method combines 
these operations, the slurry being pumped into 
the upper end of a rotatory kiln {see below), 
where it is dried and burned as it travels down 
the kiln. Before the invention of the rotatory 
kiln, drying was effected either by the heat of 
coke ovens used for manufacturing the coke 
needed m the subsequent burning or by the 
waste heat of chamber kilns {see below), the moss 
thus dned cracking into rough cakes suitable 
for loading into the kiln Where the kiln was 
of a type which provided no surplus heat, the 
slurry was dned independently, crushed, and 
moistened with a little fresh slurry, moulded 
into bricks, ledried and burnt The choice 
among those various procedures depends on 
the land of kiln for which the slurry is 
destined 

When dry raw materials such as limestone 
and shale are used, they are crushed in a stone 
breaker or between rollers, according to their 
hardness, any moisture such as quarry water oi 
damp from exposure to weather being removed 
by passmg through rotating cylmders, heated by 
flue gases, or by an independent fire or m towers 
through which hot air is blown, and are ground 
together in the calculated proportions The 
grinding is performed by ball mills, consisting of 
a drum lined with perforated steel plates and 
partly filled with steel balls, followed by a tube 
mill, such as has been described above, or in 
mills of the Huntingdon class, m which i oilers 
dependmg from spindles attached to a vertical 
axle are driven outwards by centrifugal force as 
the spindle is rotated and bear against a steel 
gnnding ring between which and the rollers the 
material ls ground Jt will be understood that 
many different forms of comminuting apparatus 
can be and are used in cement works, according 
to the nature of the material. Discussion of 
their relative merits would bo out of place in an 
article of this kind The dry raw materials are 
fed as powder (often slightly damped to prevent 
dust) direct into a rotatory kiln or are moistened 
sufficiently to allow them to bo moulded into 
bncks, dried and burnt in one of the kinds of 
fixed kiln. 

Although wet raw materials are naturally 
ground wet, and dry raw materials are ground 
dry, yet occasionally dry raw materials are 
ground wet, it being maintained by some that 
any extra expenditure of heat to drive off the 
water added is compensated for by the more 
intimate admixture of the raw matei lals and the 
ease with which the slurry may be conveyed by 
being pumped or allowed to flow m contrast to 


dry raw materials which reqmro elevators, 
worm conveyors and similar mechamsm. 

The raw matenals finely ground, intimately 
mixed and in correct proportion (containing m 
most cases about 75 p o of calcium carbonate 
calculated on the dry substance, the balance 
being the clayey constituents) are burnt to 
cement clmkers m various types of kiln. 

The eaiiiest was the bottle kiln, a dome- 
shaped brick structure lined with fire bricks, 
having a short chimney and a grate The 
lumps of dned slurry were loaded into this, 
mixed with coke, and the charge fired and allowed 
to burn out, the products of combustion escaping 
at tlie top of the kiln An improvement on this 
IS the chamber kiln shown in Fig 1 It is 
a cup-shaped structure, lined with fire brick, in 
which the dned slimy and coke aie placed in 
layers, commuiiK atmg with a wide flue, which 
forms a floor on to which wet slurry can be lun, 
the far end of the flue being connected with a 
chimney sta' k The hot gases from the kiln 
piopei pass over the sluiiy and dry it, so that a 
charge is ready when the previous one is burnt. 
An oidinaiy chainbci kiln will produce about 
30 tons of clinkei pci iiin, which,^ including 



loading and discharging, usually takes a week, 
and it will burn 40-50 p c of coke, reckoned on 
the weight of clinker pioduced Qflie coke is 
generally bought from gas works, though 
forraerlv coke ovens weie m use at tlie cement 
works themselves, the products othci than coke 
being wasted As the coke and raw matenals 
are mixed in the kiln, the ash of the coke appeals 
in the fimshed cement, raising the proportion of 
silica appreciably , on this account it is cus- 
tomary to use raw m«aterials containing a higher 
percentage of calcium caibonate m a kiln of this 
kind than in one in which the whole of the ash 
IS not retained, so a.s to compensate for the added 
■ulicious matter, but oven with this precaution 
the pioduct is irregular, the ash attaching itself 
chiefly to the outside of the clinker and not 
penetrating to the centre of the lumps Jt is 
impracticable to bum the material uniformly. 
Parts will be almost fused, parts meiely lightly 
calcined and decarbonated, barely smteied and 
not truly clinkered, while yet other jiarts will 
have attacked the silicious liniiig of the kiln, 
forming with it a sort of slag Hence it is 
necessary to pick the charge when it is drawn, 
I ejecting the imderburnt and the slagged 
material, and on the perfection of this picking 
the quality of the finished cement largely 
depends. » 

The shaft kiln is another type of fixed kiln 
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n which the fuel is mixed with the raw material. 
Chore are various forms of shaft kiln, but the 
irmciple is the same m all oases, the raw material 
ind fuel proceeding vei tically down a shaft to a 
Domt where combustion occurs, and passing from 
.his down a continuation of the shaft to a 
Ira wing hole from which the clinker can be ex- 
tracted. Loading and drawing proceed regu- 
arly, the kiln working continuously instead of 
ntermittently, as does the chamber kiln ^'he 
«rorking IS regenerative m the sense that the 
products of combustion from the burning zone 
3ass up through the unburnt raw material, which 
8 thereby heated and the air for combustion flows 
through the hot 
clinker m the lower 
part of the kiln, 
and thus is heated 
before taking pait 
m the Combustion 
The Schneider and 
the Aalboig kiln 
are examples of this 
type, the latter is 
shown in Fig 2 
Another well- 
known shaft kiln 
with the modifica- 
tion that the uppei 
and lower parts of 
the shaft arc not in 
the same vertical 
line, IS the Dietsch 
kiln (Fig 3) In 
this, the heated raw 
material is received 
on a stage between 
the uppci and lower 
part of the shaft 
and passes thence 
into the binning 
zone In the illus- 
tiation, two such 
kilns are shown, 
built back to back 
Th ere ai o a ai lous 
modifications of the 
shaft kiln dilToiuig 
in details of design, 
some working with 
forced diaught 
From their re- 
generative 
mode of work- 
ing, they are 
economical of 
fuel, but lequiro a good deal of model ately 
skilled labour and give a product mixed with 
the asli of the fuel and requiiing picking 

The Hoffmann or ring kiln (Fig 4), laigely 
used for brick making, is also used in the manu- 
facture of cement The materials are moulded 
into rough bricks, and these are stacked in 
chambers arranged round a chimney which 
serves them all. Fuel is distributed between the 
blocks, and the working of the kiln is systematic, 
continuous, and regenerative Passage from 
one chamber to another and to the chimney 
can be controlled, and thus burnmg can be 
carried on in one chamber while the air for com- 
btfttion flows in through hot clinker in chambers 
m which burning has been finished and the 



Pig. 2. — Aalborg Kiln.^ 


hot gases from the burnmg chamber heat the 
raw mateiial in chambers ahead of it on their 
way to the chimney, the chambci icpiesenting 
the locus of combination continually shift- 
ing forward step by step all lound the ling As 
might be expected, this kiln is economical of fuel, 
but costly in labour for loading and unloading 



the chambers, and yields a product lacking 
unifoinuty 

In modem practice, these vaiious kinds of 
fixed kiln have been displaced by the lotaiory 
kiln, which, tlioiigh oiiginatmg in this country, 
was brought to a working success in the 



United States, and began to be adopted here 
and on the Continent about 1898. This 
kiln IS a steel cylinder lined with fire bnek, 
set at a small angle with the horizontal, and 
capable of being slowly rotated round its axis. 
At the upper end the raw material is fed m, and 
at the lower is a burner sufficiently powerful to 
reach a clmkermg temperature (about 14CW)°C.). 
As the cylinder rotates, the raw material travels 
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down the cylinder on account of the inclination, 
and on its journey is gradually raised in tempera- 
ture until it reaches the lower end, where it is 
clmkered and drops out. The process is con- 
tinuous, systematic, and to a considerable 
extent regenerative The labour lequired is 
small and the output lar^e per unit of jdant. 
A large proportion of the fuel ash jiasses througli 
the kiln without attaching itself to the raw 
material, and such portion as remains is in- 
corporated with the raw materials and forms 
part of the finished product instead of being 
largely confined to the surface of the clinker, 
as is the case with the product from fixed kilns 
When burning is carried out properly, the whole 
of the product is uniformly clmkered and needs 
no picking, but may need qucnchmg. 

The earlier rotatory kilns were some 60 feet 
long and 6 feet external diameter. At the 
present tune, an ordinary size is 200x8^ feet 
and laiger have been made and used The 
output of a single kiln of this size is as much as 
1000 tons a week, according to its size, as com- 
pared with 30 to 70 tons a week for a fixed kiln 
A rotatory kiln is lun as nearly as possible 
day and night, including Sundays, throughout 
the year, stoppages being made only for rexiairs 


I or to patch the coating of clinker which forms 
on the fire-brick Immg of the kiln (Fig. 6). The 
I kiln was formerly of uniform diameter, but 
modem designs are of larger diameter at the 
bummg end, so as to jirovide a wider portion 
at the place where combustion is at its height. 
The earliest form of lotatory kiln which ap- 
proached success, was fired with producer gas, 
but many difliculties arose in the use of this fuel, 
and although the idea has merits and has been 
revived, it h^as not reached fruition. Oil burners, 
like a large blast lamp, having the oil spra3'ed in 
by steam or compressed air, are used with com- 
jilete success wheiever oil is cheap enough, but as 
the cost IS too high in most countries, powdered 
coal IS the standard fuel. Cbal, preferably 
bituminous, and containing a moderate amount 
( 10 ji c ) of ash when well dried and very finely 
Xjowdered, can bo used to form a sort of blowpipe 
flame much as if it were a fluid, the powder being 
driven into the kiln by a blast of air and issuing 
fiom a jet much as gas might do, and bummg 
there m a supjily of secondary air supjilied to the 
space around the jet and jireferably xire-heated. 
In actual working, these conditions are realised m 
the folio wmg way . 8 mall coal is dried in a 
rotatory drier heated by an independent fire cr 



by the kiln gases It is jiowdercd very finely 
so as to leave not more than 5 ji c residue on a 
sieve having 180x180 meshes per square inch 
This powdered fuel is fed from a hopper into a 
pipe through which air is diiven by an air 
compressor or a fan, and issues from the mouth 
of this pipe, which passes through a shield or 
screen covering the lower end of the kiln, as a 
jet of dry finely powdered combustible matter 
carried by a blast of air, insufficient for its com- 
bustion and serving chiefly as a means for its jiro- 
pulsion in the form of a jet This jet is set into 
the mouth of the kiln and pointing towards the 
far end. Air for the combustion is drawn m by 
the draught of the chimney stack, with \Vhich the 
upper end of the kiln communicates, and on its 
way passes through a rotating cylinder down 
which IS jiroceeding the red-hot clinker issuing 
from the kiln, absorbing a jiortion of that heat, 
and carrying it to the place of combustion. By 
these means a powerful j‘et of flame is produced, 
the temperature of which is ample for clinkermg 
Either dry or wet raw matenals can be 
burned m a rotatory kiln Dry materials are 
fed m by a screw, the mass being usually slightly 
damped by a small proportion of water m the 
trough in which the screw works, so that the 
fine dusty particles are not earned away by the 


di aught of the kiln Wet iaW| materials arc 
simply allowed to flow in from a trough in which 
the height of the sluiiy is maintained constant 
by a device sm h as a pump moie than capable of 
the maximum flow, the suiplus being letuined by 
a by-pass The water, about 40 p c of the 
weight of the sluiry, is evapoiatcd by the hot 
gases coming from the lower end of the kiln and 
the dried sluiry forms itself into small nut-like 
masses as it rolls round the inside of the cylinder. 
These travel slowly downwards in a spiral path, 
and their temperature rises until the calcium 
carbonate is det omposed, the clay is dehydrated, 
and union begins between the acid and basic 
oxides, the silica, alumina, and feme oxide acting 
in the first and the lime, magnesia and alkalis 
in the second sense, until finally the material 
becomes slightly plastic, and full combination is 
effected at a point near the lower end of the 
kiln, where the tempciaturc is highest The 
white-hot clinker passes into a cooler, such as 
the rotating inclined cylinder already mentioned 
in connection with the heating of the air neces- 
sary for combustion, where it is often sprinkled 
with water for the double purpose of completing 
its coolmg and of hydrating any lime which 
may not nave been perfectly combined in the 
kiln. 
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M'lth dry raw materials the course of opera- 
tions IS the same, save that only the small 
quantity of water used to prevent dust has to 
bo evaporated. 

On account of the fact that cement clinker 
IS a basic matenal and that fire brick is an acid 
substance, using those words in the ordinary 
metallurgical sense, interaction may occur 
between these at a clinkcnng temperature, and 
a slag may be produced Any o\ erheatmg will 
cause the rapid formation of this slag, with the 
result that the clmker will be spoiled and the 
lining destroyed. But if the buniing is properly 
conducted, the action is not uneontrollaole, and 
further can be prevented by the device of heatmg 
down the slightly plastic clinker on to the fire- 
bnck hning, so that it adheres and itself forms 
the true lining, to which, of course, the rest of the 
clinker is chemically indifferent The coating 
breaks away from time to time, and needs to be 
patched by beating down fresh clinker on the 
fire brick thus left bare Linings of less acid 
substances such as bauxite, and basic linings 
such as magnesia bucks, have been tned, but all 
present some practical defect whicli makes them 
less suitable than fiie buck used in the way 
described 

Good well- burnt clinker, whether made in a 
fixed or rotatory kiln, is a hard rock-like mass 
of dark colour, varying from brown to almost 
black The pieces of clinker from fixed kilns 
are chiefly rough lumps of similar size to that of 
the blocks of raw imitcnal, and need a pre- 
liminary crushing in a stone breaker befoie they 
can be ground 1’Iie product from a rotatory 
kiln IS in the form of small rounded masses, 
varying in size from a pea to a walnut Some- 
times a number of these will stick together, 
making a mass a foot or more in diameter, but 
the bulk of the product is small enough to bo 
ground without previous crushing 

Grinding is effected in machines similar to 
those used for prepaiing the raw mateiials Ball 
and tube mills and mills of the Griffin and Hunt- 
ingdon class are in most general use. millstones, 
such as were used for grinding com, having been 
superseded on account of their small output and 
heavy upkeep The clinker is ground to cement 
having a residue of not more than 14 p c on a 
180 X 180-mesh sieve, and is conveyed mechani- 
cally to warehouses where it is stored and bagged 
or filled into casks. In a modern works, the 
whole operation from the reception of the raw 
materials to the filling of the bags is conducted 
almost wholly mechanically, manual labour 
being eliminated as completely as possible, an 
object easily attained with rotatory kilns, which 
do not require to be loaded and unloaded by 
hand 

Testing Portland cement. The quality of 
Portland cement and its suitability for building 
purpose-s is ascertained by various mechanical 
tests and by jts chemical analysis The analysis 
shows whether the constituents fall within the 
recognised linvits stated above, and detects the 
presence of such adulterants as blast furnace 
slag or Kentish rag (a silicious limestone), which 
diner widely from cement m composition or 
contain some characteristic constituent such as 
calcium sulphide, which is almost or wholly 
absent from Portland cement. But as it is im- 
practicable to make a proximate analysis of 


Portland cement, the ordinary analytical figures 
will not indicate whether the raw materials have 
been sufficiently mtimately mixed and suffi- 
ciently thoroughly burnt to form those cementi- 
tious substances constituting sound and service- 
able Portland cement. This question can, 
however, be satisfactoiily settled by physical 
and mechanical tests.* 

(\)des of testmg are in common use in all 
countries, and the following are the principal 
requirements of the Biitish Standard Specifi- 
cation . — 

The fineness to which the cement has been 
ground is a useful indication of quality, masmuch 
as the coarser parts hydrate so slowly as to be 
of little or no cementitious value 

The residue on a sieve 180x180 = 32,400 
meshes per square mch, shall not exceed 14 p c. 

The residue on a sieve 70x70=5770 meshes 
per square inch, shall not exceed 1 p c 

The specific qutvily of cement is a useful 
ciiterion, and shall not be less than 3 10 If 
below the normal value, say 3 10 to 3 15, accord- 
ing to the degiec of aeration to which it has been 
subjected, it may generally be infcired that the 
cement has been underburnt 

The 7nc(hamc<il strength of cement is detei- 
mincd by ascertaining the tensile strain of 
briquettes of 1 square mch section made of neat 
cement, and also of cement mixed with three 
times its weight of standard sand 

The bieakmg stiength of the neat biiquettes 
7 days after gauging shall not be less than 
450 lbs. pel square mch, and of the sand 
biiquettes 200 lbs per squaie mch 

The breakmg stiength of the biiquettes at 
28 days after gauging shall show an increase on 
the breakmg strength at 7 days, and shall be not 
less than the number of lbs per square inch of 
section arrived at fiom the following formulso for 
neat and sand briquettes respectively • — 

Breaking strength at 7 days 

40,000 lbs 

^i^rcaking strength at 7 days 
Breakmg strengtli at 7 days 

10,000 l bs 

Breaking strength at 7 days 

The setting time of cement is useful m aiding 
choice of a cement for a given class of work. 
Three distmct graduations of time of setting aic 
' arranged for, designated as ‘ quick,’ ‘ medium ’ 
and ‘ slow,’ ranging from 10 minutes to 7 houis. 

Finally, the soundness of cement, that is, its 
constancy of volume when set and consequent 
freedom from tendency to expand in the work 
of which it forms part, and thus to subject the 
work to internal stresses sometimes so great as 
to cause its destiuction, can be determmed by 
observmg the alteration of volume and con- 
! dition of test pieces made of the cement and 
' kept under conditions designed to develop and 
accelerate any latent tendency of the kind. The 
! test 18 earned out by means of the Le Chateher 
apparatus, which consists of a small split 
cylinder of sprmg brass or other suitable metal 
forming a mould 30 mm. diameter and 30 mm. 

' high. On either side of the spht is attached an 
, mdicator 150 mm. long with pointed end. The 
! mould 18 filled with neat cement gauged in the 
! usual manner and placed under cold water for 
^ 24 hours, Tt is then boiled in water for 6 hours ; 



128 


CEMENT. 


any alteration in tiie riisbance between the points 
IS an indication of the constancy of volume of 
the cement. The expansion should not exceed 
10 mm. when the sample has been aerated for 
24 hours, or 5 mm. after tiio sample has been 
aerated for 7 days 

The specifications m use on the Contment 
and in America are similar to the British 
Standaid specification as regards their aim, 
winch IS to ensure that the cement shall be 
mechanically strong and ehemically stable. 
The tests themselves are also generally similar, 
the chief dilferences concerning the use of com- 
pressive as well as Umsilo tests and variations 
in the mode of determining the soundness of the 
cement 

Other cements of the Portland class. Roughly 
it may be said that all cements made by burning 
a mixture of calcareous and argillaceous 
materials are of the Portland cement class, 
although they may not bo true Portland cement 
Roman cement is an example. It was manu- 
factured before the invention of Portland 
cement by calcming the nodules of indurated 
chalk and clay called srptana, found m the* Isle 
of Wight, and dredged upon the Kent and Essex 
coasts. On burning, without any preparation, 
these nodules give a eemimt having a composition 
of which the hdioM mg analysis is an example — 


Per cent 

Silica (S1O2) . 19 02 

Insoluble losiduo 5 80 

Alumina (Al20a) 19 30 

Ferric oxide (FeaOg) 7 44 

Manganese oxide (MiiO) 1 57 

Lime (OaO) . . 44 54 

Magnesia (Mg 0) . . 2 92 

Sulphuric anhydiide (SO^) . 2 01 

Carbonic anhydiide (COo) . . 3 43 

Water (H2O) . . 0 25 

Alkalis and loss . . . . . I 46 


100 00 

Roman cement has been almost wholly re- 
placed by Poitland cement It is reddish in 
colour and very quick-setting, this piopeity 
malmig it useful foi work winch has to bo 
exposed to water immediately after it is laid 
Various marls contain chalk and clay m 
about the proportion necessary to constitute 
Portland cement These aie burnt without 
preparation and form what is known as " natural 
cement ’ Cement of tliLs soit is, of course, 
irregular in composition and is apt to be un- 
sound. If well slaked before use, it is a service- 
able material of its class. Magnesian limestones 
contaimng argillaceous matter, are largely used 
in the Umted States for making natural 
cement. The following is an example of their 
composition : — 

Per cent. 

Silica (SiO°) 22 77 

Alumina 4- Feme oxide (AljOg 4- FegOg) . 10 43 
Lime (CaO) . . . 34 54 

Magnesia (MgO) . . . . 21 85 

Sulphuric anhydnde (SO3) . 1*44 

Carbomc anhydnde (COg) . . . 2 84 

Alkalis 3-63 

Water and loss .... 2 50 

100*00 


j Hydraulic limes are cements of the Portland 
I class, and are made by burning limestones con- 
i' taimng sufficient clayey matter to yield tho 
I calcium silicates and aluminates necessary m 
; hydraulic cement. There are two types, with 
, many gradations between them The first is 
I Chaux do Teil, made by burning a limestone 
contaimng silica so finely divided and so evenly 
I distributed that it unites almost completely 
I with the lime without the aid of any corisideiablc 
quantity of fluxing constituents, such as alumina 
and oxide of iron Its composition is shown 
below 

Per cent. 

Insoluble lesidue 0 62 

Sihca (S1O2) . 22 10 

Alumma (AhOa) . . • \ 1 00 

Feme oxide ( Fe203) . j 

Lime (CaO) . . . . 06 72 

Magn€>sia (MgO) . . 1 17 

Sulphuric anhydride (SO3) . 0 49 

Carbomc anhydride (00,) . 064 

Water (H^O) . 6 36 

Alkalis and loss . 1 08 

100 00 

The second instanci' is afforded by the 
hydiaulic lime piepaied fiom blue lias limestone 
occurimg m tho Rugby ihstiict, iieai l^^yme Regis 
and by Abeithaw In this material, the pro- 
portion of alumina is much higher relatively 
to the silica than in the case of tho Chaux 
do Toil An example of its comi^osition is 
appended . 

Per cent. 


Insoluble lesidue 2 39 

Combined silica (SiOo) . 14 17 

Alumina (ALOg) 6 79 

Ferric oxide (F02O3) 2 34 

Lime ((/aO) . 63 43 

Magnesia (MgO) . 1 54 

Sulphuric anhydnde (SO 4 1 63 

(yarbomc anhydnde (CO 2) 3 64 

Water (H^O) 2 69 

Alkalis and loss 1 38 


100 00 

As it 18 not designed in the case of hydiaulic 
limes to cause complete umon of the acid and 
basic; oxides, they mvaiiably contain free lime 
which needs to be slaked Tins is done systema- 
tically by the manufactuicr of lime of tho Chaux 
de Toil class, but is not genoially practised m this 
country the opeiation being performed by the 
user In cither case, peifect slaking ls necessary 
because any negligence in tins lespect will lead 
to expansion in the work of which the lime 
forms part, and the slaking must bo accom- 
plished in such a way that, whilst tho free hme 
is slaked, the cementitious compounds remain 
untouched. 

Cements made from blast-furnace sla?. Blast- 
furnace slag granulated by being run into water 
is feebly hydrauhe if its lime content is suffi- 
ciently high It is used as a puzzuolana {see 
below) If the slag is mixed with limestone so 
as to brmg its composition withm the limits 
indicated for Portland cement, and the mixture 
IS burnt, a product is obtamed which is as much 
Portland cement as if it had been made from 
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chalk and clay There is, however, a material ' tion of slaked hme by its hydration m setting, it 
made in Germany and known as Eisen-Port- will be seen that tliero is a considerable quantity 
land cement, which consists of Portland cement ■ of calcium hydroxide unprovided for by any 
(often made from blast fuinace slag) to which ! acid oxide It follows that this will act in the 
some 25 p c of slag has been added after the ' same way as ordinary slaked lime m combining 
manufacture of the Portland cement itself The with any active silicious substance, and hence 
slag added has a puzzuolanic function similar to that puzzuolanas can be employed as additions 
that of other silicious mateiials which are some- to Portland cement whi( Ii are ustdul m mci casing 
times added to Portland cement Rut apart its content of cementitious matter 
from these uses of slaj/, various patented pro- Use of Portland cement. I’lie original object 
ducts, of which Passow cement and Collos of manufacturing Poitland cement and similar 
cement are examples prepared by treating liquid substances was to obtain a mateiial which would 
blast fuinace slag in such a way that it becomes , both set and would icsist tlie action of water 
delinitcly hydraulic and will set and resist the | Rub it was soon found that the great mechanical 
action of water as does Portland cement, are strength of Portland cement made its use 
manufactured Processes for making these advantageous, oven when it had not to bo 
cements generally consist in suddenly cooling the exposed to water, and at the present day it is 
liquid slag and m adding to it, at the moment the stmetural cement pai ejccdknce, and on 
of coolmg, small quantities of some extraneous account of the great decrease in cost due to 
material such as salts of magnei=uum or the | modern method of manufaetuic, it tends to 
alkalis The cause of the action of the mode' disjiUic all othei building cements, including 
of coolmg and of the addition is obscure, but the j common lime Its largest .ipplication is to 
fact remains that m this manner blast-furnace I form compete by cementing together any cheap 
slag, which untreated is relatively inert, is con- | ineib stony niateiial which may bo locally 
veiled into a true hydraulic cement 1 available and by the use of this substance, huge 

Puzzuolanic cements. Except for hmes which, i works of all kinds aie consti noted at a cost 
being made from a silicious limestone, happened j much mfenoi to that of the same work m 
to possess hydraulic properties, the earliest kind masonry It has been found that Poitland 
of hydraulic cement was made fiom oidmaiy j lemenb, when made into moitar or concrete, 
lime mixed with a puzzuolana, that is, a silicious | will adhere stiongly to non and steel if the latter 
material sufliciently active to combine with the [ is clean and not too smooth, and on this observa- 
hmo and form a cementitious silicate Natural tion the preparation of the material known as 
puzzuolanas are volcanic m origin, the deposits remforced concrete is based It is made by 
known as Roman and Neapolitan puzzuolana, constructing a skeleton of mild steel rods, often 
santorin earth, and trass being examples. tied togethci by steel wiio and hlled m with 

Analyses aie given below of Roman and Poitland cement conende, the steel being so 
Neapolitan pu///uolanas and of a similar mateiial ' disposed as to take the tensile sti esses m the 
fiom Java I coiftposite structure It foitunately happens 

I that the coofhdcnts of (‘xpansion by heat of 
I oidmaiy rnild steed and of concrete are nearly 
; identical, and thus internal stresses, such as 
might o(*cui wheie two diverse materials arc 
I boneled together and exposed to fluctuations of 
' temperature, are of very moderate magnitude 
I and do not apjireeiably influence the mechani- 
I cal stability of the pioduct Although on the 
I whole a permanent mateiial, Poitland cement 
may be injured oi dostioyed under various con- 
ditions incidental to its use Set cement is 
the product of the action of water, but it is 
not mdilleient to the further action of water 
The products of the hydiation of Portland 
cement and its congeners are calcium hydroxide, 
which IS soluble m, and hydrated calcium 
silicates and alummates which ai e decomposable 
by water. Therefore when water has free access 
Granulated blast-furnac e slag, broken brick to set cement and can flow through the concrete 
and burnt clay are artificial puzzuolanas some- or moitar of which it forms part, fhc cement 
times used to produce hydraulic cements when | is dissolved and destioyed In practice good 
added to ordinary lime The quantity to be concrete is made so nearly impermeable that, 
added can be calculated on the assumption that except under heavy pressure, no such flow occurs, 
the liberated lime combines in about the same but if the concrete is loose in texture and the 
proportion with the active silica m these as it flow of water correspondmgly easy, destruction 
doe« with the silica m Portland cement, it bemg is only a matter of time. When the water con- 
understood thet the silicious material is sufli- tains salts of magnesium or calcium sulphate, 
ciently finely ground to unite with the lime In which act on the lime m the one case and on the 
practice, puzzuolanic materials are usually calcium alummate in the other, forming part of 
coarsely ground, and only a fraction of the active the set cement, the rate of destruction is much 
silica enters into combination, the balance of the increased Thus it comes about that m all 
puzzuolana acting merely as an aggregate under-water work, and more particularly in sea 

From what has been said concerning the water, the concrete to be permanent must be 
constitution of Portland cement a.id the forma- impervious. There are minor and local causes 
VoL. II.— r. K 
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of destruction such aa contact with waters con- 
taining dissolved gases, e <j CO^ and com- 
petent to act on the calcareous constituents of 
cement, but in general the failure of a concrete 
structure, when due to chemical action and not 
to mechanical weakness, can bo traced to the 
flow of water, and usually saline water, through 
the fabric B B 

CEMENTATION Iron. 

CEMENT COPPER v. Copper. 

CEMENT STEEL u. Iron. 

CEMENTITE, an iron carbide, FcgC, con- 
taining () 9 pc carbon, is an important consti- 
tuent of cast iron and steel (Abel and Deoiing, 
Proc. Jnst. Mech Jilngmeers, 1885, 30 , Moissan, 
(’ompt. rend 122, 421) Cn steels containing 
I *5 p c or more of carbon, free eementito is 
found crysbilhsed in large pseudo- liexagonal 
plates (Croth, (’hem. Krystallographie, 1000, i ), 
and m practically all steels it exists with pure 
iron (JcDilc), in the eutectic mixture called 
pearhle (Ledebur, Stahl u. Eisen, 1898, 712) 

It IS very brittle and haider than hardened 
steel or glass (H —0) (Muller, Stahl u Eisen, 
1898, 292), ami its pn'sence is the c.ause of the 
hardness of ‘ white ’ or ‘ chilled ’ cast iron 
(Howe, Metallographist, 1901, 177) It is 
recognised imdei the microscope by its hardness 
and rosistaiiCG to etching. 

As rolunutey it is present in rneteoiites 
(Wemschenk, Ann Museum, Wien, 1889, 1, 94) 

CEPHAELINE v Ipboaouanha. 

CERADIA V Olbo-rbsins. 

CERARGYRITE or Hornsilver. Native 
Sliver haloids, Ag(Cl,Pr,r), occurring as small 
holohedral-cubic crystals and as compact masses 
with a homy appearance and texture The 
material is soft (H =-2J), tough, and sectile, and 
cuts like horn. (3n exposure to light, it quickly 
darkens The name ‘ homsilbcr ’ was used by 
C. (lesner m 1505, and the Oreck foim cerar- 
gyrito was first used by V S Beudant in 1832 
After the locognition of the bromide and chloro- 
bromido in 181] and 1842, th(‘ name cerargynte 
came to bo applied more especially to the 
chloride But as the different members of the 
group so closely resemble one another that they 
can often only bo distinguished by analysis, it 
IS more expc'dient to meludo them as sub-species 
under the name cerargynte (.sec Pnor and 
8pencer, Mineralog Mag. 1902, xiii, 174), viz. 

Chlorargynto, AgCl (^Iroy or colourless, 

sp gr 5 •.556. 

Bromargynte, AgBr. Oreenish-grey. 

Embohto, Ag(Cl,Br) Crcenish-grey. 

lodembolite, Ag(Cl,Br,I) Greenish-yellow to 

orange-yellow 

Isomorphous mixtures are the rule, and of 
those sub-spooies Ombolite {q v ), with ohlonno 
and bromine in indefimto proportions, is the 
most abundant Largo quantities of these 
minerals have been mined as silver ores in 
Mexico, (Jhaiiarcillo in Chile, and Broken Hill m 
New South Wales. They occur m the upper 
oxidise 1 zones of veins of silver ore, and have 
no doubt been formed by the action of salt 
waters percolatmg from above. 

Silver iodide forms a distinct mineral {v. 
Iodyritb) crystallising in the hexagonal system, 
but at a temperature of 140° it passes over into a 
cubic modification L. J S 


CERASIN V. Gums. 

CERASINE, -ORANGE, -RED, v. Azo 

COLOURING MATTERS. 

CEREALS. The cereals are the fruits or 
seeds of vanous species of Gramineao In all 
parts of the world they constitute the most im- 
portant food of mankind, and are utilised not 
only for bread corn and the feeding of stock, 
but also for the fabncation of a number of 
fermented drinks and industrial products like 
starch. 

I’ho most widely distributed cereals are 
wheat and bailey, which giow in almost all 
climatas , oats arc moio confined to noithern 
latitudes , maize, and still more so iicc, do not 
ripen, as a rule, north of 45° , whde the millets, 
sorghum, and durra are tiuly tropical or sub- 
tropical in their habits. 

In view of their importance as food, a veiy 
large number of analyses have been made of the 
various cereals grown under all conditions, and 
of the products manufactured from them , the 
most complete sources of information on this 
point are Konig, Ghemie der menschlichen 
Nahr- und Genussm. 1903, and the vanous 
publications of the U 8 Dep. of Ague , Div of 
Ghemistry, paiticularly Bull. 13 (1899), 9, 45, 
and 50 

While each ceieal gram possesses its own 
charactenstic composition, subject to variations 
deter mined by climate, season, vanety, &c , 
they have still a general similarity and possess 
many features m common The predominant 
constituent is always starch, whuh, together 
with certain closely allied carbohydrates — the 
arnylans — and a little sugar, forms from 50 to 80 
p c of the whole gram Various proteins are also 
present m inverse ratio to the caibohydiates , 
they fall as low <vs 6 p c m rice, and use to 20 p c. 
m some varieties of wheat A small quantity 
of fat or oil IS also found, most abundantly m 
maize and oats, where the average percentage is 
j about .5-6 The proportion of fibre and of ash 
varies very greatly according to whether the 
grain of commerce consists of the naked fruit 
alone, lus m wheat, rve, and maize, or whether, as 
m barley and oats, the flowering glumes remain 
.adherent and can only bo removed by subse- 
quent manufacturing processes The ash of the 
cereal grams shows certain marked character- 
istics it 18 always very nch m phosphonc acid, 
up to nearly one-half of the ash when the gram is 
naked ; potash and magnesia predominate 
among the bases, lime and soda being present m 
but small amounts, while still loss cnlorme or 
sulphuric acid (derived from organic sulphur 
compounds) are to be found ; sihca is almost 
absent from the naked grains, but may con- 
stitute 5-20 pc of the ash of those grains 
possessing an adherent husk. 

The structure of all cereal grains shows the 
following features in common : in addition to 
the chaffy membranes of the flower, which may 
or may not be adherent, the grain proper pos- 
sesses several fibrous coats or, skins. Within 
these skins at the end of the gram formerly 
attached to the plant, lies the embryo or germ, 
constituting about 3 p.c of the whole, but the 
greater part of the seed is occupied by the 
starchy endosperm, the outer membrane of the 
embryo which abuts against the endqsperm bemg 
known as the scutellum. The endosperm 
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consists of a senes of thm-walled cells tightly , Vilmonn, Bull Soc Nat. Agr France, 1901, 01, 
packed with starch grams enclosed within a 73 

thin network of protein, but immediately below The composition of wheat is subject to con- 
the skin there exists a row of differently shaped siderable vaiiation, and as the value of the wheat 
cells known as the aleurone layer, especially for broad- making is intimately connected with 
rich m protein It will now bo convenient to the amount of nitrogen it contains, the effect of 
consider the cereals separately. external conditions upon this constituent has 

Wheat. The average composition of wheat > been extensively studied As factors bringing 
from various souices is given in Table I , ox [about vaiiation, wo may enumerate (1) variety, 
tracted from the sources above quoted A ! (2) climate, (3) season, (4) soil, (5) manuimg, 
number of other analyses may also be found m (0) date of cutting, &c 

Table I. — Analyses op Wheat. 


English 
United States 

„ „ New York 

„ ,, Oregon 

„ ,, South Dakota 

Canadian North-West (Fife) 
FraiK’o 

Germany, S and S -W 

winter wheat 
„ spring „ 
Russian, spring wheat 
Aigentmc 
American — duium 
„ — einkorn 

„ — emmer 


(1) High nitrogen content m wheat is usually the ciopping powers of Fnglish wheats, arc now 
associated with a homy tianslucent giain, haiil- grown on a commercial scale 
ness, and stiength (/ c capacity to make a laige (2) (limate is moie potent than any other 

well-piled loaf) These ({ualilies aie most factor in causing vaiiations m the composition 

markedly seen m the wlieats fiom Manitoba, of wheat I.eclerc and Leavrdt (US Dep of 
Kansas, Hungary, and South Russia, wheio tlie Ague i)iv of Chem Jhill. 128, 1910) grew the 
high nitiogen content is mainly due to environ- same varieties of wheat m three localities with 
ment but partly to tho vaiieties grown In wichdy differing climates, and m the next year 
England, where the climate tends to produce a grew on seed from each locality at all three 
soft, starchy wheat, it is found that variety is places, with tho following results as regards 
the chief factor in determining the pioportiou of protein content — 
nitiogen fn tho typical English wheats, the - 
variations in the peicentagc of nitrogen aie 
small, 1 0 to 2 5 p c , according to the season, but Origin of 

coitam wheats, like Rough (Jiafl, Red Lammas seed 

and Golden Drop, always show highei per- 
centages of nitiogen than others like Rivett, — 

Square Head’s Master, and Stand Up, when 190(1 Kansas 

grown alongside on tho same soil and in the same 1907 Kansas 

season Moreover, a few varictms have been 1907 (/alifoinia 

found, notably Fife, a wheat of Galician origin 1907 Texas 

but widely disseminated m Canada and the — 

United States, which retains m England some- Thus the sei'd of Kansas origin and contain- 
thing of the high nitrogen content and strcngtli mg 19 13 pc. of protein, when grown m Cali- 
characteristic of North-Western America, and forma m 1907 yielded grain only containing 
nearly always shows a nitrogen content of well 1 1 00 p e of protein , wheieas m tho same year 
over 2 p c {see Hall, J. Board Agric 1904, seed from the same original stock but grown m 
11, 321 , Humphries and Biffen, J. Ague Sci California in 190(> and only containing i0*38 p c 
1907, 2, ] , papers read at the Winnipeg protein, when moved back to Kansas, yielded 
meeting of the British Association, Jour. Board grain contammg 22 23 p c. of protem In these 
Agnc. 17, 19101 Moreover, Biffen (J Agric cases, the influence of environment is enormous, 
Sci. 3, 1909, 80) has shown that high and low and in the mam tlio strong high nitrogenous 
nitrogen content are Mendelian charactt‘rs horny wheats of tho American North-West, 
which segregate and are inherited without Hungary and Russia, owe these qualities to their 
blending environment They are spring sown when the 

Certain new varieties thus raised, e.g, severe winter is over ; they receive considerable 
Bur^oyne’s Fife and Yeoman, combming the rainfall durmg their early growmg months, fol- 
high nitrogen content and strength of Fife with lowed by great heat with progressive dryness of 



1 Protein in iirodiict 

Protein 


grown Ir 

i 

in seed 

Kan'^as 

Cali- 

fornia 

Texas 

K) 22 

19 13 

10 38 

12-18 

19 13 

22 23 j 

J1 00 

10 971 

JO 38 

22 23 ! 

* 11 33 

18 22} 

12 18 

22 81 

11 37 

1821) 
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the atmosphere, the cycle of growth being com- 
pleted m four months or less. The soft low- 
nitrogenous wheats are generally wmter sown 
with an equably distnbuted rainfall, as in 
Western Europe, though, as the experience of 
California, Oregon, Austialia. and India shows, 
great heat and dryness at the npenmg stage 
will not ensure a high nitrogen content. While 
climates like Kansas impart a high nitrogen 
content to all varieties, some varieties commonly 
grown theie, like Fife, possess a high nitrogen 
content congenitally and retain it in climates 
like the English, where other wheats with a high 
nitrogen content in Kansas at once deteriorate 

(3) Season has a much erreater effcvd than 
manuring in altering the composition of wheat, 
change of season being, in this respect, com- 
parable to change of climate and enviionment 
The variations of English seasons, however, aie 


never sufficient to induce ‘ strength * com- 
parable to that found in the wheats of the 
Amencan North-West, &c 

The following table shows the vanation in 
the composition of wheat grown on the experi- 
mental plots at Rothamsted in 1852, a wet cool 
year, and 18()3, a dry and hot year 

(4) Taken by itself, soil has not a very large 
effect upon the ehaiacter of the wheat grown ; 
in fact, in practice it is difficult to disengage the 
variations due to soil from those depending on 
the changed environment generally, soil bemg, 
as it were, a factor in climate 

(5) The composition of wheat shows some 
variation with the character of the manuring, 
but the variations are not largo The following 
results were obtained with the wheat grown on 
the Rothamsted Experimental plots in 1893, 
the fortieth season in which the plots had been 




2 

3 

7 

10 

11 

— 


Dung 

Un- 

manured 

N 

1^205 

KaO 

N 

only 

N 

^2% 

Weight per bushel, lb. . 

(1852 
* } 1863 

58 20 

63 10 

66 60 

62 70 

66 00 

62 60 

56-90 

62 60 

65 60 
62 50 

Weight of 100 grains, grams . 

(1852 
• {1863 

3 46 

6 35 

2 88 

5 02 

3 08 

4 79 

3 26 

4 61 

2 94 
, 4 76 

Gram to 100 straw 

(1852 
• {1863 

49 60 

67 50 

53 90 

70 40 

41 90 

59 40 

47 30 

74 30 

47 80 
70 40 

Nitrogen in dry gram, p c 

(1852 
• { 1863 

2 02 

1 62 

2 08 

1 65 

2 29 

1 53 

2*48 

1-70 

1-95 

1-79 

Nitrogen in dry straw, p c. 

( 1852 
• {1863 

0*46 

0 25 

0 57 

0 33 

0-87 

0 36 

0 89 

0 35 

0-46 

0*44 

Ash m dry gram, p o . 

( 185:2- 
* { 1863 

1 98 

1 85 

2 03 

1 95 

1 95 

1 73 

1 83 

1 56 

1 96 

1 72 

Ash m dry straw, pc.. 

( 1852 
• {1863 

7 04 

6 42 

7 04 

7 12 

5 55 

5 22 

5 60 
5-40 

6 10 

5 48 


growing wheat with the same manures on the 
same land, thus setting up much more ex- 
treme dilTercnces than would occur in prac- 


tice 





Plot 

Manuring 

Weight 

perhushel 

lbs 

Nl( rogen, 
P c 

Ash, 

p.c 

T 

Unmanuied 

62 7 

1 997 

1 84 

5 

Mineral, no N 

62 3 

2 015 

2 04 

6 

Minerals -f 43 lbs N 

63 1 

2 187 

1 98 

7 

„ -j- 86 Ills Ni 

62 5 

2*401 

1 92 

8 

„ +1291KsN 

86 lbs N only 

62 4 

2 352 

1 89 

10 

59 1 

2 084 

1 70 

2 

Farmyard manure 

63-4 

2 264 

1-96 


The wheats from these plots have also been 
ground and the flours resulting baked scpaiately, 
whereupon they show extreme differences in 
quality and in the character of the loaf they 
yield (/?ee Hall, I c ) 

(6) It will bo seen from the table of composi- 
tion that spnng wheat possesses a higher mtrogen 
content than winter wheat, and it has been 
supposed that the difference can be correlated 
with the shorter penod of growth of the former. 
Direct expenment, however, with the same 
variety of wheat sown at monthly intervals, did 
not support this view (Humphreys, l.c ). In 
the chmates produemg high mtrogen content 


and strength, the wheats must be necessarily 
spring sown, i p spring sowing and high nitrogen 
content are both results due to the same environ- 
ment and are not casually related 

•Similarly, the farmer’s idea that early cutting 
gives rise to strength is not confiimcd by experi- 
ment, though wheat cut green may appear 
somewhat horny Again, premature ripemng is 
associated with climates producing strength, 
though it is not the cause of strength 

(7) Various investigations have been made 
into the change of composition of the grain of 
wheat during its development (Pierre, Mem 
Soc Lmn^ene de Normandie, xv 1869, 1, 220; 
D^herain, Ann Agron 8, 1882, 23; 20, 1894, 
561 ; Adorjan, J fur Landw. 1902, 50, 

193 ; Teller, Arkansas Expt Sta. Bull. 62, 
1899). 

Hall and Brenchley (J Agric. Sci 1909, 
3,195) obtained the results on wheat grown at 
Rothamsted, shown in table on opposite page. 

It will be seen that the immature grain is 
ncher in nitrogen and ash ; it also contains more 
ready-formed sugar, and possesses a slightly 
higher diastatic power Other determinations 
show that in the early stages about thre^ 
quarters, but at ripeness practically the whole, 
of the nitrogen is in the protein form. The 
figures, however, do not support the idea fchat 
in the later stages of filling the grain, only starch 
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Broadbalk, Plot 3. — 1907. 


Date 

Green 
weight of 
1000 grains 

Dry weight 
of 1000 
grains 

Specific 

gravity 

Per cent 
nitrogen in 
dry matter 

Per cent, 
ash in dry 
matter 

Per cent. 
PaOg m 
ash 

Per cent 
dextrose in 
dry matter 

Maitose 
produced 
by 100 of 
dry matter 

July 16 

Grams 

13 75 

Grams 

3 51 

1-116 

2 679 

3 70 

33 66 

_ 



„ 19 

21 05 

5 43 

1 116 

2 406 

3 03 

36 91 

14 99 

339 4 

„ 22 

32-47 

8 14 

1 113 

2 458 

3 14 

36 88 

11 08 

324 7 

,, 25 

39 70 

11 16 

1 116 

2 167 

2 80 

38 73 

7 36 

541 4 

,, 28 

45 95 

14 05 

1 099 

2 119 

2 66 

38 86 

6 71 

650 7 

„ 31 

Aug. 3 

51 30 

17 99 

1 116 

2 055 

2 39 

38 68 

6 23 

597 1 

56 69 

21 15 

1 128 

1 856 

2 38 

40 35 

3 70 

510 6 

„ 6 

57 91 

24 97 

1 113 

I 828 

2 16 

42 54 

2 42 

442 9 

,, 9 

62 48 

28 98 

1 196 

1 801 

2 16 

44 17 

2 17 

412 0 

„ 12 

63 68 

32 20 

1 215 

1 720 

2 09 

44 30 

1 86 

378 1 

„ 15 

63 19 

35 09 

1 218 

1 856 

1 89 

44 06 

1 46 

277 9 

„ 18 

! 70 89 

37 93 

1 231 

I 1 787 

1 96 

46 50 

I 1 99 

441 6 

» 21 

66 30 

38 69 

; 1 204 

1-846 

1 94 

46 13 

1 91 

343 7 

,, 24 

61 01 

37 96 

1 271 

1 778 

1 93 

46 30 

2 02 

322 1 


enters, the material entering the grain is of 
almost uniform composition throughout In 
the final ripening pioce&s, desiccation is the 
most pionounced change setting in 

Carbohydrates of Wheat — ^riie carbohydiates 
piesent in wheat gram have been cKamincd by 
Stone (U S Hep. of Agric , Office of Expt 
Stations, Bull 34, 1896), who found sucrose and 
loducmg sugars, amylans and pentosans, in 
addition to staich, which is the principal con- 
stituent of the endosperm It has also been shown 
by Whymper (Int Cong App (^hem London, 
1909) that the larger granules of the starch con- 
tained m the endospeim are more readily attacked 
by the diastase secreted during geimmation. 

The sugars are chiefly present in the germ, 
and among them Schulze and Frankfurter 
identihcd raffmose (Bei 27, 1893, 64) 

Proteins — ff’he proteins contained in wheat, 
and particularly in flour, have been the subject 
of considerable investigation , references to 
Ritthausen and the other eailier workers will be 
found in Osborne’s papei-s (Amer Chem J 
1893, 15, 392 ; 1894, 16, 524 ; Amer J Phys 
1905, 13, 35; 1906, 17, 223; Carnegie Inst 
Washmgton, 1907, Pub 84), from which the 
following summary has been extracted — 

‘ The proteins of the wheat kernel are 
ghadiUy insoluble in neutral aqueous solutions, 
but distinguished from all the otheis by its 
ready solubility in neutral 70 p c alcohol , 
(jlutemn, a protein having a similar elementaiy 
percentage composition to gliadin, soluble in 
very dilute acid and alkalme solutions, but 
insoluble in dilute alcohol or neutral aqueous 
solutions, and yielding a wholly different pro- 
portion of decomposition products when boiled 
with strong acids ; leucosiHf an albumin-like 
protein, freely soluble m pure water, and coagu- 
lated by heatmg its solution to 50°-60° ; a 
globulin similar in composition and pioperties 
to many globulms found in other seeds, and one 
or more proteoses which are present m very 
small quantity It has also been shown that 
the proteins obtained from the embryo of the 
wheat are the globulin, albumin, and proteose 
above mentioned, and that these form nearly 
all of the protein substance of this part of the 


seed It thus appears that these three proteins 
aic contained chiefly in the embiyo, and that 
gliadm and glutenm foim nearly the whole of 
the pioteins of tlie endospeim, or ovci 80 p c 
of the total protein matter of the seed It is 
possible that a pait of the albumin, globulin, 
and perhaps minute quantities of the proteose, 
are contained also in ilie endospeim, for these 
piotems aie always found m floui from which, 
in the millmg process, the embiyo is very nearly 
completely separated . 

‘ Cluten contains the gi eater pait of the 
protein mattci of the seed, together with a little 
starch, fat, lecithin, and phytocholesterin, and 
possibly some carbohydrate substance oi sub- 
stances of as yet qnknown character These 
non-protein substances are probably not united 
with one another in the gluten, but are mecha- 
mcally mixed The quantity of staich that 
remains in the gluten depends on the thorough- 
ness of the washing, while the other substances 
owe their presence laigely to their insolubility 
in water The chief constituents of the gluten 
are the two proteids, gliadin and glutemn, the 
relative proportions of which vary with the 
variety of wheat from which the flour is made. 
The character of the gluten and the commercial 
value of the flour depend, to a laige extent, on 
the proportion of gliadin to glutenm 

‘ In the moist gluten, these piotems are 
present combined with about twice their weight 
of water, which is gradually lost on exposure to 
dry air or at an elevated tempeiature 

‘ The gliacbn and glutenm are present as 
such in the seed, and are not, as was formerly 
supposed, derived from other protein substances 
through the action of an enzyme This is shown 
by the fact that thev may bo obtained directly 
from the flour by the same treatment as that 
which yields them from the gluten, and under con- 
ditions which preclude the action of an enzyme 
‘ The characteristics of the different wheat 
constituents, the products which they yield on 
hydrolysis, and related questions are also con- 
sidered., and the nutritive value of wheat gluten 
and other proteins is discussed on the basis of 
the kind and amount of the cleavage products 
which they yield on hydrolysis. 
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‘ Tho amount of glutamimc acid which the 
gluten proteins yield is far greater than that 
yielded Dy any of tho other food proteins, with 
the exception of gliadin from rye and hordein 
from barley Tho proteins of the legumes and 
nuts which are used as food yield from 15 to 
20 p c of glutamimc acid, so that the mean 
amount of this ammo- acid from the wheat 
protein is nearly twice as laige The same also 
IS true of ammonia 

‘ Tho pioportion of arginine from wheat 
gluten IS relatively small compared with that 
fiom most other seed proteins, many of which 
yield from 1 0 to 1 0 p e of this base 

‘ The pioportion of lysine is likewise small, 
especially compared with that obtained fiom 
the leguminous seeds. The amount of histidine, 
however, does not differ very greatly from that 
of the other seed proteins What significance 
these diffeiences have in respect to the nutiitivc 
value of these diffeient proteins must be deter- 
mined by future investigation, for it has only 
very recently been discovered that such diffei- 
ences exist * 

Fat — Wheat contains about 1 5 p.c of fat, 
tho liighest proportions being found in the 
wheats from the Canadian North-West It is 
mostly present m tho germ, in which it may 


amount to 15 p o. This oil easily turns rancid, 
and is cliaracterised by a high iodine number 
(115) 

Ash — Analyses of the ash of wheat may be 
found in Wolff, Aschcnanalysen, Berlin, 1871 
and 1880 , Lawes and Gilbert, Chem. Soc. Trans. 
1884, 45, 305 

The table given below, from unjiublished 
Rothamsted records, shows the variations in- 
duced by manuring in 1896, tho forty-fourth 
season in whicl^, tho wheat had been grown on 
the same plots with the same manures. 

Mill piodiicts of Wheat — An account of the 
various pioducts obtained during tho convcmion 
of wheat into floui, with analyses, is contained in 
Part 9, Bull 13 (1898) V S Dep of Ague 
lli\ of Chem See aho Maiirizio, Getieide Mehl 
ii Biot Berlin, 1903. For milling offals, see 
Cianfield, J Ague 8ci 1914, vi 102 

Baking qualities of Wheat Flour — 4’hc cailiest 
attempt to dcteimine tho quality of flour in a 
bakci's sense, i e the powei of the flour to pro- 
duce a large hrm loaf, consisted in estimating 
tho weight of gluten that could be kneaded out 
of a given weight of flour. While this test 
pioved to be of value in compaiing flours from 
similai wheats or fiom wheats grown m the 
same locality, so many exceptions occurred that 


Broadbalk Wheat Grain — Season 1896 


Plot 

2b 

1 

1 3 aud 4 , 


6 

Ash in dry matter 

1 

90 

1 

84 ’ 

1 

88 

Nitiogen in ,, 

2 

115 

1 

835 , 

1 

849 

Feme oxide 

0 

()7 i 

0 

84 

0 

81 

Lime 

2 

40 

3 

30 ! 

2 

70 

Magnesia 

10 

87 

10 

28 1 

10 

31 

Potash 

31 

75 

33 

62 > 

33 

08 

iSoda 

0 

036 

; 0 

101 ; 

1 

0 

007 

Phosphoiic acid 

51 

70 

48 

34 

49 

61 

Sulphuric acid 

0 

89 

1 

52 , 

1 

26 

Chlorine 

0 

020 

0 

305 i 


054 

Silica 

0 

46 

1 0 

55 1 

0 

53 

Sand and charcoal 

1 

29 

1 

1 

38 ' 

1 

86 


no absolute value could be attached to the 
test 

Estimates based on the total nitiogon m the 
flour proved to be subject to the same errois 
Measurements wcie then made of the gliadin, 
the wheat protein soluble m 70 p c alcohol ; 
Flcurent further suggested that tho ratio of the 
gliadin to the glutenm in the gluten determined 
its quality , but these methods in turn bioke 
down under ciiticism {see Hall, Ic) T. B. 
Wood (Jour, Agric. Sci. 1908, 2, 139, 267) 
regards baking quality as dependent on two 
factors • the size of the Igaf is determined by 
the amount of sugar contained in the flour, 
together with that produced in the dough by 
diastatic action. This determines tho evolution 
of (‘arbon dioxide, under the action of the yeast, 
both as to rate and total amount Then the 
quahty of the gluten, which determmes how the 


8 

1 lOab 

1 

> 11 

12 

13 

14 

1 74 

i 

157 

1 72 

1 78 

1 76 ' 

1 76 

2 101 

1 94 

1 931 

1 

1 949 

1 875 j 

1 954 

0 76 

0 98 

0 735 

0 755 

[ 0 744 1 

0 695 

3 00 ! 

! 4 91 

4 63 

4 00 

1 3 21 

4 23 

10 50 

1 10 10 

9 86 

9 96 

9 93 

10 36 

33 23 

34 79 

32 33 

32 62 

33 97 

32 21 

0 084 

0 196 

0 105 

0 115 

0 078 

0 114 

48 97 

43 07 

48 09 

48 30 

48 79 

47 83 

! 128 

3 38 

1 1 49 

139 

1 22 

1 49 

0 205 

: 0 973 

0 199 

0 138 

0 088 

0 279 

0 43 

i 0 64 

0 46 

0 48 

0 45 

0 45 

1 61 

1 40 

1 

i 2 30 

1 

2 18 

1 45 

2 39 


dough will btietch into a sponge and letam 
the caibon dioxide, depends on its physical 
character, which will vaiy enoimously accoidmg 
to the state of equilibiium between tho colloid 
gluten and tho salts in tho water with which it 
IS ill contact Under certain conditions tho 
gluten loses all consistency, its physical character 
being entirely conditioned by the surrounding 
liquid. 

In practice millers now add malt extract to 
certain flours m the dough- making process, in 
order to mciease the evolution of carbon dioxide. 
Soluble phosphates are also mtioduced whereby 
the elasticity and gas-retainmg power of the 
gluten 18 increased The quantities necessary 
depend upon the origin of tho wheat, and must 
be determined empirically for each flour 
mixture {see Wood, Tho Story of a Loaf of 
Bread: Camb»-idge University Press, 1913). 
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Nutritive Value of Wheat . — The nutritive calculated by Chamberlain (U.S Dep. of Agric 
value of various samples of wheat has been ]3iv. of Chem. Bull 120, 1909) as follows • — 




Digestible constituents 


Production 
value 
calories 
per 100 lbs. 

Albu- 

Variety 

Water 

Protein 


Fat 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

minoid 

ratio 

North-West sprmg 

10 11 

11 78 


1 41 

73 04 

1 17 

1-85 

94,717 

66 

Soft winter . 

1055 

9 96 


1 20 

75 24 

1 17 

! 200 

94,760 

79 

Durum 

9 77 

13 02 


1 72 

70 77 

1 33 

2 02 

94,457 

58 

— ~ - - - 










^ 


The analyses give tlie digestible as distinct 
from the total constituents of the wheat, and 
in the last column but one the value of the wheat 
for the production of energy or increased 
weight IS expressed as calories developable from 
100 lbs. of the gram, after allowance has been 
made for the non-digestiblc portions and the 
work consumed m the process of digestion. The 
last column gives the ratio of the non-nitio- 
genous constituents [digestible carbohydrates 
and fibreH-digestible fat X 2*25] to the digestible 
protems. 

The question of the digestibility and food value 
of the different fractions of the wheat giam 
produced in commercial niillmg — the comparison 
between ‘ white ’ and ‘ brown,’ ‘ standard ’ or 
‘ whole meal ’ bread, has received greatly 
moreased attention during the war, which forced 
‘ war bread ’ upon nearly all civilised nations 
Before the war wheat was milled to yield less 
than 70 p c of white flour and 30 p c or over of 
offals, during the war the extraction was raised 
to 80 ji.c and eventually to 90 p c The general 
result of the experience goes to show that the 
digestibility of the included fiactions is highei 
than had been exiiected from pievious experi- 
ments, and that only a comjiaiativelv small 
fiaction of the iiopulation suffers fiom digestive 


tioubles in consequence of eating bread from 
flour containing a marked proportion of husk 
While the old conclusion that white biead is the 
most concentrated and digestible of all bieads 
is confirmed, the utilisation of the wheat gram 
lor human food increases up to the 90 p c. 
extraction, both as legards available energy and 
protein. /Sec Report of the Food (Wai) Com- 
mittee of the Royal Society, J918 The older 
literature is summarised in Hamill, Local 
Government Board Reports on Public Heultli 
and Medical Subjects, No 55, 191 1 

Wheat iSlniiv — The comjiosition of wheat 
straw 18 more vaiiable than that of the gram : 
the more complete the ripening process the moio 
thoroughly will the caibohydrattvs, piolems, 
and valuable ash constituents of the stiaw be 
tiansferied to the giain Tlie variations in the 
composition of the stiaw m lesponse to diffeient 
conditions of soil and manuiing, are minimised 
in the gram, which the ])lant endeavours to 
make of as constant a com]>osition as possible 
I’he following table (Konig) gives a few typical 
analyses of straw, which aie followed by a table 
of tlie mean composition of the ash of stiaw 
fiom w'hcat giown on the Rothamsted plots, to 
illustiato the vaiiation with^manuimg — 


Oiigin 

No of 
samples 

Watei 

Fat 

Piobun 

N free 
extract 

Crude 

fibre 

Ash 

English winter sown 
German ,, 

_ 

J36 

1 3 

3 3 

3 94 ^ 

37 1 

5 3*^ 

— 

! 14 3 

1 2 

3 0 

35 9 

40 8 

4 85 

Amciieaii spring „ 

1 

7 

9 (> 

1 3 

3 4 

43 5 

38 0 

42 


Bkoadhalk Wheat Straw — Mixed Samples, 10 Years, 1882-91. 


Plot 

2 

3 

5 

7 

30 

11 

12 

13 

14 

Ash in diy matter 

8 13 

7 (il) 

7 95 

5 89 

6 02 

5 84 

5 09 

5 93 

5 52 

Feme oxide 

0 31 

0 94 

0 60 

0 50 

0 54 

0 43 

0 33 

0 34 

0 41 

Lime . 

3 64 

4 38 

3 49 

5 08 

8 30 

9 14 

7 71 

5 38 

7 70 

Magnesia 

1 51 

1 51 

1 41 

1 70 

2 29 

2 25 

1 92 

1 53 

2 46 

Potash 

18 41 

13 51 

16 30 

25 84 

13 67 

9 92 

14 ()5 

23 23 

14 88 

Soda . 

0 09 

0 10 

0 09 

021 

0 41 

0 58 

0 57 

0 03 

0 33 

Phosphoric acid . 
Siilphuiic acid 

3 87 

2 97 

4 24 

3 81 

2 26 

4 26 

3 64 

3 38 

3 87 

3 44 

3 81 

4 76 

5 40 

6 72 

i 5 44 

5 32 

5 06 1 

5 31 

Chlorine 

2 92 

1 81 

1 90 

6 59 

2 72 

1 66 

2 88 

5 60 

2 81 

Carbonic acid 

a 

2 

1 

2 1 

2 

1 25 

tiace 

none 

none 

trace 

Silica .... 

64-64 

07 70 

6514 1 

49 59^ 

60 44 

65 20 

61 79 

54-10 

61 08 

Sand and charcoal 

1 41 

3 78 



2 27 1 

1 93 

! 

2 23 

1 52 

1 62 

2 30 

1 81 


I Carboiiyd*ate3. ^ Not determined. 
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Methods of Analysis , — In the analysis of wheat, 
the ordinary methods emjiloyed for feeding stuffs 
are followed, the only special determinations re- 
quired being tliose of gluten and gliadm 

For the determination of gluten, 20 grams of 
dry flour, or of the giound wheat fiom which the 
husk has been sifted, are weighed out on to a piece 
of bolting Bilk, about 8 inches square, moistened 
with water and kneaded up into a paste The 
silk IS then gatheicd together over the dough 
and kneaded in several changes of watei or unefer 
a tap until no moie starchy liquid flows away, 
being finally kneaded m the air until it ceases to 
lose water. The gluten will then generally form 
an elastic coherent mass which can be removed 
from the silk without loss, weighed in its wet 
condition, spiead on a tared sheet of glass or 
porcelain basin, dried at 100*^ to a constant 
weight, and weighed again The ratio between 
wet and dry gluten is regarded as of some 
importance 


For gliadm, 5 grams of flour are put in a flask 
with 250 c c. of 70 p.c alcohol, and shaken in a 
machine for 6 houre The mixture is then 
rapidly filtered, and 100 c c of the solution are 
placed m a Kjeldahl flask The alcohol is dis- 
tilled off and the mtiogen in the residue is deter- 
mined in the usual way Nitrogen X 6 68= 
gliadm. 

Barley. Barley geneially shows a smaller 
protein content than wheat , this difference is not 
only characteristic of the two species, but barleys 
are likely to have been unconsciously selected for 
low protein content, this being the quality most 
desiied by the brewei, who has always been the 
chief purchaser of barley The adherent glume 
and pale fuithei cause an increase m the crude 
fibie and ash, as compaied with wheat 

The following analyses of barley are derived, 
1~(> from the authoi, 7 from Komg (/ c ), and 
8 and 0 from Wiley (/ c ) : — 


1 

Numbir 

ot 

analyses 

Water 

bat 

Piotems 

Cai 

hydi 

bo- 

ates 

Cl ude 
hbre 

Ash 

English Che valid — 













1899 — grown after iCMits 

21 

16 

23 

1 ()5 

9 

69 

()6 

061 

4 

10 

2 

27 

1899 — „ „ wheat . 

7 

16 

44 

1 31 

9 

12 

6() 

05“ 

4 

64 

2 

44 

1900 — prize winners 

7 

16 

30 

1 50 i 

7 

81 

68 

363 

3 

80 

2 

23 

1900 — poor quality . | 

4 

16 

80 

2 28 ' 

10 

78 

64 

24 4 

3 

82 

2 

08 

(fliili Chevalier, 1900 — prize , 

1 

15 

6 

2 00 ! 

9 

44 

67 

046 

3 

61 

2 

25 

Asia Minor, four-rowed — pri/^o , 
Germany, JMiddle and Noith | 

2 

15 

3 

1 86 ! 

8 

75 

67 

478 j 

4 

38 

2 

24 

120 

14 

05 

1 80 

9 

88 

Ot) 

75 ' 

4 

77 

2 

•75 

1 United States 

32 

10 

8 

2 13 

10 

69 ; 

69 

89 

4 

05 

2 

44 

1 Canada 

20 

11 

96 

2 06 

10 

57 

68 

90 

4 

10 

2 

1 

41 


The composition of bailey is afleitcd by 
climate, enviionment, manuring, &c , in the 
same way as the composition of wheat, barley 
being somewhat more susceptible to change 
The commercial value of barley vanes also to a 
much greater degree, not only are there two 
distinct grades — barley for malting and barley 
for feeding purposes, the price of the former 
being nearly 50 p c higher than that of the 
latter, though the two kinds guide off into one 
another — but special puces aie paid foi bailey of 
exceptional quality 


(1) Vaiiety The number of barley varieties 
IS small i ompaicd with that of wheat The two- 
rowed vaiietics fall into two types, wide and 
narrow eaicd, and arc most prized for brewing 
purposes The four-rowed and six -rowed types 
are not so much used for biewmg Stiictly 
comparative analytical data are lacking 

(2) The following data, drawn from the 
Rothainsted lecoids, show the effect of season 
and manuring upon the chaiactei of the barley — 
m 1893, a summer of cxticme heat and dryness, 
and 1894, a wet and cool season . — 


Plot 

Manuring 

Yield of gram 

Weight per bushel 

Gram to 100 straw 

Nltiogen pel cent in 
grain 

1893 

1894 

1893 

1894 

1893 

1894 . 

1893 

1894 

10 

Unmanured 

Bush 

8 3 

Bush 

10 0 

lb. 

55 6 

lb 

51 1 

71 9 

70 3 

1 899 

1 409 

40 

Minerals, no N 

9 9 

13 1' 

56 1 

52 1 

74 3 

79 2 

2 011 

1 467 

lA 

N only 

11 6 

10 4 

55 1 

50 4 

85 3 

67 5 

2 188 

1-646 

2A 

N, P2U5, no K^O 

18 1 

34*9 

54 0 

51 9 

1010 

77 0 

2 129 

1*600 

3A 

N, K,0, no 

N. KApA 

16 8 j 

17 8 

55 8 

61 5 

85 9 

73 8 

2171 

1 614 

4A 

30 8 

41 4 

56 3 

1 

64 1 1 

102 2 1 

77-7 

2 081 

1*440 


The results, as shown m the table at top of 
next page, also obtained at Rothainsted, show 
the effect of nitrogenous manuring 

These results confirm the general opinion 
that barley for malting purposes should not be 
grown on land that is in high condition, either 
as a result of its previous treatment or through 


the recent ajiplication of nitiogenous ferti- 
liseis 

1 Containing starch, 57 9 p c. 

2 Starch -=54 2 p.c 
8 Starch *61*6 pc 

4 Starch = 58 0 p c. 

5 Starch = 61 2 p c 
8 Stfrch«02*4 p.c. 
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Dressed 

grain. 

Weight 

Grain 
to 100 

Offal ! 
giainto 
100 

Nin 

dressed 

J 

per 
bushel 
lbs j 

straw ’ 

dressed 

grain 

gram 

1 P.c 

-Nonitrogen 

58-0 

110 4 

5 9 

1 61 

861 bs per acre orgaulcN i 
86 lbs ixjr acre oiganic 

57-3 

1 

96 6 

12 5 

1 79 

N in the previous year 

55 1 

72 8 

34 9 

2 42 


Composition of Barley — {a) Carbohydrates 
Barley contains soluble sugars, ' which may 
amount to 4 p c of the dry grain ; sucrose is the 
chief constituent, but dextrose is also found, 
and O’Sullivan has shown the presence of rafii- 
nose The mam carbohydrate present is starch, 
of which JHi T Brown and his colleagues found 
65 '5 p c in the dry material of 10 baileys 
examined (Tians Guinness Research Lab 1903, 
1, 91) The same investigators (I c. 190(), 2, 312) 
proceeded to the determination of certain water 
soluble polysaccharides, called by O’Sullivan 
amylans, which yield on acid hydrolysis a 
racemic acid, glucose, aiabmose and xylose 


They further showed that the sum of the sugars, 
starch, and amylans, with a little ash and soluble 
protein, made up the whole of the barley gram 
that goes into solution when the barley is 
extracted with boiling water and hydiolysed 
with malt extract. They obtained fiom 9 5 to 
10 p c of amylans on the dry weight of various 
samples of barley examined. 

In the ‘ grams ’ not rendered soluble by 
diastase, there are considerable quantities of 
‘ furfuroids ’ to be found, besides cellulose and 
fibre 

(Ij) Osborne and Ritthausen have examined 
the proteins of barley, and Osborne (J Amci 
Chem Soc 1895, 17, 639) obtained 4 5 pc of 
an insoluble protein, 4 p c of hordein soluble in 
dilute alcohol, 0 3 p c of leucosm, and 1 95 p ( 
of edestin and proteose soluble m watei It 
has also been shown that a small proportion of 
the mtiogen of barley is not combined as piotcm 

(c) The ether extract of barley ls found to 
contain neutral fats, free fatty acids, and lecithin. 

(d) The following analyses show the com- 
position of the ash of bailey from the Rothani- 
sted plots m 1871 — 


BAunKY — S easo?. 1871. 



1 0 

* 4 0 

1 A 

4 

4 

1 

C 


r? 

— 

Un- 

inaniired 

Complete 

minerals 

Nitrogen 

only 

(as ainmoma) 

Niti ogen 
and 

minorah 

Nitrogen 

only 

(as taper nko) 

Fanny aid 
dung 


Gram 

Stiaw 

Gram 

Straw 

Gram 

stiaw 

Gram 

Straw 

Gram 

Stiaw 

Gram 

Straw 

Ash in dry mattoi 

2 64 

6 17 

2 77 

6 96 

2 38 

551 

2 64 

6 70 

2 84 

5 54 

2 87 

7 55 

Feme oxide 

0 49 

0 78 

0 41 

0 46 

0 35 

0 35 

0 31 

0 44 

0 35 

0 42 

0 31 

0 31 

Lime . 

2 91 

10 04 

2 67 

7 21 

3 20 

9 91 

2 51 

7 56 

2 31 

9 52 

2 22 

6 56 

Magnesia 

7 70 

1 9() 

7 65 

1 44 

7 95 

1 97 

8 07 

1 89 

7 91 

2 18 

7 75 

1 30 

Potash 

29 16 

19 07 

29 87 

27 36 

28 80 

17 ll 

30 07 

33 90 

28 89 

2b 84 

29 23 

29 39 

80 da . 

1 30 

5 85 

0 50 

1 93 

2 16 

13 24 

0 68 

2 10 

0 56 

2 03 

0 40 

2 53j 

Phos phone acid 

34 05 

3 18 

35 95 

4 30 

30 74 

187 

35 64 

3 17 

36 39 

1 

5 44 3() 72 

3 76 I 

Sulphuric acid 

2 24 

5 53 

2 15 

7 26 

1 2 19 

! 4 51 

1 56 

' 5 54 

1 60 

6 02 

1 65 

3 27 

Chlorine 

1 71 

6 9b 

0 71 

7 72 

3 57 

15 10 

0 86 

14 58 

0 68 

4 55 

0 31 

1 1 99 1 

1 

Silica 

19 62 

44 49 

18 99 

42 63 

18 57 

37 98 

20 38 

32 71 

19 85 

42 04 

21 02^42 71 

Sand and charcoal 

1 67 

3 52 

1 40 

2 18 

2 84 

1 64 

0 93 

2 13 

1 80 

1 87 

0 86 

1 68 1 

1 


Barley Products — The chief material pre- 
pared from barley is ‘ pearl barley,’ in which the 
husk and germ have been removed mechanically 
This material is also sometimes ground into 
barley flour. Important by-pioducts for cattle 


I feedmg are also the ‘ grams ’ obtained m the 
brewing piocess after the diastatie extraction of 
the starch contained in malt, and the malt culms 
or spiouts knocked off the paitly germinated 
barley after malting Analyses aio given below' — 


Ash 



Water 

Fat 

^ Proteins 

Carbo- 

hydrates 

' Cruue fibre 

Pearl barley 

14 9 

i 

1 0 

1 

76 

75 1 

0 6 

Malt culms 

11 8 1 

21 

28-3 

42 8 

12 4 

Brewer’s grams (wet) 

75 0 1 

20 

55 

12 0 

45 

„ „ (dry) . 

1 

70 

20 0 

42 0 

16 0 


Maize. Maize or Indian corn is a cereal 
gram characterised by a high proportion of 
carbohydrates and oil but comparatively low 
/ protein and ash. Its composition does not vary 
to iho same degree as that of wheat or barley. 
The average analyses (shown on top of page 138) 


08 

76 

10 

50 


are derived from Wiley (U S ])ep of Agrie. 
Div of Chem Bull 50, 1898) and Konig [I c.). 

The only variation in composition worthy of 
note IS that in ‘ sweet corn,’ varieties of which 
are grown m America to yield immature cobs 
for boilmg as a vegetable, the grains contain a 
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Source 

samp?™; Moisture 

Crude fat 

Proteins 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

United States, Mean . 

— 1 10 75 

4 25 

10 00 

71 75 

1 75 

1 50 

„ „ Northern 

— , 9 98 

5 11 

10 G4 

71 32 

1 41 

1 54 

„ „ Middle West 

— I 12 33 

4 97 

10 89 

68 16 

2 22 

1 43 

„ ,, Pacific slope 

Italy 

Crormany ( 1 880) 

— 9 78 

6 40 : 

8 14 

72 13 

2 07 

1-48 

— 13 13 

3 84 

10 26 

67 72 

2 88 

1 95 

j 14 1 13 00 

511 ! 

8 62 

70 54 

1 38 

1 34 

Hungary ( 1 880) . 

' 38 13 00 

3 85 1 

9 06 

71 10 

1 69 

1 30 


higliei propoition of sugar than is normal, 
especially in the immature state, and also a 
greatei amount of oil. 

Maize oil is expievssed in considerable 
quantities from the germ, which is removed m 
prepanng meal from the gram It is a light 
amber-coloured tasteless oil used for salad oil, 
as a lubricant, and for soap making 

Carbohydrates — Less than 1 p c of sugar is 
present in mai/.e, the greater part being suciose 
with a small amount of reducing sugar Starch 
is the jumcipal caibohydrato, but a little 
dextrin or other gum -like body has been found, 
also furfuroids and pentosans up to about 5 p e 


Proteins — Osbozne has isolated from maize, 
rnyosin, vitelhn and another unnamed globulin^ 
small quantities of two albumins, and zeiUy the 
characteristic protein which exists iii both a 
soluble and insoluble form It is noteworthy 
that zcin, on hytlrolysis, yields no lysin and no 
tryptophan, and certain defects m the nutrition 
of animals fed on maize alone have been set 
down to the lack of these groups in the zeiii 
molecule 

Ash — The following table from Wolff’s 
Ascbenanalyson gives the aveiage comjiosition 
of the ash of maize — 



P c. ash 
m dry 

KaO 

NttaO 

CaO 

MgO 


1^205 

SO3 

biOa 

Hod (icrman 

1-30 

24 33 

1-50 

3 16 

16 00 

1 88 

49 36 

1 00 

2 77 

Amoiitaii 

128 

26 75 

3 85 

2 56 

15 24 1 

2 00 

47 47 

1 20 

1 93 

German 

1 72 

25 73 

— 

2 03 

17 35 1 

1 51 

43 80 

— 

4 99 


Maize Produeh —Maize is ground into a 
meal, ‘ corn flour,’ tlie gcim and the more flinty 
portions of tlie giain being removed, and the 
composition of the meal is set out in the table 
below, in which is also given the composition of 
maize ‘ stover,’ i e the stalk, leaves, &c , without 
the cob 


A large number of commercial products are 
derived fiorn maize, especially starch and 
glucose ; and tlie manufacturing processes give 
use to vaiious by-products — maize germ meal, 
gluten food, &c , used for feeding cattle, but 
their composition dej^ends entirely upon the 
method by which they are prepared. 



1 

Moisture 

Oil 

Proteins 

Carbo- 

hydrates 

Crude 
fibre 1 

Ash 

Cornflour* tin ce samples 

Maize stover 

1^57 

19 81 

1 33 

2 5() j 

7 13 

4 19 

78 3(1 

42 87 

0 87 

26 02 

0 61 

4 55 


Oats, b’lom the food point of view, oats 
form one of the most valuable of the cereals, 
being exceptionally rich m oil and piotein ; it 
IS only the adherent husk which pievents them 


from being the most concentrated of aU the 
food giams Oats show considerable variations 
of composition, as the following analyses indi- 
cate — 


1 Origin 

No. of I 
Analyses 

Watex 

Fat 

1 Middle and Noith 
German 

103 

12 11 

5 30 

French . 

196 1 

12*11 

5 46 

American 

i 22 

12 11 

4 96 

„ (Woild’sFair) 

72 1 

9*96 

4 42 

Scotch 

10 

16 90 

5 59 

Oatmeal . 

16 

7 30 

7 20 

Oatstraw (Scotch) 

10 

15 32 

3*45 


As might be expected, the composition of 
oats varies with vanety, ohmate, season, and 
manuimg, m much the same way as wheat does. 
Of these /variations, those due to the variety of 


Protein 

C''.rbo- 

hydrates 

Crude 

fibre 

Ash 

— 

10 82 

58*23 

10*25 

3 29 

Konig 

3 52 

60*47 

9*18 

3 26 


11*26 

59 35 

9 33 

2 99 


12 07 1 

58 28 

11 92 

3 35 

Wiley 

11 57 

57 54 

8 25 

2 59 

Aitken ^ 

16 10 

67 50 

0 90 

1 90 

Atwater * 

3 04 

52 59 

33 95 

6 96 

Aitken ' 


oat are of most importance, particularly in the 

’ Trans. II & Ag Soc. 1001, v. 18, 292 and 293. 

^ U S. Hep. of Agric. Office of Expt. Sta. Bull. 28, 
1899. 
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manufacture of oatmeal. The proportion of 
husk to kernel is of most significance, and the 
mdividual Scotch analyses, of which the moan 
IS given m the table above, show vanations m 
the fibre of from 6 to 14 p.c , and in oil, the other 
variable constituent, of from 4 to over 8 p c. 


Wilson (Trans. H. and Ag. Soc. 1903, v. 16, 183) 
gives figures relating to the amount and com- 
position of the oatmeal obtained from several 
varieties of oats grown on the same experi- 
mental aiea in Aberdeen, as follows ; — 


Vaiiety 

Year 

Husk, p c 

Oatmeal, p c 

Oil in oatmeal, 

P c 

Protein in oat- 
meal, p c. 

Dun 

1901 

21 98 

66 21 

7 68 

14 37 

„ 

1902 

21 3(5 

64 13 

7 74 

15 50 

Potato . 

1901 

22 24 

66 32 

9 69 

16 44 

>» 

1902 i 

22 47 

64 02 

10 01 

12 31 

Newmarket 

1901 

21 79 

66 66 

4 60 

14 37 

^ 

1902 1 

20 46 

64 84 

6 63 

13 50 


See also Hendrick, Trans H. and Ague See ! Of the vciy laige numbei of other ceical grains 
1910, xxii K) I consumed as food, the following aie among the 

Other Cereal Grains and Products therefrom, most important — 


— 

No ot 
samples 

Watci 

Cl ude 
fat 

Crude 

lirot-ein 

Carbo 

hydrates 

Crude 

fibre 

Ash 

Authority 

Rye 

Gciman 

63 

13 37 

1 84 

11 52 

68 88 

2 55 

1 94 

Konig 

Aineiican (World’s Fan) . 

18 

10 62 

1 65 

12 43 

71 37 

2 09 

1 92 

Wiley 

Rice 








unhulled 

— 

10 50 

1 60 

7 50 

67*40 

9 00 

4 00 

1 

hulk'd . 

— 

12 00 

2 00 

8 00 

76 00 

1 00 

1 00 

Wiley 1 

polished 

— 

12 40 

0 40 

7 60 i 

78 80 

0 40 

0 50 

Millet {Panitum iibiluieeum) . 


i 







unhullod 

6 

12 50 

3 89 

10 61 

61 11 

8 07 

3 82 

Konig 


34 

9 00 

3 25 

12 83 1 

71 50 

8 84 

3 68 

(diambeilam 

liull(3d 

9 

11 79 

4 26 

10 51 

68 I() 

2 48 

2 80 

Konig 

>» 

Soighum mteharatum 

38 

' 15 17 

3 36 

9 26 1 

67 99 

251 

1 71 

„ vulgar e . . ' 

Andropogon soighum | 

12 

11 46 

3 79 

8 90 ' 

70 26 

3 69 

1 95 

)» 

10 

— 

3 25 

11 71 1 

81 68 

1 80 

— 

Chamberlain 


Chambeilairi (/ c ) h<us calculated the feeding 
value of the cereal giain.s of Ameiican oiigm as 
follows — 



Piodiu - 
tion 
value, 
(dD pei 
gi am 

Starch 

cquna- 

Icnt 

Albumi- 

noid 

ratio 

Wheat . 

2C8 

88 1 

66 

Barley . 

1 99 

84 2 

80 

Oats 

1 70 

72 0 

5 8 

Maize 

2 23 

94*2 

12 3 

Emmer 

1*64 

69 4 

6 0 

Emkoin 

1 60 

67 8 

5*2 

Rye 

2 08 

88 2 

(>•9 

Panic U7tb mihaceum 

1*84 

78 1 

11 6 

Andropoejon 6oighuni 

2 06 

87*2 

10 5 


The pioduction value K'picsents the numbei of 
calories of energy available from the giam of 
food, after deduction has been made for the 
energy in the excreta and the energy consumed 
in digestion processes The starch equivalent 
gives the effect of 100 lbs. of these foods m the 
production of fat or external work m terms of 
lbs of pure starch required to produce the same 
effect A. D. H 

CEREBRIN V Enzymes 
CEREBROSE (Galactose) v Cakbohydrates 
CEREDINE, Trade name foi a preparation 
of dry powdered yeast. 


CERESIN. Cciesin occins m commerce in 
the form of thin round masses several inches in 
diameter, liarder than wax, of a dazzling white 
appearance , inodorous, and transparent at the 
edges. The fracture is somewhat similar to that 
of wax, but ceresin does not become plastic in 
W'aim water The meltmg-pomt is between 76° 
and 80°. It is not attacked by acids, either in 
the cold or when heated , nor by alkalis, which do 
not saponify a trace of it. It is entirely volati- 
lised at a high temperatuie without alteration 
Cciesin 18 apiiarently a paraffin , it does not 
appear to be obtained from coal tar, but from 
(Jalician ‘ earth -w'ax,’ t r ozokeiite It is used 
as a substitute for beeswax (J. Soc. C^hem. Ind. 
I!, .372) 

CERFLUORITE e. Y TTROOERITE. 

CERIN and CERYL CEROTATE t Cork; 

Waxes 

CERISE. A trade name for a variety of 
aniline red and acid magenta 

CERITEi A hydrous silicate of cciium 
metals. Rammclsberg’s analysis (1859) showed 
the presence of G4 55 p.c CegOs with 7’28 p.c. 
(La,Di )203 and approximated to the formula 
SSiOg'SHgO. Later analyses showed a 
predominance of lanthanum and didymium, 
suggesting the name lanthanocente. Crystals 
are orthorhombic, but of rare occurrence. 
The mineral is usually foimd as reddish granular 
masses much resembling in appearance certain 

1 Type analyses from >arious data. 
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varieties of corundum, from which, however, 
it IS readily distuiguished by its lower haidness 
(H ; sp.gr. 4’9) It occurs as a bed m 
gneiss at Bastnas m Sweden, and was the 
material in which the element cerium was first 
detected L. J. S. 

CERIUM. Symbol Ce. At. wt 140*25 (H 
Robinson, Proc. Roy. Soc. 1884, 37, 150 ; 
Brauner and Bat^k, Zeitsch. anorg. Ohem 1903, 
34, 103, 207) The most abundant of the rare- 
earth elements. The metal has been prepared by 

(1) the electrolysis of the fused chloride with or 
without an admixture of barium or calcium 
chloiidc or alkali chloride , (2) the electrolysis 
of a mixture of cerium dioxide and cerium 
fluoride (Boidcrs and Stockem, I) R. P. 172529 ; 
Muthmann and Weiss, Annalen, 1902, 320, 231 ; 
1904, 331, 1, 1907, 355, 116). By the latter 
process, the yield corresponds with 57 p.c. of a 
current of 750 ampeies and 7*5 volts with 
current densities of 9-10 amperes and 3 amperes 
per sq cm. at cathode and anode respectively. 

Metallic cerium has the colour and lustre of 
non ; its hardness is comparable with that of 
silver or tm , m p 635® (Hirsch), 623® (Muth- 
mann and Weiss) ; sp gr. of fused product 
of electrolysis 6 92 at 25®, sp.heat 0 05112 
(20°-100°) , hardness (as determined by the 
scleroscope), 25 9 and 9 5 for rolled and freshly 
cut sui faces respectively ; ultimate strength (as 
deterrnmed m an Olsen machme, with test bars 
of 0 212 in diameter), 12,900 lb. per square mch ; 
and no elongation with a constant load at 
350 lb. C^erium is paramagnetic , magnetic 
susceptibihty, (K)-i- 182 2 IQ-® (Monatsh. 1899, 
20, 369) In dry air the metal is modeiately 
stable, but becomes superficially tarnished with 
yellow dioxide. The temperature of ignition 
in oxypn is about 150®-180° (Annalen; 1903, 
325, 261) The metal is malleable and ductile , 
it has a fairly high latent heat of fusion and 
thermal conductivity. The heat of oxidation 
of the metal is 1740 cals per gram, or 60,900 cals 
per gram . equiv. ((JeO, =243,600) ; the wire 
burns even more brightly than magnesium, and 
combmes readily With the halogens. Cerium is 
very slightly attacked by cold w ater , a slow 
evolution of hydrogen occurs in boilmg water, 
and the metal is tarnished black , it is readdy 
dissolved by dilute acids, but concentrated nitric 
acid produces a brown deposit consisting mamly 
of dioxide By heating the metal to 345° m 
hydrogen, cerium hydride is produced, without 
luminescence. At 1000° it combmes with 
nitrogen to form the nitiide , and direct com- 
bination also occurs when the metal is heated m 
sulphur vapour (Hirsch, Met and Chem Eng. 
1911, 9, 540) Alloys have been prepared by 
meltmg cerium with other metals under molten 
sodium and £)otassmm chlorides , the combina- 
tion with alummium, magnesium, bismuth, 
sihcon, or zinc is attended by a generation of 
heat ; liquid and solid cerium amalgams have 
also been obtamed. Cerium silicidc (CelSig) is 
formed by the reduction of cerium oxide with 
graphite and silicon. This compound is buttle 
and when added to cerium m such proportion 
that the mixture contains about 15 pc. of 
sihcon, forms a good pyrophonc alloy. The 
magnesiurn-ccrium alloys are excellent for 
thermal reduction processes smee — the combma- 
tion of the two metals bemg endothermic — 


more heat is developed by the oxidation of the 
alloy than by that of the two metals m admixture 
(Hirsch). 

When scratched or rubbed with a steel edge, 
cerium emits brilliant sparks, and this property 
has been utilised m the preparation of gas 
hghters. For a description of pyrophoric 
cerium alloys, see Engmeermg and Mmmg 
Journal, 1917, p. 212 , Vogel, Zeitsch. anorg. 
Chem. 1917, 99, 25. 

Separation and purification of ceria . — Of all 
the rare earth oxides, ccria is most readily 
isolated in a pure state, and the followmg 
methods have been employed m separatmg this 
oxide from lanthana, prascodymia and neo- 
dymia ; — 

(1) Treatment of the hydroxides suspended 
m aqueous caustic alkalis with chlorine , ceric 
hydroxide lemams unchssolvcd, while the other 
hydroxides are converted into soluble chlorides 
and hypochlorites (Mosandcr, J pr Chem. 1842, 
30, 276 . Mengel, Zeitsch anorg. Chem. 1899, 
19, 67) 

(2) The mixed oxides dissolved m hot nitric 
acid and the solution evaporated down with 
ammonium nitrate until ceric ammonium nitrate 
sepal ates. The double salt is crystallised from 
nitric acid until the oxide left on ignition has a 
light-yellow colour (Auer von Welsbach, 
Monatsh. 1881, 5, 508 , Schottlandcr, Her. 1892, 
25, 378) ; or the mixed oxides are treated 
with four times their weight of concentrated 
mtric acid and giadually heated to 60°. The 
solution, aftei decantation from any msolublo 
matter, is evaporated to a syrupy consistency, 
mixed with water from 10 to 30 times the 
weight of the oxides taken, and 1 gram of 
ammonium sulphate added for each litre of 
solution The liquid is boiled for a few minutes, 
when a pale greenish-yellow precipitate of basic 
ceric nitrate and sulphate is formed, which is 
separated and washed with a solution of a 
mixture of ammonium nitrate and sulphate 
(Wyrouboff and Vcineuil, Sterba) 

(3) The solution of mixed nitrates neutralised 
with ammonia and boiled with magnesium or 
sodium acetate and hydrogen peroxide whereby 
cerium is completely precipitated as a basic 
acetate (Meyer and Koss, Ber. 1902, 35, 672). 

(4) The mixed ammonium double nitrates 
boded with aqueous ammonium persulphate, 
calcium carbonate bemg gradually added to 
kecji the solution neutral. The precipitate con- 
tains all the cerium as ceric nitrate and sulphate 
mixed with calcium sulphate (Witt and Theel, 
Ber. 1900, 33, 1315 , c/. Meyer and Marckwald, 
tbid 3003) 

(5) The joint action of potassium per- 
manganate and a basic substance (mercuric 
oxide, zme oxide, magnesia, sodium carbonate, 
&c ) in neutral solution. Idio precipitate con- 
tains all the cerium as ceric hydroxide (Stolba, 
Ber. bohm Ges Wiss. 1878 , Jlrossbach, Ber. 
1896, 29, 2452, 1). R. P 143106; Meyer, 
Zeitsch. anorg. (diem. 1903, 37, 878). 

The last of the foiegoing methods is generally 
applicable to the mixed oxides of the rare earths, 
and pennits of the complete separation of 
cerium in one operation. These processes re- 
quire to be repeated before the cerium is com- 
pletely freed from the last traces of lanthanuSin ; 
thorium also *13 removed completely, only with 
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some difficulty. The solution of nitrate, mixed 
with an excess of ammonium carbonate, is 
treated with ammonia when the greater portion 
of the thorium is precipitated. To remove the 
remainder, anhydrous cerium sulphate is pre- 
ared and added to lec-eold water, when the pure 
ydrated salt separates (Wy i ou boff and Verncu il, 
Compt. rend J897, 124, 1230; 126, 960; 128, 
1331 ; Urbain, Ann Chim Phys. 1000, [7] 19, 
184 ; Sterba, ibid 1904, [8] 2, 193 ; Brauner, 
Zeitsch. anorg. Chem. 1903, 34, 103 ; Meyer, 
ihid. 37, 378 ; Orloff, Chem Zeit. 1900, 30, 733 , 
1907, 31, 562 ; Neish, J. Amer. Chem. Soc. 1909, 
31, 517). 

Only a small proportion of the cerium 
oxide extracted from raonazitc is used m the 
mantle industry, the greater amount is em- 
ployed in the manufacture of sparkmg alloys 
for cigar lighters, &c. A further quantity is 
used (m the form of fluoride) for impregnatmg 
arc-light carbons ; in weighting silk, in the dyeing 
and photographic industries, and to a slight 
extent in medicine. 

Cerium forms several senes of compounds 
derived from the oxides CegOa, (>40 7(?), CeOg, 
and CeOj. 

Cbroits Compounds. 

Cerium hydride (^eH3(?). Cerium combines 
readily with hydiogen at 250°-270°, yielding a 
brownish- black amorphous hydride which not 
improbably consists to some extent of C0H4. 
'rhia product is stable in dry air at the ordinary 
temperature, but on heating it is converted 
explosively into cerium oxide and nitride 
(Matignon, Compt. rend 1900, 131, 891 ; Muth- 
mann and Kraft, Annalen, 1903, 325, 281) 

Cerous fluoride 2CeF8,H20 (John, Bull Soe 
chim 1874, [2] 21, 533), known also in the 
anhydrous condition, and employed in the 
electrolytic production of the metal {v. sv^yra , 
and c/. Brauner, Ber 1881, 1941 , 1882, 109, 115 , 
Monatsh. 1882, 3 1) 

Cerous chloride CeCl8,7H,0 or 2CcClj,15H,0 
(J. Amcr. Chem. kSoc. 1894, 16, 019; Ber. 1902, 
35, 2622) 

The anhydrous chloride, a fusible deliquescent 
crystalline mass, is obtained by the following 
methods — 

(1) Heating the dry oxalate or cerium 
dioxide in hydrogen chloride (Robinson, Proc. 
Roy. Soc 1884, 37, 150). 

(2) Decomposing cerium carbide with chlorine 
or hydrogen chloride 

(3) Reducing anhydrous cerous sulphate to 
sulphide by heating in hydrogen sulphide and 
decomposing the latter with hydrogen chloride 
(Ber. 1899, 32, 3413) Cerous sulphide and 
hydrogen bromide yield cerous bromide. 

(4) The anhydrous sulphate, when heated 
in a current of chlorine and sulphur chloride 
vapour, IS converted directly into cerous 
chloride. 

The dry chloride is readily soluble m alcohol 
and ebulliosccpio determinations of the mole- 
cular weight in this solvent gave numbers corre- 
sponding with CeClj (Muthmann, Ber. 1898, 31, 
1829). 

It forms double salts with the chlorides of 
mercury, gold and platinum, and of certain 
o]%amo bases. 

Cerous bromide CeBrj, and kdide Celj are 


also known, as are the hromate Ce(Br08)8,9H30, 
and lodate Ce(I 08 ) 8 , 2 H 20 . 

Cerous hydroxide Ce(OH)3, a white pre- 
cipitate obtained from soluble cerous salts with 
ammonia or caustic soda, is stable only m absence 
of oxygen. Exposed to air it becomes slowly 
oxidised to yellow ceric hydroxide, passmg 
through an intermediate reddish-violet stage 
a;Ce(OH)3 yCe(OH)4 (J. Amer. Chem. Soc, 1894, 
18, 649). 

(Serous oxide has not been isolated with 
certainty, since the ignition of decomposable 
cerous salts (nitrate, sulphate, oxalate, &c.) leads 
to the production of cenum dioxide. The re- 
duction of the latter oxide with hydrogen at 
high temperatures gives rise to an unstable dark- 
blue oxide approximating m composition to 
06407 

Cerous sulphide €0383 {v, supra), a reddish 
purple substance (Arm. Ohim. Phys. 1904, [8] 
2, 193), IS moderately stable m air and slowly 
decomposed by boiling water. 

Cerium nitride CeN, obtained by heating 
cerium m nitrogen (Annalen, 1903, 325, 261), or 
by passing ammonia over heated cerium carbide 
(Compt. rend. 1900, 131, 865), is decomposed by 
water, yielding cerium dioxide, ammonia and 
hydrogen. An explosive cerium azide is pre- 
cipitated by addmg sodium azide to aqueous 
cerous nitrate (Curtius and Darapsky, J. pr. 
Chem 1900, [2] 61, 408). 

Cerous nitrate Ce(N03)„6H30, prepared by 
(1) dissolvmg cerium dioxide m nitric acid in the 
presence of a reducing agent ; (2) decomposing 
cerous oxalate with strong nitric acid. De- 
liquescent tnclmic crystals. When heated 
strongly, pure cerous nitrate leaves a residue of 
pale-yellow cerium dioxide, but when praseody- 
mium nitiate is present, the residual oxide is 
blown (J Amer. Chem Soc 1909, 31, 517). 

Cerous sulphate (^3(804)3. The anhydrous 
sulphate is produced by dchydiating the hy- 
drated salt at 400° Above 500° it decomposes, 
leaving a residue of dioxide A saturated solu- 
tion of the sulphate at 0° deposits the dodecahy- 
drato 063(804)3, 12HaO (asbestos-like needles) 
Above 3° this hydrate is labile, and at higher 
temperatures the solution of the sulphate 
deposits hydrates containing 12, 9, 8, 5, and 4 
molecular proportions of water. With the sul- 
phates of ammonium, sodium, and potassium 
cerous sulphate foims double sulphates iso- 
morphous with the corresponding salts of 
lanthanum, neodymium, and praseodymium. 
In moderately strong sulphuric acid, cerous 
sulphate gives rise to the acid sulphate Cc(HS04)3 
(Brauner and Picck, Zeitsch. anorg. Chem. 1904, 
38, 322). This acid salt has been recommended 
as an oxidising catalyst in the production of 
aniline blac*k, 0 3 gram of cerous oxide in this 
form sufficing to develop the black from 6 kilos 
of aniline hydrochloride. 

Cerous carbonate 003(003)3, 5 HaO, prismatic 
crystals, precipitated from solutions of cerous 
salts by ammonium carbonate, forms soluble 
crystalline double carbonates with the alkali 
and ammonium carbonates. 

Cerous cobalticyanide Cea(C 003 N 3 ) 3 , 9 H. 0 . 
The most soluble of the rare-earth cobalti- 
cyanides in 10 p.c. hydrochloric acid (1000 pts, 
of saturated solution contam 10*76 parts of the 
salt). 
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Cerous oxalate 003(0204)3, lOHgO, crystalline 
white precipitate (Power and Sheddon, J. Soc. 
Chem. Ind. 1900, 19, 036), has been used 
medicinally as a sedative in sickness^ particu- 
larly that of pregnancy, also in chronic diarrhoea, 
hysteria, epilepsy, and migraine 

Cerous phenoxide has been recommended as 
a non-irntant disinfectant (J Soc. Ohem. Ind. 
1909, 1221 ; D. K. P. 214782). 

Cerous acetylacetonate 

Ce(CH3 00 OH CO CH8)3,3H80, obtained by 
the interaction of cerous ammonium nitrate, 
ace ty lace tone, and ammonia (Urbam, Ann. 
Ohim. Phys 1900, [7] 19, 184; Biltz, Annalen, 
1904, 331, 334) 

Cerous dimethyl phosphate Ce 2 (Me 2 P 04 ) 8 ,TT 20 

white, hexagonal plates, solubility 79 (> at 25°, 
and about 05 at 95° (Morgan and James, J. 
Amer. Chem Soc 1914, 36, 10). 

For other cerous salts of organic acids, V Biltz, j 
Annalen, 1904, 331, 334; Wolff, Zeitseh anorg 
Chem 1905, 45, 89 ; Morgan and Calien, Chem 
Soc Trans 1907, 91, 477 ; Pharm J. 1907, 78, 
428 ; Rimbach and Kihan, Annalen, 1909; 308, 
110; Pratt and James, J. Amer Chem. Soc. 
1911, 33, 1330 , Katz and James, ibid, 1913, 35, 
872 ; Erdmann and Wirth, Annalen, 1908, 301, 
190 ; Rimbach and Schubert, Zeitsch physikal. 
Chem 1009, 07, 183 , Jantsch and Crunkraut, 
Zeitsch, anorg Chem 1013, 79, 305 

For complex cerium salts, v, Wyrouboff and 
Vorneuil, Ann. Chim Phys. 1900, [8j 9, 289, 
Barbieri, Atti R. Accad. 1908, [5] 17, 1, 640 

Cerio Compounds. 

Cerium carbide CeCa ; microscopic crystals, 
sp gr 5 23, prepared by melting together m the 
electric furnace cerium dioxide (192 parts) and 
sugai carbon (48 p«irts), using a current of 300 
amperes and 00 volts (Moissan, Compt. rend. 
1890, 122, 357, 1897, 124, 1233) 

2Cc02-l-C=Ce208-fCO 
CcaOg + 9C ~^2CeC8 + 3CO 
CeC8 = CeCg “b 

When decomposed with water, the carbide yields 
75*5 p.c acetylene, 20 5 p.c. methane, and 4 p c. 
ethylene 

Cerium silicide Ci'Sij ; small crystals with 
a steely lustre, produced by heating cerium 
dioxide with crystalline silicon, stable in air and 
decomposed by acids (Sterba, (Jompt rend 1902, 
135, 170) 

Ceric oxide (v?/a. Cerium dioxide) GeOg ; 
a white or hght-yellow powder, sp gr 0 405 ; also 
in isotropic oiystals, sp gr 0 70-7 905. The 
amoiphous oxide is ji repared by ( 1 ) tlio oxidation 
of the metal m oxygen ; (2) the ignition of ccious 
salts (nitrate, sulphate, carbonate, oxalate) or 
cenc compounds (hydroxide, nitrate, sulphate) 
The colour of cenc oxide is pure white when 
prepared at low temperatures, but becomes pale 
yellow with decrease in volume on ignition 
(Spencer) It darkens when heated, but 
becomes nearly colourless or at most pale yellow 
when cooled The colour of ordinary ceria is 
probably duo to traces of praseodymium 
peroxide The ignited oxide is insoluble in 
hydrochloric or nitric acid or m dilute sulphuric 
acid. The crystalline form, obtained by heating 
the amorphous variety with sodium chloride, 
borax or potassium hydrogen sulphate, is quite 


unaffected by acids or alkalis. The dioxide is 
reduced with difhculty by alummium and 
magnesium, when the corresponding cerium 
alloys are produced. For further references to 
cerium dioxide, v. Compt. rend. 1895, 120, 063 ; 
1897, 124, 018, 1233, 1300 ; 125, 950 ; 190J, 133, 
221; Bcr 1900, 33, 3003, 3506; Ann Chim. 
Phys. 1904, [8] 2, 193 ; Zeitsch. anorg. Chem 
1903, 34, 103, 207 ; 37, 378) ; Hofmann and 
Hoschell, Bor. 1914, 47, 238 ; Jiedo and 
Birbrauer, Zeitsch anorg Chem 1914, 87, 160 ; 
Bckk, Bor. 1913, 40, 2574 , Reimor, J. Amer. 
Chem. Soc. 1915, 37, 1636). 

Ceric hydroxide Ce(OH)4, a yellowish 
precipitate obtained from soluble cone salts by 
moans of ammonia or the caustic alkalis. Cerous 
hydroxide is slowly oxidised to cenc hydi oxide 
by atmospheric oxygen and more rapidly by 
mild oxidising agents. 

Although cenc hydroxide is more stable than 
the lower hydroxide, the cenc salts are less stable 
than the ceioiis compounds. Cenc chloride 
itself has not been isolated, but its additive 
comiiounds, R^CeClg, with the salts of organic 
bases (pyridine, qumoline, triethylammo, &c.) 
are stable m alcoholic solution. 

Colloidal ceric hydroxide is obtained by 
dialysing an aqueous solution of cenc ammonium 
nitrate The hydrosol is readily coagulated 
and dues to a gummy mass, soluble m hot water 
(Blitz, Bcr. 1902, 35, 4431 , 1004, 37, 1095). 

Ceric sulphate CeOSO^)^ The anhydrous salt 
is produced by heating the dioxide with strong 
sul])huric acid With the diluted acid oxygen is 
evolved, and the lesulting solution deposits, on 
concentration, cen-cerons hydrogen sulphate 
2(10(804)3, Ce2(!804)g,H2^^^4»‘^^i^HaO ( Biauner, 

Zeitseh. anorg Chem. 1904, 39, 201), and then 
yellow hydrated cenc sulphate, (10(804)3,41120. 
The former of these compomids corresponds with 
the mtormodiato oxide Ce4O7(=2CcO2,Ce203). 

Cenc sulphate forms a seiies of double 
sulphates (e g. Co(804)a,2K2S04,2H20) with the 
alkali sulphates. 

Basic cenc sulphates, 4Ce()2,3803,l2H20, 
and 2Ce02,3803,4H20 have been described by 
Hauser and Wirth (Zeitseh anorg Chem. 1908), 
and Ce0aS0s,2H80, and 3Ce0j,4S08 by J. F. 
Spencer (Chem. Soc. Trans 1916, 107, 1265). 

Ceric nitrate Co(N08)8’OH,3H80. This basic 
salt separates from a solution of cenc hydrox- 
ide in nitric acid The normal cenc nitrate 
has not been isolated, but the double nitrates 
R2iCc(N08)8, whore R^ is ammonium or an 
alkali metal, are well-defined crystalline sub- 
stances, having a bright-red colour ; they are 
very hygroscopic and readily soluble m alcohol or 
water The double nitrates R^Ce(N03)e,8H20, 
where R=Mg,Zn,Ni,Co,Mn, form a well-defined 
series. These cerium double nitrates are quite 
analogous to the correspondmg double nitrates 
of thoiium. 

For other cenc salts, Barbieri, Atti R. 
Accad. Lmcei, 1907, [5] 16, 644 ; Ber. 1910, 43, 
2214. For double cenc fluoride^, v. Brauner, 
Ber. 1881, 1944; Monatsh. 1882, 3, 1; Chem. 
Soc. Trans. 1882, 41, 68 ; Rimbach and Kilian, 
Annalen, 1909, 368, 101 ; Pozzi-Escot, Compt. 
rend. 1913, 166, 1074 ; Browning and Flora, 
Amer, J. Sci. 1903 [iv.] 15, 177). 

For cenc acetylacetonate, Ce(CHAe8)4, 

Job and Goisscdlt, Compt. rend. 1913, 157, 50. 
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Cerium peroxide and its derivatives. The 

addition of ammonia and hydrogen peroxide to 
a solution of a cerous salt determines the 
precipitation of reddLsh- brown hydrated cerium 
peroxide Co(02H)(0H)3. When cerous nitrate 
or chloride is added to concentrated aqueous 
potassium carbonate, the solution takes up 
atmospheric oxygen and assumes a deep-red 
colour. The liquid slowly deposits crystal- 
line dark-red potassium per-ctric carbonate 
4KoC03,Ce(C03)303,l2H>0 In the presence of 
glucose, this alkaline solution acts catalytically 
When shaken in the air, oxygen is taken up and 
the per-ceric compound pioduced On stand- 
ing, this substance is reduced by the glucose to 
cerous salt, and the colour disappears Re- 
peated shaking leads to renewed production of 
per-cene compound, so that oxidation and re- 
duction proceed alternately to an indefinite 
extent (Pissarjewski, J. Russ. Phys. Chem Soc 
1000, 32, 009, Zeitsch. anoig. Chem 1902, 31, 
359 , Wyiouboff and Veineuil, Compt lend 
1898, 127, 803 , Job, Compt rend. 1898, 120, 
246, 1899, 128, 178, 1089, 1902, 134, 1052; 
1903, 130, 45 , Engler, Zeitsch anorg. Chem 
1902, 29, 1 , Ber 1903, 30, 2042 , 1904, 37, 49, 
3268). 

Apiplicahom of Cerium ,. — Metallic cerium (in 
the form of ‘ mischmetal,’ v. Cerium Metals), 
has been used in the reduction ot the refractory 
oxides of columbium, tantalum, molybdenum, 

4;c. 

The oxidising action of cerium compounds 
has led to their use in photography (Lumi^re, 
Compt. rend 1893, 116, 574), and as oxidising 
catalysts in organic preparations (Atti R. Accad. 
Lincei, 1907 [5] 10, i 395), and as an ingredient 
of ‘ driers.’ The oxides have been suggested 
for use m colouring glass (Chem. Ind. 1904, 27). 
Cerium salts have been employed as mordants 
in dyemg In the preparation of leather, hide 
powder decomposes cerium salts, fixing the 
element in the form of hydrated oxide. The 
hide paitially reduces ceiic sulphate or ceric 
ammonium nitrate, absorbing oxygen and 
yielding a good quality of leather which has a 
yellow tint and resists the action of water 
(Garelli, Atti R. Accad Lincei, 1907, [5] 10, i 
532). 

In addition to cerous oxalate, other salts 
{e.g, hypophosphate, and double ammonium 
citrate, tartrate and lactate) have been utilised 
medicinally in the treatment of sea-sickness and 
nervous disorders Incandescent gas mantles 
contain about 1 p.c. of ceria and 99 p c. of 
thoria (Meyer and Anschutz, Ber. 1907, 40, 
2639). 

(For the detection and estimation of cerium, 
V . Analysis.) 

For a bibhography of cerium, see Hirsch, 
J. Soc Chem. Ind. 1912, 477. G. T M. 

CERIUM METALS AND EARTHS. (The 
Rare Earths.) The so-called rare earths include 
a scries of basic oxides, very similar m physical 
and chemical properties, which are generally 
found associated in certain rare minerals of 
complex composition (silicates, phosphates, 
titanates, columbatos, tantalates, zirconates). 

The metals contained in these oxides may bo 
divided roughly into two groups, named after 
the minerals cerite and ytterbitCy in which the 
rare earths were first discovered. 


The cerite metals (cerium group) are cerium, 
lantiuinum, neodymium, praseodymium and 
samarium. 

The ytterbite metals (yttrium group) include 
dysprosium, holmium, erbium, europium, gado- 
linium, lutecium, celtium, scandium, Urhium, 
thulium, ytterbium (neoytterbium), and yttrium 
Of the latter section, europium, gadolinium, and 
terbium form an intermediate senes (the terbium 
group) connecting the cerium metals with the 
remainmg raie earths of the yttrium group 
proper. Closely associated with these elements 
18 the metal thorium, and zirconium is generally 
included m the category of the metals of the rare 
earths. 

Historical Summary. In 1794 ytteibite, 
obtained from Ytterby near Stockholm, was 
shown by Gadolin, its diseoveiei, to contain a 
new oxide, to which Ekcberg bubsequently gave 
the name yttria. From the Swedish mineral 
cerite, Klaproth, m 1803, isolated another new 
oxide which is called cena by Beizelius and 
Hisinger, who also examim^d it Thona was 
isolated by Berzelius in 1828 fiom the «-ilieat0 
thorite, found at Brcvig in Norway. 

In 1839 Mosander isolated the oxides lanthana 
and didymia (Annalen, 1839, 32, 235 ; 1842, 44, 
125) from cerite, and also effected a further 
separation from ytterbite of the eaiths erbm and 
icrbia (Phil Mag. 1843, 23, 251 , J pr Chem. 
1843, 30, 288). In 1878 Marignac separated 
from crude erbia a less basic coloiii less component 
which ho called yt f erbia (Compt. rend 1878, 87, 
578), and this fiactionation was speedily followed 
by Nilson’s discovery of scandia, the least basic 
of the ytterbite earths, and its identification as 
the oxide of the hypothetical ekaboron, predicted 
by Mendel^eff. In the same yeai Cleve effected 
a further separation of the old ‘ erbia ’ and 
found two new eaiths, namely thulia and 
holmia (Compt rend 1879, 89, 478, 708). The 
doubt expressed by Marignac as to the homo- 
geneity of didymia was shared by Delafontaine, 
on the ground of spectroscopic evidence (Compt. 
rend. 1878, 87, 034), and substantiated by Lecoq 
do Boisbaudian ((Jompt. rend. 1879, 88, 323), 
who isolated from this earth the less basic oxide 
samaria. The didymia left after the removal of 
the last-mentioned oxide was still legarded as a 
mixture by Brauner (Monatsh 1882, 3, 486; 
Chem. Soe Trans. 1882, 43, 278), and m .1885 
Auer von Welsbach, by fractional crystalhsation 
of the double didymium nitrates of ammonium 
and potassium, succeeded in scx^arating this 
earth into two components, which he named 
ncodymia and praseodymui (Monatsh. 1885, 0, 
477). Lecoq de Boisbaudran now showed that 
Cleve’s holmia was a mixtuie contammg a new 
constituent dysprosia (Comjit. rend. 1886, 102, 
1003), the simple nature of which was after- 
wards confirmed by Urbain (Compt. rend. 1904, 
139, 736, and 1905, 141, 521). 

Gadohnia, which had been recognised by 
Marignac in samarskite (Compt rend. 1880, 90, 
899), was isolated in a more definite form by 
Lecoq de Boisbaudran (Compt. rend. 1889, 108, 
165; 1890, 111, 409, 472), and by Bettendorf 
(Annalen, 1890, 256, 159, 1891,203,164; 1892, 
270, 376), and further purified by Demargay and 
by Urbain and Lacombe (v. Gadolinium). 
Further researches by Demaryay on Cleve’s 
samaria led to the isolation of europia (Compt. 
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rend. 1890, 122, 728), an earth provisionally 
symbolised as 2, and afterwards shown to be 
identical with oxides indicated by the symbols 
Ze and Z$ (Lecoq de Boisbaudran, Compt. rend. 
1892, 114, 575, 1893, lib. Oil, 074) and S« 

(Crookes, Cornpt rend 1885, 100, 1380, 1495 ; 
Proc. Roy. Soc 1885, 38, 414). 

Terhia, whicli occurs only m small amount 
m ytterbite, has been isolated m a purified state 
by Urbain (v Terbium), and Mangnac’s ytterbia 
{l.c ) has been fractionated by Auer von Wels- 
bach (Monatsh. 1900, 27, 035), and separated 
into two components, neoytierhia and Iniecta^ by 
Urbain (Compt rend. 1907, 145, 759) In 1911 
Urbain discovered that the lutecium from 
gadolmite is accompanied by a small quantity of 
a rare earth metal which he called cclttvm 
(Urbain, Compt. rend 1911, 152, 141). 

Occurrence {v Das Vorkommen des selteneii 
Erden, Schilling, 1904 , Phipson, Chein. News, 
1890, 73, 145) The following is a short descrip- 
tion of the most important sources of the rare 
earths • — 

(For details concerning the various minerals, 
^ee under their respective headings ) 

1. Minerals containing chiefly Cerium Earths. 

Cente (ochroite, cererite, cermstem), a 
hydrated silicate contammg 00-70 p c of cerium 
and its allies, together with smaller amounts of 
iron, calcium, and the yttrium earths, found 
in the Bastnas mine at Ryddarhyttan m 
Sweden. 

Orthite (allanite, bodenitc, cenno, muromont- 
ite, iiyrorthitc, tautolite, uralorthite, wasite), 
a double silicate of aluminium and the cerium 
metals (16-25 pc), together with smaller 
quantities of thorium, iron, calcium, and the 
yttrium metals , found in Greenland, Scandi- 
navia (Arendal, Hitteroe, Stockholm), United 
States (New York, North Carolina, Pennsylvania, 
Virginia, Texas), Ural Mountains (Miask), and in , 
several localities m Germany 

Monazite (cryptolite, edwarsite, eremite, 
mongite, turnerite), an orthophosphate of the 
cerium metals ((.e. La, Nd, Pr)i^ PO^, con- 
tammg 40-70 pc of these elements together 
with varying amounts of thorium (0-18 pc), 
it occurs in the plutonic and older volcanic 
rocks, and in the alluvial sands of the rivers and 
coasts of Brazil, North and South Carolina, and 
Travancore, in the Federated Malay States, 
Ceylon and Nigeria, &c 

Mschenite A complex, columbate-titanate, 
containing approximately equal proportions 
(13-23 p c ) of thoiium and the cerium metals, 
together with a small proportion of the yttrium 
group, found at Hitteibe (Norway) and Miask 
(Ural Mountains) 

2. Minerals containing chiefly Yttrium Earths. 

Ytterhite (gadolmite), a basic silicate con- ! 
taming yttrium earths (40-48 p.c.) and cerium 
earths (^10 pc), together with glucmum and 
iron ; found m Colorado, Germany (Harz 
Mountains and Silesia), Scandinavia (Fahlun, 
Hitteroe, Ytterby), and Texas. 

Yttrialite, a silicate of the yttnum metals 
(4.3-47 pc), thorium (10-12 p.c.), and cerium 
metals (5-8 p c.), found in Texas. 

Xenolimey a phosphate of the yttnum metals 


(54-64 p.c.), correspondmg with monazite ; it 
contains also smaller amounts of the cerium 
metals and thorium ; found in Brazil, North 
Carolma, Georgia, Norway, Sweden and Switzer- 
land 

The following minerals contain the 'yitrium 
earths and smaller quantities of thoria and the 
ceiium earths united with varying proportions 
of the more acidic oxides of columbium, tanta- 
lum, titanium, tungsten, tin, uranium, silicon, 
and zirconium 

Fergusomte (bragite, kochelite), found m 
Ceylon, Greenland, Arendal, Ytterby, Massa- 
chusetts, Noith (-arolina, and Texas. 

Yitrotantahtey found in Norway, Sweden, and 
the Ural Mountains. 

Samarskite (nohlite, vietinghofite, ytteroil- 
I menite), found in Canada, C/onnecticut, Noith 
Carolina, and Ural Mountains (Miask) 

Polycrase, found in Canada, Scandinavia, and 
Noith and South Caiolina 

Euxemte (loranskite), found in North 
Carolina, Norway Hitteioe, Brevig), and 
Swaziland 

Many other rare complex minerals (fluondes, 
zircono-silicates, titanates, columbates, tanta- 
lates, uranates, &c ) contain considerable 
amounts of the rare eaiths, which are also not 
infrequently found in small quantities in 
commoner minerals (c q limestones, apatites, 
scheolites, &c ) Traces of the rare earth metals 
have been detected in mineral waters, in the 
ashes of plants, in urine, and m bone ash. 

Extraction of the Rare Eaiths — The finely 
powdered mineral, made into a paste with 
concentrated sulphuric acid, is heated till the 
mass becomes dry and hard. The product is 
extracted with water, the solution treated with 
hydrogen sulphide to remove copper, bismuth, 
molybdenum, &c., and the metals of the rare 
earths precipitated as oxalates by the addition of 
oxalic acid. The oxalates are decomposed at 
400°, the residual oxides dissolved m dilute 
sulphuric acid, and the solution saturated with 
sodium or potassium sulphate, when the double 
sulphates of the cerium metals are precipitated, 
whilst those of the yttrium metals remain 
dissolved 

The complex minerals containing columbium, 
tantalum, titanium, &c., may be decomposed by 
hydiofluoric acid, when the foregoing elements 
form soluble fluorides, whilst the fluorides of the 
rare earth metals are precipitated. Or these 
minerals may be broken up by heating with 
strong sulphuric acid or potassium hydrogen 
sulphate and the rare earths precipitated by 
ammonia from the solution of their sulphates. 
These hydrated oxides are freed from the co- 
precipitated columbium, tantalum, and titanium 
hydroxides by prolonged boiling with nitric acid, 
when the latter hydroxides separate m an in- 
soluble form. The rare earths are precipitated 
as oxalates from their solution in nitnc acid, the 
oxalates ignited, and the resulting oxides sub- 
jected again to the nitnc acid treatment until a 
complete separation is effected. Or the minerals 
may be heated in the vapour of disulphur 
dichlonde SgClg, or carbonyl chloride COCl^, 
when the chlondes of columbium, tantalum, 
titanium, &c., are volatilised, and the rare 
earth metals are converted mto non- volatile 
chlorides (H'cks, J. Amer. Chem. Soc. 1911, 33, 
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1492 ; Barlot and Ohauvcnet, Compt. rend. 
1913, 167, 1163). 

The methods of separating and purifymg the 
rare earths, which will be further described 
under the appiopnate headings (v. Cerium, 
Yttrium ; Terbium ; Thorium, &c.) may be 
divided into the folio wmg two classes . — 

1. Separations based on differences of 
basicity. 

а. The fractional precipitation of the earths 
with bases of varying strengths : ammonia, 
caustic alkalis, magnesium hydroxide, organic 
bases. 

б. The fractional decomposition by heat of 
the solid nitrates and other salts. 

2. Separations based on differences of solu- 
bility. 

Considerable ingenuity has been shown in 
separating the metals of the rare earths by 
takmg advantage of the slight differences of 
solubility exhibited by their salts with acids of 
widely different types. The following series 
does not exhaust the list of compounds which 
have been utilised in these intricate separa- 
tions Sulphates, double sulphates, nitrates, 
double nitrates, chromates, bromates, formates, 
oxalates, succinates, ethyl- sulphates, acetyl- 
acotonatos, dimethyl phosphates, glycollates, 
and sulphanilates ((/. James, J. Amer. Chem. 
Soo. 1912, 34, 767). 

The progress of these separations is con- 
trolled by chemical and jihysical methods. 

1 The chemical control consists m deter- 
mining the equivalent ot any fraction either by 
a gravimetric analysis of its sulphate (Kruss, 
Zeitsch. anorg, Chem 1893, 3, 44 , Wild, tdid 
1904, 38, 191 ; Brill, t/nd 1908, 47, 464 , Jones, 
idtd, 1903, 36, 92 ; Brauner and Pavlicok, Chem. 
Soc. Trans 1902, 81, 1243), or by a volumetric 
analysis of its oxalate (Feit and Przibylla, 
Zeitsch, anorg Chem. 1906, 43, 202). 

2. The physical methods consist m observmg 
the magnetic susceptibility of the fractions and 
their spectroscope characters. The rare earths 
differ considerably m magnetic susceptibility, 
and deteiminations of its amount are readily 
made by the magnetic balance of Curio and 
Choreveau ( Urbam, Compt rend 1908, 146, 406, 
922 , 1908, 147, 1286 , 1909, 149, 37 , 1910, 
160, 913 ; 1911, 162, 141 , 1914, 159, 323). 

The most convenient spectroscopic con- 
trols are (i.) the ahsorj)tion spectra^ exhibited by 
solutions of the salts of many rare earths (e g 
neodymium, praseodymium, samarium, terbium, 
erbium, thuhum, dyspiosium and europium) , 
(ii.) the arc spectra^ m which all the rare earths 
give characteristic Imes both m the visible and 
ultra-violet regions of the spectrum. Carbon 
electrodes are employed, the lower one con- 
taming a hollow in which is placed the salt under 
exammation. The arc spectra are photographed 
and the lines identified by comparison with the 
photograph of an iron spectrum taken under 
similar conditions The method is extremely 
sensitive, although not equally so for different 
elements (c/. Spectrum analysis and v. Exner 
and Hascheck, Die WeUenlangen der Bogen- 
spektra, 1904 ; and Hagenbach and Konen, Atlas 
der Emissionspektren der meisten Elemente, 
1905). Other emission spectra (the game, spark, 
and cathode luminescence spectra) have been 
found to give useful indications m certain cases 
VoL. II.— T. 


(Crookes, Phil. Trans. 1883, 174, [3] 891 ; Proc 
Roy. Soc. 1885, 38, 414 ; 1886, 40, 77, 236, 602 . 
Chem. Nows, 1886, 64, 39, 64, 63, 76, 165 ; 66, 
83, 96 ; 56, 69, 62, 72, 81 ; Chem Soc. Trans 

1889, 65, 255 ; Proc Roy Soc. 1899, 65, 237 ; 
Lecoq de Boisbaudran, Compt. rend 1885, 100, 
1437 ; 101, 652, 588 ; 1886, 102, 153, 899 ;1636 , 
103, 113, 627; 1887, 105, 268, 301, 343, 784; 

1890, 110, 24, 67 ; Bettendorf, Annalen, 1892, 
270 376 ; Baur and Marc, Ber. 1901, 34, 2460). 

Physical and Chemical Properties of the 
Rare Earths and their more Impor- 
tant Compounds. 

Hydrides. The rare earth metals combine 
directly at 220°-270° with hydrogen to form 
brittle amorjihous solids ranging m colour fiom 
bluish-black (Ce and La), indigo blue (Nd), to 
green (Pr), and leadily dissociated at higher 
temperatures (Muthmann, Kraft and Beck, 
Annalen, 1902, 325, 261 ; 1901, 331, 581). 

Oxides and hydroxides. The metals of the 
rare earths wore formerly supposed to be diads 
(c/. Wyiouboff, Bull Soc chim. 1889, [3) 2, 
745, 1899, [3] 21, 118 ; Compt rend 1899,128, 
1573), but they aie now regarded as tci valent 
elements forming oxides of the type R2O3, 
although cerium, neodymium, piaseodymium. 
and terbium are capable of yielding higher 
oxides The more stable oxides ot thonum and 
zircomum are of the foirn ROg The picsent 
view of the valency of the metals of tho rare 
earths is supported by the following facts : — 

(I ) The isomorplnsm of bismuth mtrato and 
certain mtiatcs of the raie earth series (Bodman, 
Ber 1898, 31, 1237) 

(II ) The eryoscopie and obulhoseopic deter- 
mination of tho molecular weights of the chlorides 
and acetylacctonates (Bor 1898, 31, 1829 ; 
Compt rend 1901, 133, 289, Annalen, 1904, 
331, 334) ; these salts arc thus found to have tho 
general formula RX3 

(ui ) The electiical conductivity of the chlor- 
ides and sulphates in aqueous solution (Zeitsch 
physikal Chem. 1899, 30, 193 ; Arner. Chem J 
1898, 20, 606). 

(iv ) The specific heats of cerium, lanthanum 
and didymium (Annalen, 1873, 168, 45 ; Ber 
1881, 2821 ; Bull Soc cliim 1882, [2J 38, 139) 

Tho rare eaith oxides vary considerably in 
basic power, lanthana, praseodymia, neodynua, 
and cena, 06303, being the stronge.st ; whilst 
neoytterbia, lutecia, scandia, and cerium dioxide 
are among the weakest bases of the senes. In 
general, the oxides (R2O3) of the cerium metals 
are stronger bases than those of the yttrium 
group 

Tho hydroxides are thrown out of solution as 
gelatinous precipitates by ammoma, ammonium 
sulphide, and the caustic alkalis, even in tho 
presence of ammomum salts ; but this precipita- 
tion IS prevented by citnc or tartaric acid 
(except m the case of scandium). Unhke 
thonum and zirconium, the metals of the 
cenum, terbium, and yttrium groups are not 
precipitated as hydrated peroxides from neutral 
solutions by hyorogen peroxide, but their per- 
oxides separate from alkalme solutions (Brauner, 
Ber. 1881, 14, 1944 ; Cleve, Bull. Soc. Chim. 
1886, [2] 43, 63). These peroxides are very un- 
stable, evolving oxygen at even the ordinary 

L 
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temperature ; they are completely destroyed by 
acids ( v . Cbbium ; f /. Melikoff and Pissarjewski, 
Zeitsch. anoig Chem. 1899, 21, 70). 

Chlorides. The cliloiidcs of the rare earth 
metals are deliquescent salts leadily soluble m 
water or alcohol, and crystallising from the 
former solvent with b or 7 molecular proportions 
of water. The anhydious chlorides, which are 
fusible at red heat, but very slightly volatile aie 
obtained either by evapoiating their solutions 
to dryness with ammonium chloride, by heatmg 
the coricsponding oxides with eaibon in a stream 
of chloiine, or prefeiably by heating the oxide or 
dry sulphate in a current of sulphur chloride or 
carbonyl chloiido or carbon tetrachloiide 
(Matignon and Bouiion, Compt. Kuid 1901, l.*]3, 
289, 1902, 134, 657, 1308 , 1904, 138, 631 , 1905, 
140, 1181 , Muthmann and Stutzel, Ber. 1899, 
32, 3413 , Petterson, Zeitsch anorg Chem 1893, 
4, 1 , Chauveret, Compt rend 1911, 152, 87). 

The chlorides of the rare earth metals com- 
bine additively with ammonia and organic bases 
(e.f/, jiyridme , c/, Comjit. lend 1905, 140, 141 , 
J. Amer. Chem. Soc. i 902, 24, 540 , 1903, 25, 
1128 , Ber. 1902, 35, 2022), and exhibit a great 
tendency to form double salts with the less 
electropositive metals The platiiuchloiides of 
the cerium metals are isomorphous and eiystal- 
Iiso in regular octahedra (Ber. 1876, 1722 , 
Annalen, 1878, J 91, 331) 

Fluorides. The rare earth metals, including 
thoiium, arc pieeipitab'd completely as gela- 
tmous duorides by soluble huoiides and by 
hydrofluoric and fluosilitie acids, in this respect 
differing from zirconium, which foims a soluble 
double lluonde. 

Nitrides. The rare earth metals when heated 
combme directly with nitrogen to foim nitiides 
of the type MN They are buttle amoiphous 
solids, decomposed by moist air or by water, 
forming ammonia and the corresponding 
hydroxide. 

. Nitrates. The nitrates of the larc earths 
dissolve leadily m water or alcohol, those of tlie 
cerium giouji crystallismg with 6 molecular 
pro])ortions of water, whilst the coiiespoiidmg 
salts of the yttrium gioup contain 3 4) molecules 
of water. The cerium metals readily furnish 
stable crystallisablo double nitrates with the 
umvalcnt and bivalent metals (ammonium, 
sodium, magnesium, &c ) 

Sulphates. The rare earths dissolve m dilute 
sulphuric acid, and the solutions deposit 
hydrated sulphates containing frequently 4, 8, 
or 12 molecules of water The oetahydrated sul- 
phates of praseodymium, neodymium, yttrium, 
gadolmium, and ytterbium are isornoiphous 
(monoclmic) ; but the cerous salt Ce 2(804)3, 
tegO IS rhombic. With excess of acid, the 
normal sulphates of the rare eaiths aio con- 
verted mto acid sulphates of considerable 
stabihty (Bull. Soc. chim 1889, [3] 2, 745 , 
Compt. rend. 1902, 134, 657 ; Zeitsch anorg 
Chem. 1904, 38, 322 , Chem Soc Trans, 1902, 
81, 1243 ; James and Holden, J. Amer. Chem 
Soc. 1913, 35, 559). 

The sulphates of the rare earths have the 
characteristic property of combmmg with the 
alkali sulphates ; the double sulphates of the 
cerium group are only sparingly soluble in 
concentrated solutions of the alkah salts, whilst 
those of the yttrium group are readily soluble. 


The double sulphates of the terbium group 
occupy an intermediate position, bemg modo- 
lately soluble m solutions of alkali sulphates 

Carbides ot the raie eaith metals may be 
prepared by heating the oxides with caibon m 
the electiic furnace. They have the gencial 
formula MCg They are brittle, crystalline 
solids, transparent in thin layers and of a yellow 
colour. They arc decomposed by water, 
formmg a mixtuie of acetylene, hydrogen, 
ethane, and ethylene, and the hydroxide of the 
metal M(OH)3 

Carbonates. Ammonium, sodium, and potas- 
sium carbonates precipitate the neutial 01 basic 
carbonates from solutions of the laic earths , but 
these piecipitates aio soluble in excess of the 
reagents, and from the solutions thus obtained, 
crystalline double carbonates aie deposited on 
evaporation. The caibonates of the yttrium 
metals aie geneially moie soluble than those ot 
the cerium group in solutions of the alkali 
carbonates. 

Oxalates. The rare earth oxalates are 
piccipitated by oxalic and or soluble oxalates 
in neutral or acid solutions, and the sparing 
solubility of these compounds m acids is a 
characteiistic pioperty which serves to .sepaiate 
the raie earths from other metallic bases (Bin. 
1898, 31, 1718 , 1899, 32, 409) 

The oxalates of the laie eaiths propel dis- 
I solve only slightly in ammonium oxalate, 
dilfeimg in tins respect fiom the oxalates ot 
thorium and ziicomum, the lattei being also 
soluble in fiee oxalic acid (Cdiem 8oe Tians. 
1898, 73, 951) Aqueous ammonium acetate 
dissolves the oxalati's of the yttiium group (Bull 
80C. chim 1896, [3] 15, 338) 

Formates. The f 01 mates of the cerium 
group are less soluble than those of the yttrium 
group These salts have proved useful in 
scpaiating the elements of the teibium gioup. 

Acetates. The acetates of the ceiium gioup 
are veiy soluble and ciystallisc with difhculty ; 
those ot the yttrium group are less soluble 
Boilmg with sodium acetate precipitates zii- 
conium and thorium from solutions of their 
soluble salts, but not the raie earths projici, 
excepting cerium from ceric salts (Bci 1902, 35, 
672). 

Acetylacetonates. Acetylacetone furnishes 
wcll-ciystaUised salts with the raie earths, and 
the fractionation of these compounds fiom 
alcohol has served in the sepaiation of the 
yttrium group (Uibain, Compt. rend. 1897, 124, 
618, Bull. 80c chim 1897, [3] 17, 98, Ann 
Chim Phys 1900, [7] 19, 184, Biltz, Annalen, 
1904, 331, 00, Zeitsch anorg. Chem. 1901, 10, 
218 , Hantzsch and Desch, Aimalen, 1902, 
323, 26 , Blitz, ibid. 1904, 331, 334 , James, J. 
Amer Chem. 8oc. 1911, 33, 1332 ; Morgan and 
Moss, Chem Soc Trans. 1914, 105, 189) 

Dimethyl phosphates. A solution of the 
rare earths is made in dimethyl phosphoric acid, 
the temperature raised and the piccipitate 
collected ; additional fractions fire obtained by 
evaporating the mother liquor. In the case of 
a material contammg gadolmium with just 
sufficient terbium to colour the oxide orange- 
brown, the gadolmium collects in the most 
soluble fraction, and the terbium in the least 
soluble. Lifeithanum, cerium, praseodymium, 
and neodym'um are left in the mother liquor. 
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Samarium, europium, and gadolinium are much 
loss soluble than these, but more soluble than 
terbium, dysprosium, and holmium, erbium 
thulium, yttnum, and ytterbium collect m the 
least soluble fractions (Morgan and James, J. 
Amer. Chem. Soc 1914, 36, 10). 

Tlic MelaU of ilie Rare Earths . — The oxides 
of the raie earths are very refractory substances, 
which have not been reduced directly ; the 
metals aie generally set free from the anhydrous 
chlorides. This reduction may be effected with 
sodium or potassium, but is preferably carried 
out electiolytically. The dry chloiides, mixed 
with a small piopoition of alkali chloride, or 
barium chloride, are electrolysed m a copper 
crucible, fitted with carbon electrodes, the 
electrolysis being carried out with a cuirent of 
30-40 amperes and 12-15 volts. The mixed 
metal collects in a molten state lound the 
catholic, which passes through the bottom of the 
crucible The anode is movable, so that 
the losistanee and therefore the temperature 
can bo increased until all the sepaiatcid metal 
melts together. A yield of 750 giams of metal 
can bo obtained with a current of 120 ampeies 
ill 0 hours. 

With the mixed clilondcs, prepaied fiom the 
waste oxides of the thoiia manufactuie, the pro- 
duct 18 the so-called ‘ mischmetal ’ (Oc, 45 p c ; 
La, Nd, Pr, 35 p o. ; Sm, Ei, (hi, Y, 20 p e ), 
which lias been used, like aluminium m the 
Goldschmidt process (‘ thcimite ’), to elfect the 
icduction of the icfractory oxides of molybde- 
num, vanadium, columbium, and tantalum i 
(Muthmaim, Hofer, and Weiss, Annalon, 1902, | 
320, 331 ; 1904, 331, 1 ; 1905, 337, 370). i 

Bibliograj)hy of the Rare Earths — Rohm, | 
Darstellung dcr seltenen Eiden ; Bi owning, 
Introduction to the Raier Elements , Abegg, 
Handbuch dm* Anorganisi hen ('hemie, vol in 
pait 1 , lleizfeUl and Korn, Lhemie der sel- 
tenen Eiden , Wyrouboll and Veineuil, L.\ 
Chimio des Teiies Rares G T M 

CEROSIE V Sugar cane wax and waxes. 

CEROSILINE V Waxes. 

CEROTENE O 27 H 5 , A crystalline hydro- 
carbon, in p 65°, found by Ivonig and Kiesow 
(Ber 6 , 500) associated with cholesterol m the 
fat wax of hay and stiaw, and detected by 
Knccht and Hibbert in ordinary liousehold 
chimney soot (Mem Manchester Phil. Soc 1914, 
58, f 21 1) 

CEROTIC ACID CajHgi COOH is found free 
in beeswax (Btodie, Phil Tians 1848, 1 147, 
Marie, Ann Chim. Phys 1896 [7], 7, 145) and 
(ombined as ceryl cerotato m insect wax 
(Biodie, lx , llenriques, Ber. 1897, 30, 1415), 
though some doubt has been expressed as 
to the identity of the latter acid with that m 
beeswax. 

CEROTIN Waxes. 

CEROTINE-ORANGE, -PONCEAU, -SCAR- 
LETS, -YELLOW V . Azo- colouring matters. 

CEROXYLIN V . Waxes. 

CERULEIN V . Alizarin and allied colour- 
ing MATTERS. 

CERUSSITE. Native lead carbonate 
(PbOOg), of some importance as an ore of lead 
(Pb, 77 5 p.c ), being known as white lead-ore. 
It cryi^allises in the orthorhombic system and 
IS isomorphous with aragonite (CaCOs) and 


witherite (BaCOg). Six-rayed stellate groups 
I of twinned crystals are extremely chaiacteiistic. 
The crystals possess an adamantine lustre, aie 
very heavy (sp gr 6 5), and effervesce with 
dilute acid , they are very brittle, breaking with 
a blight conchoidal fracture ; hardness, 3-3 J.- 
The mineral occurs in the upper oxidised /ones 
of veins of lead ore, having been formed by the 
action of carbonated surface waters on galena 
Enormous deposits of ccrussite intermixed with 
embohte (silver ch loro -bromide) and lodyrite 
I (silver iodide) have been extensively mined at 
! Broken Hill m New South Wales, where little or 
! none of the oxisided oie now remains Inti- 
; rnatcly mixed with hemimorphite (hydrated zinc 
' silicate), it IS abundant at Bioken Hill jii Noith- 
[ We-stein Rhodesia At both of these localities, 

I many finely crystallised specimens have been 
found L J S 

CERYL ALCOHOL Waxes. 

CETIACOL. Trade name for pyrocatechol 
methylcetyl ether 
CETINE V . Waxks 

CETOSAN. Trade name for a mixtuie of 
the higher alcohols of spermaceti, mamly cetyl 
and octodccyl alcohols, with vaseline. When 
shaken with water, it forms a pcimanent creamy 
emulsion (Blatz, J Soc ('hem Ind 1908, 865) 
CETYL ALCOHOL. CETYLIC ACID and 
CETYL- ACETIC ACID {v Spermaceti). 
CETYLMALONIC ACID 

C1I,(CH,)„OH(CO,H), 

Prepared from a-cyanstearic acid and potash 
(Hell and Sadomsky, Ber. 1891, 2781), 01 
diethylmalonic ester, methyl iodide, and cetyl 
iodide (Guthzeit, Annalen, 206, 357) , rn p. 
121 5°-122° 

CEVADINE AND THE ALKALOIDS OF 
VERATRUM SPP. Tlie sources principally 
concerned ate the seeds of Schoe no( a iilon offwimle 
(A Gray) [A^tfqtcea nffitituiln (Lmdley)], and 
j the rhizomes of Vctatriim vinde (Ait.) (green 
I hellebore) and Veratrum album (Lmn.) (whiti^ 
1 hellebore), all of which belong to the N O. 
Lihaccm^ and have nothing in common with the 
hellebores proper, which belong to the N O. 
Ran UHL lilac ccB The alkaloids present m these 
three diugs aie as follows . — 

SabadilUt seeds (^evadme (crystallised veratnne) 
Cevine (sabadmme) 

Veratridine (amorphous vera- 
trme) 

Sabadillmo (cevadilhne) 
Sabadine 

White Hellebore Proto veratnne 
Jervmo 
Pseudojervine 
Rubijorvme 
Protoverati idine 
Voratralbme 

(heen Hellebore Gevadino 

Veratndme 

Jervine 

Pseudojervine 

Veratralbme 

It should be noted that there has been con- 
siderable confusion m the nomenclature of these 
alkaloids. Commercially the name ‘ veratrme ’ 
IS apphed to an amorphous mixture of alkaloids 
obtained from sabadilla seeds. The name 
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veraCnne is also frequently applied to vcratn- 
dme, usually, however, with the prefix ‘ amor- 
phous,’ and to cevadine, with the prefix ‘ crys- 
tallme.’ The name veratridmo was also applied 
by Robbins (Phann. J. 1877-1878, [m.] 8, 316) 
to a crystalline alkaloid contained m green 
hellebore, and which, m some respects, resembles 
protoveratrme It is not identical with Bosetti’s 
veratndme isolated from sabadilla seed (Bcr. 
1883, 16, 1384). 

Alkaloids of Sabadilla Seeds. 

[ Cevadine {crystalh'ied veratnne) C32H490|>N is 
the chief alkaloid of sabadilla or cevadilla seeds 
{Schoenocaulon officinale [A. Gray]). 

Preparation. The finely -powdered seeds arc 
extracted with alcohol, containing 1 p.c. of 
tartaric acid. The acid liquid is evaporated 
and diluted with water, to piecipitato lesin. To 
the clear solution soda is added m slight excess, 
and the mixture completely ex ti acted by 
repeatedly shakmg with ether. The ethereal 
solution is mixed with light petroleum and 
the filtrate allowed to evapoiate spontaneously. 
Crystals of cevadine separate from the syiup, 
and are recrystalhsed from their solution m 
alcohol. The lemaining syrup contams veratri- 
dine (amorphous veratnne) and sabadillme 
(Wright and Luff, Chem. Soc. Trans. 1878, 33, 
338). 

‘ Commercial veratnne ’ is a macroscopically 
amorphous mixture of cevadme and veratridmc 
{q.v), possibly with small quantities of other 
alkaloids It was deleted from the B P. 1914, 
but IS retained in the U S P. It is used exter- 
nally, chiefly agamst lice. Sabadilla seeds 
contam about 0 7 j) c. of total alkaloids, of 
which about one-seventh can be crystallised 
(cevadine) 

Properties Rhombic prisms, containmg 
2C2H6OH when crystallised from alcohol. The 
alcohol IS lost at 130'^- 140°, and the alkaloid 
then melts at 205° with decomposition Nearly 
msolublc m water, soluble in alcohol or ether 
Optically inactive (Preund and Schwarz, Ber 
1899, 32, 800) 

The aunchloridc, m p 182° (deoomp ), and 
the mercunchloride, m p 172° (decomp ), aie 
charactenstic crystalline compounds (Ahrens, 
Ber. 1890, 23, 2700) In carbon disulphide 
solution additive compounds with chloral and 
bromal are formed (Frankforter and Krit- 
schevsky, J Amer Chem Soc. 1915, 37, 2667) 

Cevadine is intensely poisonous ; minute 
quantities cause violent sneezing. 

Reactions . — When warmed with concentrated 
hydrochloric acid cevadme produces a fine 
purplish-red colour, which is a somewhat delicate 
test for the alkaloid Concentrated sulphuric 
acid produces a carmine-red colouration, or, if 
the alkaloid is previously mixed with a little 
sugar, a blue colour. 

Cevadine is a monacidic tertiary base. It 
contams no methoxyl groups and no ; NMe 
group ; one HO * group is present. 

When anhydrous cevadme is distilled )8-pico« 
hne IS obtained with tiglio acid. 

When heated with alcoholic potash, cevadine 
undergoes hydrolysis furnishing 

Cevine Ca^H^O^N 

and angehc and tighc acids CgH^O* (Wright and 


Luff, Chem. Soc. Trans. 1878, 33, 338 ; 1871 
36, 406 ; Bosetti, Arch. Pharm. 1883, [iii.l 2] 
81 ; Ahrens, Ber. 1890, 23, 2700 ,* Freund an 
collaborators, ibvd. 1899, 32, 801 ; 1904, 3' 
1964). Cevine crystalhses with froi 

dilute alcohol, m.p. 195°-200° (anhydrous), an 

f ields derivatives both with metals and acidi 
t is less toxic than cevadme (Freund, l.c.). 

Accordmg to Hess and Mohr (Ber. 1911 
62 B, 1984) cevme is identical with sahadinim 
which Merck (Arch Pharm. 1891, 229, 16^ 
isolated from the mixed alkaloids of sabadill 
seeds. 

Veratridine {amorphous veratrine) CjTHggOij] 
IS found m sabadilla seeds, and is isolated froi 
the amorphous alkaloids precipitated in th 
earlier stages of the preparation of cevadin 
{see above) by treatmg them with ether, whe 
they separate into insoluble matter (sabadillinc 
and soluble matter (veratndme). The latter 1 
purified by conversion into the sparingly solubl 
nitrate Veratndme is sternutatory, yellowish 
white, amorphous, soluble m 33 parts of watei 
and melts at 180° On hydrolysis by alkahs 1 
yields vcrinc CgsH^gOj^N, which closely resemble 
ccvme {see above) and veratric acid (3 : < 
dimethoxybenzoic acid) 

Sabadilline {cevadilhne) C34H5a08N is 1 
second amorphous alkaloid occurring m sabadill; 
seeds. It yields amorphous salts (W and Lie.) 

Sabadine CggHgjOaN, crystals, m p. 238° 
240°, also occurs m sabadilla seeds ; the salt 
are ciystalline (Merck, Arch. Pharm. 1891, 229 
164) 

Sabadillme and sabadme resemble cevadim 
m action, but are less toxic 

Cevadme and veratridmo, the two prmcipa 
alkaloids m ‘ commercial veratnne,’ cannot b< 
separated by crystalhsation of the former fron 
alcohol, or extraction of the latter by water 
but they may bo estimated by hydrolysing witl 
alcoholic sodium hydroxide, acidifying, anc 
estimating the volatile tiglic acid (from th( 
cevadme), and the non- volatile veratric acic 
(fiom the veratndme) , the latter acid 11 
extracted by ether (Wright and Luff, I c.). 

Alkaloids of White Hellebore Rhizome. 
Protoveratrine CgaHgiOuN is the chaiacter 
istically toxic alkaloid of white hellebore ‘ roots. 
It crystallises m thm four-sided tablets fion 
alcohol, m p 245°-250°, 239°-241° (Bredomann) 
and dissolves m sulphuric acid with a greer 
colouration, which gradually passes into deej 
blue It is readily decomposed by acids yielding 
t5o butyric acid as one product. 

Protoveratnne is accompamed m white 
hellebore rhizomes by 

Jermne C26H37O3N, prismatic crystals, m.p 
238°-242° ; toxic. 

Pseudojermne C29H43O7N, six-sided tablets, 
m.p. 300°-307° ; not poisonous. 

Rvhijervine C2gH4802N, long prisms, m.p. 
240°-246°, 234° (Bredemann) ; not poisonous. 

Protoveratndine C24H46O8N, four-sided plates 
m p. 266° , not poisonous. 

The chief papers relatmg to protoveratrine 
and its congeners are Wnght and Luff (Chem. 
Soc. Trans. 1879, 36, 406), Salzbetger (Inaug. 
Diss. Erlangen, 1890 ; Arch. Pharm. 1890, 228, 
462, the most important paper on the siAject), 
Pehkschen* (Inaug. Diss. I)orpat, 1800 ; J. 
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Phann. China. 1890, [v.] 22, 265), and Brede- i 
mann (Apoth. Zeit. 1906, 21, 41, 53). 

Alkaloids of Green Hellebore Bhxzome, j 

The chief alkaloids occurring in this drug | 
( VefeaXrum virvde, U S.P ) have heen described ; 
already, viz. cevadine {see under Alkaloids of i 
sabadula seeds) , jervine, and pseudojcrvine (see | 
under Alkaloids of white hellebore rhizome). 1 
Veratridine (^ee under Alkaloids of sabadilla I 
seeds) occurs only in traces in green hellebore. 
Bobbins isolated from green hellebore rhizomes 
(Pharm. J. 1877-1878, [m.] 8, 316) a crystallme 
alkaloid which he called veratridine, and which, 
like protoveratnne of white hellebore, gives a 
green colouration with sulphuric acid The 
amo^hous alkaloid veratralbme was also 
obtained by Wright and Lulf from this source 
(Chem. Soo. Trans. 1879, 35. 421). 

CEYLON MOSS v. Alg^ 

CHAGRAL GUM v. Gums. 

CHAILLETIA TOXICARIA (Don ) A plant 
found in Upper Guinea, Sierra Leone, and 
Senegambia, the seeds of which contain a 
poisonous resin used for kilUng rats and other 
animals (Power and Tutin, J Amer Chem. Soc. 
1906, 28, 1170). 

CHALGANTHITE. Native copper sulphate, 
CuS 04 , 7 H 20 , found as a bnght-blue efflorescence, 
or rarely as distinct crystals, in many copper 
mines, being especially abundant in some of the 
Chilean mmes. In solution it is always present 
in the waters issuing from copper-mmes ; these 
are allowed to flow over scrap iron, the copper 
being precipitated as cement-copper. About 100 
tons or copper have been so saved annually from 
the waters of the Rio Tinto mine in Spain, and 
considerable amounts were formerly obtained 
from the mine waters in Co. Wicklow. 

L. J. S. 

CHALCEDONY. A native form of silica 
occurring in remform, botryoidal, or stalactitic 
masses linmg and filling cavities in rocks. It 
18 usually greyish or creamy-yellow in colour, 
and has a characteristic waxy lustre with a 
cortam degree of translucency. It possesses a 
minutely fibrous structure, the fibres being 
arranged perpendicularly to the concentric 
bandmg of the material. The optical character 
and orientation of the fibres is variable ; and 
based on these differences French authors have 
distinguished several forms of silica under 
special names (quartzine, lutecite, lussatite, 
cnalcedomte, and pseudochalcedomte). The 
physical characters of the mineral approach 
those of quartz, but with slightly lower values , 
sp.gr. 2 *57-2 *64; hardness 6J-7 ; 1*6325, 

1*5435. Analyses show, in addition to silica, 
the presence of variable amounts of impurities 
(iron oxides, alumina, &c.), and on the average 
about 1 p.c. of water. The water is probably 
present as adsorbed water held between the 
fibres ; and its presence supports the idea that 
the mmeral was deposited m a colloidal form 
as hydrated silica, and that it afterwards 
p^sed into minutely crystalhno quartz * 
Depending on the nature of the impurities 
present (and partly also on the state of aggrega- 
tion of the material) the mineral may he of 
varieus colours, and on these differences are based 
several trivial varieties which are used as semi- 
precious stones. Carnelian owes its red colour 


to ferric oxide, and sard its brown colour to 
hydrated feme oxide ; sard passes over into 
camelian when igmted. The apple-green colour 
of ehryso'prase is due to nickel silicate and the 
dark -green of plasma to an iron silicate. Helio- 
trope shows blood-red spots on a dark-green 
ground. Smoke-grey flint passes imperceptibly 
into more typical chalcedony In agate 
differently coloured layers are banded together 
in the same stone The uses of chalcedony are 
the same as those of agate (q.v ) On the 
artificial colounng of chalcedony, v. Agate. 

L. J. S. 

CHALCOCITE v Copper-glance 

CHALCOPYRITE i;. Copper -PYRITES. 

CHALCOTRICHITE. Native cuprous oxide 
(v. Cuprite). 

CHALK. A white or greyish, loosely co- 
herent kind of limestone rock, comjposed almost 
entirely of the calcareous remains of minute 
maiine organisms (foramimfera, coccoliths, &c ) 
and fragments of shells. The purest kinds con- 
tain up to 99 p c of calcium carbonate in the 
form of the mineral calcite Silica is always 
present in small amounts as the mineral opal, 
repiesonting the remains of other minute marine 
organisms (radiolaria, &c ) and sponge spicules , 
and it IS often segregated as the nodular masses 
of flint so commonly found embedded in chalk 
rock Minute grams of quartz, felspar, zircon, 
rutile, and other minerals are also often present 
With the admixture of clayey material there 
may be an insensible gradation from pure chalk 
to chalk-marl (v Marl), In phospliatic chalky 
there is much calcium phosphate (up to 45 p c ) ; 
in green glauconitic cluilk there is an admixture 
of grams of glauconite (a hydrated iron potassium 
silicate) ; and m red chalk there is some iron 
hydroxide Not only may there be con- 
siderable variations m the composition of chalk, 
but there may also be wide variations in the 
colour (snow-white, grey, &c ), and texture of the 
material. It may be soft, incoherent, and 
porous, or quite hard and crystalline (as the 
chalk of the Yorkshire coast) 

The following analyses of chalk are selected 
from those quoted by A J Jukes-Browne, The 
Cretaceous Rocks of Britain, Mem Geol Survey, 
1903 (which see for details respecting the 
English chalk) ; I, Middle Chalk from Wye, 
Kent ; II, Chalk Rock from Boxmoor, Hertford- 
shire ; III, soft white Upper Chalk from 
Farnham, Surrey — 


SOs 
Cl . 

SiOg (soluble) 
H^O 

Organic matter 
Insoluble 


I. 

II 

HI. 

. 52 750 

54 900 

55 18 

. 0*211 

0 374 

0 30 

, 0 067\ 

. 0113/ 

0 347 

0 40 

. 0 149 

— 

— 

. 0*098 

— 

0 22 

. 0 013 

— 

0 21 

. 37*670 

42 101 

42*57 

0 106 

0 713 

0 08 

. 0 082 

0 465 

0 09 

. 0 006 

— 

— 

. 0 035 

0 128 

— 

. 5 400 


— 

. 2*480 

1*003 

0*87 

99*180 

100-031 

09-02 

. 86-61 

97-001 

96-76 
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The uses of chalk are numerous. For 
example, as a writing material in form of white 
and coloured crayons ; for the manufacture of 
quicklime, mortar, Portland cement, plaster, &c., 
and as a fertiliser. Whiting is prepared by 
grinding chalk and collecting the finer sediments 
from water ; this is used for polishing, making 
putty, and many other purposes Under the 
name of ‘Pans white,’ chalk is used in the 
manufacture of india-rubber goods, oilcloth, 
wall-paper, &c. The harder kinds are exten- 
sively used as a building stone 

Large quantities of chalk are quarned in the 
counties of Kent, Surrey, Sussex, Cambridge, 
Lincoln, and Hampshire ; Kent being by far the 
most important The production of English 
chalk IS not far short of five million tons per 
annum. A certain amount of this is exported 
to the United States, though there are extensive 
beds of chalk in Kansas, Arkansas, and Texas 

L J S 

CHALK, FRENCH. Steatite or soapstone 
CHALKONES (xaAx<^y, an ore, particulaily 
copper), the name proposed by v. Kostanecki 
and Tambor (Ber 1899, 32, 1923) for benzal- 
acetophenone and its derivatives, on account 
of the fact that by suitable transformations 
they can bo made to furnish reddish-yellow 
dyestuffs 

In order to show the relationships of the 
vaiious chalkones with one another, the 
following scheme of notation is adopted — 

3' 2' 2__3 

i'<(^ ^r-CO-OH=CH-l<^ ^4 
5' 0' 6“ 5 

Brnzalnrtlophenone is obtained by the action 
of sodium hydroxide on an alcoholic solution of 
benzaldehyclo and acetophenone at ordinary 
temperature For this purpose 21 grams 
benzaldehyde and 24 grams acetophenone are 
dissolved in 200 grams alcohol and 20 grams of a 
10 pc solution of sodium hydroxide added 
The mixture is then allowed to stand for 24 
hours, and the precipitate collected and re- 
crystalliscd from alcohol. Benzalacetophenono 
18 a yellow crystalline solid which dissolves in 
concentrated sulphuric acid with an intense 
yellow colour By heatmg 10 grams benzalde- 
hyde with 30 grams acetophenone (dissolved in 
100 grams alcohol) for a quarter of an hour at 
water bath temperature with 25 grams of a 
40 p c solution of sodium hydroxide, henzaldi- 
aceto'phcjwne CaH5'CH(CH2 CO C6H5)2 is ob- 
tained This melts at 85° and crystallises in 
colourless prisms Its solution m concentrated 
sulphuric acid is colourless, but gradually shows 
a blue fluorescence, and on standing for one or 
two days becomes faint yellow m colour, 
showing a strong green fluorescence. Similarly 
by using a mixture of 21 giams benzaldehyde 
with 36 grams acetophenone in 200 grams 
alcohol and warming with 50 grams of a 40 
p c solution of sodium hydroxide for 12-24 
hours at 40°-50°, dibenzaltrmcetophenom is 
formed It is a white crystallme solid, which 
melts at 198°. It dissolves slowly in con- 
centrated sulphuric acid, the solution after some 
time developing a red colour and a cinnabar-red 
fluorescence, which slowly disappears By 
carrying out the preparation at boiling water- 


bath temperature, an isomerido melting at 
256° 18 obtained (v. Kostanecki and Rossbach, 
Ber. 1896, 29, 1488). 

Of the various denvatives, the 2'-hydroxy- 
chalkones possess the greatest importance, on 
account of their relationship to the naturally 
occurring dyestuffs of the flavone and flavanol 
groups , e g. chrysme, luteolme, apigenino 
fisc tin, &c {qv) 

The 2 '-hydroxy chalkones are obtained by 
the condensation of o-hydroxyacetophenones 
with aromatic aldehydes in the presence of 
sodium hydi oxide 

2 '-// ydroxychalkone 

HO CJi, CO CH : CH OeHg 

crystallises in yellow needles, melts at 88°-89° , 
dissolves m alkah hydroxides with an orange 
colour, and in concentrated sulphuric acid with 
a yellow colour (v. Kostanecki and Tambor, 
Her. 1898, 31, 715). It is converted into flavone 
by the action of alkali hydroxides on the di- 
bromo-addition product of its acetyl derivative 
(v. Kostanecki and Feuerstem, ibid 1758) 

Aoh 


CH : CH CeH, 



Numerous hydroxychalkones arc described 
in the papers of v Kostanecki and his pupils, 
for which consult Ber. 1898, et seq 

CHALMERSITE. A sulphide of copper and 
iron, CuFcaS^, first found as small orthorhombic 
crystals with pyrrhotite in the Morro Velho 
gold mine, Minas Geraes, Brazil Later it was 
found in consideiable quantity m the Ellamar 
district and on Knight Island in Prince of Wales 
Bound, Alaska, where it has been mined as an 
ore of copper Here the material is massive and 
intimately mtergrown with copper-pyrites It 
18 pale yellow in colour with metallic lustre, 
and 18 strongly magnetic , sp gr. 4 68 ; hardness 
3i L. J S 

CHALYBITE. Native iron carbonate, 
FeCOs, forming rliombohedral crystals iso- 
morphous with calcite (CaCOg), and of im- 
portance as an ore of iron. It is often known as 
siderite, but this name had earlier been applied 
to two other mineral species, and it is also used 
as a group name for meteoric irons. Sp gr. 3 '9 ; 
hardness, 3J Small, bnlhant crystals of varying 
habit are common in many mineral veins, for 
example, those of Cornwall. Veins of massive 
sparry material showing cleavage surfaces 
{Spathic iron-ore) are mined in the Brendon 
Hills in Somersetshire, in Weardale, Co. Dur- 
ham, the Siegen district in Westphalia, dep. 
Is^re in France, &c. The fresh, unaltered 
material is creamy white in colour (‘ white ore ’), 
but when slightly weathered it is brown (‘ blown 
ore ’). The* Cleveland ore is a pisohtic form of 
chalybite occurring as beds in the Lias strata ; 
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and the important day-iron-stone and hlack- 
hand iron-stone of the Coal-measures consist of 
compact chalybite, intermixed with clay and 
carbonaceous matter. A nodular form with an 
internal radiated structure is known as sphcerosi- 
derite. 

Analysis I is of pure sc lected crystals from 
near Camborne, Cornwall (A. Hutchinson, Mm 
Mag 1903, xm, 209) ; II-IV of ores, by A. 
Dick, m Iron Ores of Great Britain, Mem. 
Geol. Survey, 1856-1862 , II yellowish-grey 
spathoso ore from Weardale ; III greenish- 
giey earthy oolitic ore from Cleveland (also 
0 27 m the portion soluble m HCl) ; IV 
clay-iron-stone from Shelton colliery, Hanley, 
Staffordshire. 


FeO 

I 

61 08 

IT 

49 47 

III 

39 92 

IV 

46 35 

FeaOg 

— 

— 

3 60 

300 

AlgOg 

— 

trace 

7-86 

0 30 

MnO 

1 12 

2 42 

0-95 
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CaO 

0 10 

3 47 

7 44 

1 93 

MgO 

0 13 

3 15 

3 82 

2 24 

CO 2 

38 19 

37 71 

22 85 

32 46 

1*2^6 

— 

trace 

1 86 

0 67 

SlOo 

— 

1 20 

7 12 

— 

so; 

— 

trace 

trace 

trace 

FeSa 

— 

0 08 

0 11 

015 

H 2 O 

— 

— 

2 97 

L43 

Organic matter 

— 

trace 

trace 

2 95 

Insoluble 

— 

3 77 

1 64 

7 29 

Total Fe 

100 62 

101 27 
38 56 

100 41 
33 62 

100 38 
38 29 


L J. S 

CHAMOMILE FLOWERS. AntJu ^mis no- 
hihs An examination of the flowers of Anthemis 
nohilis (Linn ) by l^ower and Browning (Chem 
Soc Trans 1914, 105, 1833) has shown that 
these contain in addition to numerous other 
substances nnapujenin glucoside Cg ,H 2 oGi„' 2 H 20 , 
faintly yellow microscopic crystals melting at 
1 78®- 180°. It dissolves m alkalis with a yellow 
colour and gives with aqueous ferric chloride a 
purplish-brown colouration Dried at 125°- 130° 


it loses one molecule of water of crystallisation, 
but the second molecule cannot be eliminated 
without decomposing the substance. This is 
evident from the composition of the hexa- 
acetyl derivative 02 iHi 40 io(COCH 3 )g, colourless 
microscopic crystals, m p 144°- 146°, the mole- 
cule of water in question being eliminated in the 
process of acetylation 

By digestion with 5 p c aqueous sulphuric 
acid for three hours, this glucoside yields 
apigenin and dextrose according to the equation : 

L2iH2oOjo,H20 — O 5 HJ 2 O 3 

A G. r 

CHAMOMILE OIL v. Oils, Essential 
CHAMOSITE, CHAMOISITE, v. Thuringite. 

CHAMOTTE. A mixture of fire clay and 
burnt pottery used for making fire bricks, 
crucibles, pipes, &c 

CHARCOAL (J ARE ON and Fuel 

CHARICIC ACID CHAVICIN i; Peppei renn, 

art Resins 

CHARTREUSE. A famous liqueur formerly 
prepared at the head- quarters of the Carthusian 
monks neai (^rcnoble, but now, since the retreat 
of the monks from Fiance in 1906, made at 
Tarragona in Spam 

The iccipe foi the original liqueur or ‘ elixir 
vit» ’ as it Wtis called, was given by the Marquess 
d’Estrees to the Caithusian monks of Pans in 
1602, but, owing to the difficulty of procuring 
the necessary alpine plants, they pre^sented it to 
their brethren of the Grande Chartreuse in 1735 

The dixu vitce was valued as a stimulant for 
the less lobust members of the fraternity, 
weakened by age 01 by the piivations and hard- 
ships entailed by the seventy of their religious 
exercises, and was also dispensed to the feeble 
poor of the district 

After numerous disasters by fire, pillage, and 
conhscation of then property through leligious 
and political persecutions, culminating in the 
loss of everything during the Fiench Revolu- 
tion, the monastery of La Grande Chartreuse 
was restored m 1816, although in a vciy im- 
poverished condition 


Ingredients 

Oreen 

I 

Yellow 

White 

China cinnamon 

15 grams 

15 grams 

125 grams 

Mace 

15 „ 

15 „ 

30 „ 

Lemon balm, dried 

500 „ 

250 „ 

250 „ 

Hyssop (flower tops) 

250 „ 

125 „ 

135 „ 

Peppermint (dried) 

250 

— 

— 

Thyme 

30 „ 

— 

— 

Baisi mo (PaZ wry or) . 

125 „ 

— 

— 

Genepi 

250 „ 

125 „ 

125 „ 

Arnica (flowers) . 

10 „ 

16 „ 

— 

Balsam poplar (buds) 

16 „ 

— 

— 

Angelica (seeds) . 

125 

• 126 „ 

125 „ 

Angelica (roots) 

62-5 „ 

30 „ 

30 „ 

Coriander 

— i 

1500 „ 

— 

Cloves 

— 1 

1 16 „ 

30 „ 

Aloes (Socotrine) 

— 

I ^0 „ 

— 

Cardamom (small) 

— 

1 60 „ 

30 „ 

Nutmegs .... 

— 

1 — 

15 „ 

Calamus .... 

— 

— 

300 „ 

Tonka beans 

— 

— 

16 „ 

AJcohol at 85° . 

62 5 litres ' 

42 5 litres 

52 5 litres 

White sugar 

* 25 ’0 kilos j 

25 0 kilos. 

37 5 kilos. 
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The secret of the manufacture of the ‘ elixir * 
had, however, been carefully preserved, and this 
was made the basis of other varieties of liqueur, 
by the sale of which the monks hoped to im- 
prove their finances. The result was the 
production of green, yellow, and white ‘ char- 
treuse,’ the virtues? of which were advertised far 
and wide by the military officers who had been 
quartered in the monastery about the middle of 
last century Extensive and modern plant was- 
installed at Eourvoisie in 1863, and, in course 
of time, the sale of chartreuse increased the 
revenue of the monastery to a point it had never 
reached before. 

After the passing of the French Religious 
Associations Act, m 1906, the monks of the 
Grande Cliartreuse migrated across the border 
to Tarragona m Spam, carrying their secret 
formulae with them 

More than 200 ingredients are said to be used 
in the manufacture of genuine chartreuse, and 
its spirit basis is rectified grape spirit distilled 
fronv sound wine The usual alcoholic strength 
of the three varieties of chartreuse is • green, 
55° of alcohol, or 96 p c of proof spmt ; yeUmv, 
42 5° alcohol, or 74 5 pc proof spirit ; and 
white, 30° alcohol, or 52 5 p e of proof spirit 

There are innumerable imitations of char- 
treuse, mostly prepared from plain spirit 
flavoured with essential oils and coloured by 
moans of the vanous ingredients desenbed under 
Cordials and LrQiTEURS The formulae given 
in the table on p 151 arc amongst the best of 
those suggested for the preparation of imitation 
chartreuse 

Digest in the alcohol for 24 hours, distil until 
nearly all the spint ls over, and dilute to 100 
litres Colour green or yellow as described under 
Cordials and Iuqueitrs, add the sugar, allow to 
rest till clear, and filter (9ee Cordials and 
Liqueurs) J C 

CHAULMOOGRA OIL GROUP. This group 
is remarkable on account of the considerable 
optical activity which these oils exhibit, owing to 
the presence of the strongly active chaulmoo- 
gric and hydnocarpic acids (discovered by 
Power and his collaborators, Chem Soc Trans. 
1910, 97, 1285) Hitherto, three oils belonging 
to this class have been described, viz. Chaul- 
moogra oil, obtained from the seeds of Tara- 
ktogenos Kurzii (King) ; Hydnocarpus oil, 
obtained from the seeds of Hydnocarpus Wtghlu 
ana (Blume) ; and Lukraho oil, the fat obtained 
from Hydnocarpus anihelminlicus (Pierre). The 
saponification values of these oils he between 
204 and 213, and their iodine values between 90 
and 86 4 The seeds of Taraktogenos contain a 
cyanogenetic glucoside Chaulmoogra is chiefly 
used m the treatment of leprosy and various skin 
diseases in Indo-Chma, Siam, and to some 
extent also m Europe A few ytftirs ago 
chaulmoogra oil was imported to the Continent 
as ‘ Cardamom oil ’ and used in margarine with 
disastrous "results. Hydnocarpus oil, also known 
as kavatel oil, is occasionally sold as genuine 
chaulmoogra oil, but is infenor in its medicmal 
properties and contains a larger proportion of 
free fatty acids. The genuine oil from T. 
Kurzii 18 now official in the British Pharma- 
copeia, which describes it as a brownish -yellow 
soft fat, with a distinctive odour and acrid taste ; 
sp gr. 0 940 at 45° ; m.p 22°-30° ; iodine value, 


96-104 ; acid value, 21-27 ; and saponification 
value, 198-213. It is partially soluble in cold 
and almost completely soluble in hot 90 p c. 
alcohol. It 18 largely composed of the glycerides 
of acids of the chaulmoognc senes, having the 
general formula CnHg—wiOa, and contains 
palmitin (Power, Amer. J. Pharm 1915, 87, 
493) Gynocardia oil, sometimes confused with 
chaulmoogra oil, is optically inactive. For 
an account of the origin of the confusion in the 
nomenclature of the acids denved from chaul- 
moogra oil and the oils which have been con- 
sidered as identical with it, see Pyman, Reports 
of Progress of Applied Chemistry, 1916, 1, 292. 

CHAULMOOGRIC ACID CisHgaGg. An un- 
saturated acid found by Power and Gomall 
among the fatty acids contained in chaulmoogra 
oil from Taraktogeyws Kurzii (King) Optically 
active [a]p+56° ; m p. 68° ; b p. 247°-248° 
(corr )/20 mm Easily soluble in chloroform 
and ether Forms readily crystallisable salts 
with metallic bases, and esters with diphatic 
radicals (Chem Soc. Trans 1904, 838 and 851). 

CHAY ROOT. Chay root or Chay-aver (from 
c/ia?/a= which fixes colours, and i^er — root) ; also 
called Indian madder, is the root of Oldenlandia 
urnbellata (Linn ), Riibiacea' It bears the 
following Indian vernacular names : turbuli 
{Bengali) ; chen-vello [Tclugu) ; che or chay, 
sayawer, imburel ( Tamil) The plant is a small 
bush or herb found on sandy soils, chiefly near 
the sea-coast It occurs m North Burma and 
Ceylon, but is most abundant m certain tracts 
of the Madras Presidency, from Oiissa south- 
ward It does not appear to be used m Bengal, 
but on the Malabar and Coromandel coasts, 
especially the latter, it is or was extensively 
cultivated, and employed in dyeing a colour 
analogous to Turkey-red The chief market is 
Madras, where it was sold in small bundles at 
about 4d a lb The roots are usually about 
10-12 ms long and J in thick, somewhat 
straight and stiff, tough and wiry, and with 
few or no lateral fibres When freshly gathered, 
they have an orange colour ; but when dned and 
kept, they assume a yellowish-grey hue Boiling 
water gives merely a pale-yellow extract, but if 
alkali is added, a blood-red decoction is soon 
obtained The colounn^ principles seem to reside 
I chiefly, if not entirely, in the bark of the root 

The older literature connected with chay 
root 18 extremely meagre, and is for the most 
part contained in the following publications : 
Philosoiphy of Permanent Colours, 2282, 1813, 
Bancroft ; Bulletin de la Societc mdustrielle 
de Mulhouse, 5302, 1832, E Schwartz and D. 
Koechlin ; L’Art de la Teinture des Lames, 
475, 1849, Gonfreville. Quantities of the root 
wore imported into Europe m 1774 and at later 
periods, and its dyeing properties were examined 
by the above-mentioned experts. It met with 
little practical application, however, as it was 
not found to possess any advantage over 
madder ; indeed, it was considered to have but 
one-half or oven a fourth of the colouring power 
of madder ; further, it was found to contain 
certain undefined yellow substances of an acid 
character, which mterfered somewhat with its 
dyeing power. Still, it was recoffnised as a good 
dyestuff, giving the usual madaer colours, and 
equally fast to soap It is evident that the 
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yellow substances referred to are not the same 
as those described m this article, as Schwartz 
states that they were present in larger quantity 
in ‘ nona ’ [Morinda citrifolia) than in chav root, 
whereas the yellow substances descnbea later 
exist in much larger quantity m chay root than 
in morinda root Very probably they refer to 
Rochleder’s ‘ rubichloric acid,’ as this is con- 
tained in morinda root in larger amount than 
m chay root Schutzenberger, m his Traite des 
Mati^res colorantes, 2, 291, 1867, states that he 
found chay root to contain alizarin and chloro- 
genin (rubichloric acid) and that it was easy to 
exhaust the root by extraction with alcohol. 

In many respects chay root resembles 
madder, as both contain ruberythne acid, 
alizarin, rubicliloric acid, and cane sugar, but 
there are very marked dillerences in the nature 
of the other constituents of the two roots. 
Madder, as is well known, contains purpunn, 
purpunn- and purpuroxanthm- carboxylic acids, 
&c., and but traces of yellow crystalline sub- 
stances, forming barium compounds soluble in 
water, which have not been lully investigated 
In chay root the former substances are entirely 
absent, but, on the other hand, although the 
root contains considerable quantities of yellow | 
crystalhne substances, they are quite distinct 
from those contained in madder 

The phenolic constituents of this root have 
boon studied by means of the sulphurous acid ex- 
traction method described m detail in connection 
with Madder, and also by a subsequent exhaus- 
tion of the residual -root with boiling lime-water 
In this manner, chloiorubine, alizann, and a 
mixture of non-tmctorial yellow substances were 
isolated These latter are present m chay root 
(probably as glucoside) m comparatively large 
amount (1 pc), and have been shown to consist 
principally, if not entirely, of the following 
substances 

Alizarin a-m'thyleilier crystallises from dilute 
methyl alcohol in long orange-yellow needles, 
melting at 178°-179'’. It has the constitution — 


OCTI, 


alizarm is only converted with considerable 
difficulty into alizarm dimethylether, by the 
action of methyl sulphate, alizarin a-methylether 
readily yields this substance when treated with 
this reagent m the usual manner. 

Acetylalizarin a-methylether crystalhses m 
yellow needles, melting at 212° 

Anthragallol dimethylether (A) forms yellow 
needles, and dissolves in alkaline solutions with 
a red colouration It is distingmshed from the 
isomeric compound described below, m that it 
yields an ammonium salt, crystallising m scarlet 

S risms, which is sparingly soluble in cold alcohol 
[eated with sulphuric acid to 180°, or with hydro- 
chloric acid, it 18 converted into anthragallol, and 
when methylated by means of methyl sulphate, 
IS readily converted into anthragallol trimethyl- 
ether By the action of 10 pc potassium hy- 
droxide m a sealed tube at 180° for 5 hours, 
it is partially converted into methoxyalizann : 



and a similar leaftion occurs when sulphuric 
acid at 100° ls employed The constitution 
assigned to this anthragallol dimethylether (A), 
IS theiefore as follows — 



Anthragallol dimethylether (B) crystallises in 
yellow leaflets, melting at 230°-232°, and gives 
a red ammonium salt which is soluble m cold 
alcohol Heated with 10 pc potassium hy- 
droxide solution to 1 80° for 5 hours, it is partially 
converted into a compound having the reactions 
of rncthoxypurpuroxanthin 



OH 

!()h 


3 


\(;o/ 


This compound may be synthesised by the 
action of an ethereal solution of diazomeihanc 
on a nitrobenzene solution of monoacotylalizann 
(Oosch and Perkin, Chem Soc. Proc 1914, 30), 
subsequently removing the acetyl group Owing 1 
to the fact that the so-called monoacetylalizarin 
18 a mixture of the two monoacetylalizarins, both 
a- and j8-alizarm methylethers are thus simul- 
taneously produced. Addition of alcoholic potash 
to a solution of the product in alcohol causes the 
precipitation of the ^-methylether as potassium 
salt, the a-methylethcr thus remaining in solution 
The methoxyl group present m this substance 
is much more readily hydrolysed than is usually 
the case, for prolonged digestion with boiling 
baryta water is sufficient for this purpose, a 
precipitate consisting of barium alizarate thus 
separatmg. This property, therefore, accounts 
for the difficulty in obtaining either this com- 
pound or alizarin dimethylether by means of 
nijethyl iodide, for m this process of methylation 
a prolonged digestion in the jjresence of free 
alkali is necessary. On the other hand, whereas 


and most probably possesses the following 
constitution . — 



By methylation with methyl sulphate in the 
usual manner, this compound is readdy con- 
verted into anthragallol tnmothylether 

AceJylanthragaUol dimethylether (B) consists oi 
long yellow needles, melting at 176°-178° 

Hy^tazarine monomethyldher obtained as 
long 4 ) range -yellow needles, melting at 232°, 
when heated with hydrochloiic acid at 180°, is 
converted into hystazarine Alkaline solutions 
dissolve it with a crimson colouration, and its 
ammonium and potassium salts, which crystallise 
in garnet-red needles, are insoluble in sold wo- 
butylic alcohol The constitution of hystaza- 
rme monomethylethcr is as follows : — 

3 
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CHAY ROOT. 


By means of methyl sulphate, it yields 
hystazarine dimethylether, which consists of 
yellow glistemng needles, melting at 235°-236°. 

Metahydroxyanthraquinone, pale - yellow 
needles, melting at 302°, is identical with the 
well-known artificial compound prepared from 
anthraquinone-)9-mono8ulphomc acid by diges- 
tion with alkali. 

Dyeing Pioperties — Although chay root 
contains acid piinciples which tend to dissolve 
the mordants, its employment a,s a dyestuff 
presents no difficulty The only precautions 
necessary to be observed are to add 2 pc. of 
chalk to the dye- bath, and to raise the tempera- 
ture gradually to the boiling-point 

Dyeing experiments on ordinary stripe- 
pnnted calico, containing aliiminia and iron 
mordants, have shown that the dyeing power of 
chay root is equivalent to the presence of a 
percentage of 0 33-0 35 alizarin Compared 
with ground madder root of good quality, it 
seems to have about half its dyeing power when 
the comparison is made before soaping, but after 
soaping it appears to be quite equal to madder 
The rods, pinks, and chocolates have a distinctly 
bluer shade than those given by madder, and 
the lilacs are much fullei and biightor and very 
similar to those obtained from alizarin This 
last feature alone ought to have secured a ready 
market for chay root among the Euiopean 
dyers, previous to the introduction of artificial 
alizarin, and it is somewhat strange that its 
marked suitability foi lilacs should have escaped 
the observation of those who formerly made 
dyeing experiments with this root 

On oil - prepared calico, mordanted with 
alumina, chay root gives an excellent blue shade 
of Turkey-red, withstanding the operation of 
clearing with soap and stannous chloride better 
even than a raaddcr-dyed red, and quite equal to 
one obtained by means of artificial alizarin 
Good brown, red, orange, and purple colours 
are readily obtained on wool, and also on 
silk, suitably mordanted with chromium, 
aluminium, tin, and iron, according to the 
ordinary method usual with dyers. On wool, 
the colours not being submitted to any soaping 
operation, chay root appears to possess about 
half the dyeing power of madder 

Boiled with dilute sulphuric acid, chay root 
yields a ‘ garancme ’ of a very dark-green colour 
and possessing about three times the dyeing 
power of the ongmal root 

Literature. — A. G Perkin and J. J Hummel, 
Chem Soc. Trans 1893, 63, 1160, ihid 1895, 
817; A G. Perkin, ihid 1907, 91, 2006, J J 
Hummel and A G. Perkin, J Soc Chem Ind. 
1894, 13, 346 A. G. P 

CHEDDITE. An explosive consisting of a 
mixture of ammonium perchlorate, dinitroto- 
luene and castor oil (?> Explosives) 

CHEESE. A solid preparation of the chief 
constituents of milk, which, by the action of 
certain enzymes, are made digestible and 
palatable. 

The action of enzymes is to a large extent 
influenced by the reaction or hydrogen ion 
concentration of the curd, which in turn is 
■ brought about by the extent to which the lactic 
organisms are controlled or encouraged in the 
process of manufacture 

Cheeses may be made from the milk of 


various animals, but they are usually prepared 
from cows’ milk, which is either used m its 
natural condition, or mav be first divided into 
cream and separated milk, from both of which 
products cheeses are also made 

In the case of cream and cottage cheeses, 
the lactic acid produced by the lactic ferments 
may bo used for coagulating purposes ; but in 
the majority of cheeses, rennet is used to pre- 
cipitate the casein The casemogen of the milk 
18 converted into casein by the rennet ferment^ 
and this, in the presence of the lime salts of the 
milk, is followed by the separation of insoluble 
calcium caseinate or curd, which carries with it 
nearly all the fat, some of the other constituents 
of the milk, and the enzymes of the rennet and 
milk. This curd differs from that produced by 
acids, which throw out casemogen from the com- 
binations with lime in which it occurs in milk 

The condition of the rennet curd, used for 
making different cheeses, is controlled by the 
acidity of the milk and by the temperature of 
renneting If milk is curdled with rennet 
without the previous development of acidity, 
a soft curd results , this curd will not shrink so 
much as a curd produced from an acid milk. 
Too much acidity, on the other hand, results in 
a hard curd, which will shiink to a much greater 
extent, giving a hard ‘ acid ’ curd 

Temperature also exerts an important in-‘ 
fluonce in cheese making ; the action of the 
rennet is hastened up to about 100°F , and 
ceases at about 130°F The temperature em- 
ployed, the degree of acidity, and the quantity 
of rennet used, will vary with different cheeses 
and also with the nature of the milk, the ash 
constituents probably exerting a considerable 
influence The acidity is often controlled by 
the addition of ‘ starters,’ i e pure cultures of 
suitable lactic ferments or of mixed cultures in 
milk or whey, to the milk The average tem- 
perature used IS about 84°F., at which the 
coagulation takes some 40 to 60 minutes In 
some cheeses, c g Leicester, Dutch cheeses, &c , 
annatto is added as colouring matter at least 
10 minutes before the rennet. Salt is also 
added in the case of hard pressed cheese, when 
the curd has been ground prior to being put in 
the mould for pressing into shape , in the case 
of soft cheese, about the time it is fit to take 
out of the mould. 

With hard-pressed cheeses such as Cheddar, 
Cheshire, Derby, Leicester, Gloucester, Emcn- 
thaler, Gruyere, and Edam, the curd is cut up 
by means of curd knives, it is then stirred 
and heated to acquire the correct stage of 
dryness, consistency, and acidity, after which 
the whey is drawn off and the curd allowed to 
remain till a certain degree of acidity has 
developed. This is determined by means of a 
hot iron against which the curd is pressed, the 
length of the threads which are drawn out on 
pullmg away the curd being taken as an index 
of the acidity produced ; the percentage of 
acidity at the various stages of manufacture 
may accurately bo determined by means of the 
acidimcter. The curd is then ground m a mill, 
and afterwards pressed m a mould into a shape 
which vanes with the different cheeses. After 
being pressed for 2 or 3 days, the cheese* is 
ripened in a <mring room, the humidity and 
temperature of which should be under control ; 
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a temperature of about 55^ to 66°F. being most 
generally desirable. 

To another group of cheeses, in which the 
process of manufacture varies considerably from 
the above, belong the moulded cheeses, in the 
makme of which the pressmg process is omitted, 
or in the case of Wensleydale greatly reduced ; 
the resulting clieese bemg softer and admitting of 
the growth of blue veins of mould {Pemcilhum 
glaucum) in the cracks left between the pieces 
of curd which extend throughout the cheese. 
To this group belong Stilton, Roquefort, Gor- 
gonzola, Wensleydale, &c 

In the case of the small ‘ soft ’ cheeses of the 
Camembert typo, considerable variations are 
made in the process of manufacture, the result- 
ing cheese being quickly ripened by moulds, or 
rather by the enzymes produced by moulds, 
which grow on the outside of the cheeses. 
Penn dll mn candid wm and Oidium Lactis play 
an important part in the ripening of Camembert. 

Indole 18 present in Li in burger and Cainem- 
bert cheeses and in Handkaso Limburger 
cheese also contains phenol Cheddar, Swiss, 

‘ Gararaalost,’ Wick, and Roquefort cheeses do 
not contain indole or phenol. Scatole is absent 
in all cases The amount of indole in Limburger 
cheese increases during the ripening process 
until it reaches as much as 1 part in 52,800 parts 
of cheese (Nelson, J Biol Chem. 1910, 24, 533) 
All cheeses contain p-hydroxyphenylethylamine, 
which IS produced by the action of micro- 
organisms on tyrosine ; the ammo is a normal 
constituent of cheese, and is produced before 
actual decomposition of the latter takes place 
The organisms which produce the substance 
are probably identical with the Baccasei-a- 
Freudenreich (Ehrlich and Lange, Biochem 
Zeitsch. 1914, 03, 156). 

'IVyptophane has also been found in ripe 
Stilton cheese 

The chemical analysis of cheese includes the 
determinations of the water, fat, total nitrogen, 
ash, and salt. The products of ripening are also 
sometimes determined, and the fat may be 
examined for adulteration with animal fats 

To determine the water, ash, and salt, 2 or 
3 grams of well-sampled cheese, cut into small 
pieces, are weighed into a flat-bottomed dish 
and placed on the water- bath at 100°0 , the dish 
being inclined so that the fat runs off the drying 
curd. Weighings are made every hour, and the 
water is found to have all been driven off in 
about 5 or 6 hours 

The melted fat is then poured off and the 
residue well macerated in hot amyl alcohol ; the 
residue may then be burnt and the ash weighed, 
the salt bemg afterwards dissolved out with 
water and the solution titrated with N/10 silver 
nitrate. 

The water may bo determined more rapidly 
by heating from 8 to 12 grams of the cheese 
with petroleum in a chstilhng flask connected 
with a condenser. In from 30 to 45 minutes the 
whole of the water will have been expelled and 
may be measured in a graduated tube (Analyst, 
1913, 146). 

According to Evans, Hastings, and Hart 
(J. Agno. Research, 1914, 2, 167), the organisms 
pfesent in Cheddar cheese m such nun^ers as 
to indicate that they must hav» some function 
in the ripening process, are included in the four 


groups : B lactis acidly B. caseiy Streptococcus y 
and Micrococcus ; each of these groups may be 
divided into a number of varieties according to 
their fermentative powers^ The B. casei group 
IS apparently responsible for the pungent taste 
which develops late in the ripening period 
The action of two or more organisms growing 
together is not the sum of their individual 
actions when growing alone When growing 
together, they may attack substances that 
neither can attack alone, or they may produce 
a larger quantity of acid than the sum of the 
quantities that either can produce alone. The 
volatile acids formed in cheese result from 
the action of Streptococci and Micrococci on the 
citnc acid, lactose, or protein present One of 
the varieties of Streptococcus h forms com- 
paratively large quantities of alcohols and 
esters which contribute to the flavour of the 
' cheese. The B. casei group of organisms form 
propionic acid, acetic acid, and lactic acid. 
Certain members of the B casei group form U 
lactic acid, and others form ^/-lactic acid , a 
mixture of these organisms produces racemic 
lactic acid The racemic lactic acid found m 
cheese during the curing process may also be 
produced to a small extent by enzymic acid, but 
it IS more probably due to the combined action 
of B lactis acidi and the organisms of the B, 
casei group (J Soc Chem Tnd 1915, 34, 97) 

To obtain a typical Cheddar cheese from 
pasteurised milk, the pasteuiising temperature 
should not exceed 88*^ (190°r ) when the milk 
is heated rapidly, or 77° (170°F) when the 
time of heating is from 15 to 30 minutes Heating 
to at least 77° (170°) is needed to reduce the 
number of organisms ; at 93° (200°F ) practically 
all the organisms are destroyed Cheeses pre- 
pared from ‘ heated ’ milk contained . water, 
33*61-3()*22 ; fat, 32 36-34*53 ; insoluble nitro- 
gen (probably unaltered easein), 2*49-2*91 pe 
(Benson, J. Board Agne 1915, 21, 878) 

Ether may be used to extract the fat, and the 
dried curd and fat afterwards weighed , but a 
better method is to take a fresh portion of 
3 or 4 grams of the cheese and grind with twice 
its weight of anhydrous copper sulphate in a 
small mortar, afterwards extracting with ether 
in a Soxhlet extractor 

Modiflcations of the Werner-Schnud or 
Gottlieb-Rose methods also give good results. 

The total nitrogen is determined by the 
Kjeldahl method m about 1 gram of cheese 

According to Richmond, the products of 
ripening may be determined in the following 
manner : 10 grams of the cheese arc placed in 
a small mortar and ground up with 25 c c of 
boiling water , thp liquid is then decanted 
through a filter into a 250 c c flask, the process 
being repeated with mne further similar measures 
of boiling distilled water The total filtrates 
are then cooled, made up to the 250 c c. mark, 
and well mixed The products of ripening are 
determined by the evaporation in a dish of an 
aliquot part (50 c.c ) ; this, after drying till 
constant at 100°0 , is burnt, the weight of the 
dish and ash being subtracted from the weight 
of the dish and dry residue. The difference 
between 100 and the sum of the water, fat, ash, 
and products of ripenmg, may be taken as 
unaltered casein. 

The primary products of ripening may be 
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determined in another 60 o.o. of the filtrate by 
the Ritthausen method as follows : 6 c.o. of 
copper sulphate solution are added and the 
somtion neutralised with caustic soda solution ; 
the precipitate which forms is collected in a 
weighed Gooch crucible , it is then washed well 
and dried m a water-oven, the fat is then ex- 
tracted with ether, and the residue dried till 
constant. The crucible and its contents are 
then Ignited and weighed, the difference giving 
the weight of the pnmary products of npening, 
».e. soluble proteins, &c 


To examine the fat, about 60 grams are dried 
till the fat runs out : the remaimng fat is then 
extracted from the residue with ether, the ether 
evaporated and the fat exammed, as in the case 
of butter fat. The soluble and insoluble acids 
and the Reichert-Wollny figure being generally 
determined, the addition ot animal fats can be 
thus detected. The removal of fat from milk 
used in making cheese can be assumed if the fat 
is less than 46 p o of the dried cheese or less 
than six times the total nitrogen. 


Composition. OF Cheese (Bell). 




100 parts contain 



Propor- 
tion of fat 
in 100 


Percentage com- 




Casein 



Propor- 
tion of fat 

Salt 

per 

position of fat 

Description 

Water 

Fat 

or 

nitro- 

acid 

Ash 

in 100 
parts of 

parts of 

cent 

in 

Soluble 

Insoluble 




genoiia 

matter 

lactic 


dry cheese 

and fat 

cheese 

acids 

acids 

Stilton 

23 57 39 13 

32 55 

1 24 

3 51 

51 19 

52 50 

0 67 

4 42 

88 96 

American (red) 

28 63 1 38 24 

29 64 


4 49 

53 57 

52 12 

0 72 

4 26 

89-66 

American (pale) . 

31-55 

35 93 

28 83 

0 27 

3 42 

52-49 

53 34 

0 82 

4 81 

88 49 

Roquefort . 

32-26 

34 38 

27 16 

1-32 

4 88 

50-75 

54 24 

3 04 

4 91 

88 70 

Gorgonzola . 

31 85 

34 34 

27 88 

1 35 

4 68 

20 39 

53 08 

2 11 

4 40 

89 18 

Cheddar (medium) 

35 60 

31 57 

28 16 

0 45 

4 22 

49 02 

50 49 

1 43 

4 55 ! 

88 75 

Gruy^re 

33 66 

30fi9 

30 67 

0 27 

|471 

46 26 

47 07 

0 81 

4 41 

88 97 

Cheshire 

37 11 

30 68 

26 93 0 86 

4 42 

48 78 

50 84 

1 69 

5 55 

1 87-76 

Single Gloster 

35 75 

28 35 

31 10 

0 31 

4 49 

44-12 

45 24 

1 28 

6 68 

86 89 

Dutch . 

41 30 

22 78 

28 25 

0 57 

7 10 

1 

38-80 

42 41 

4 45 

5 84 

87 58 


The ripening process m cheese, whereby it 
usually acquires a more agreeable flavour, is 
essentially a fermentation of slow character, 
which IS brought about by micro-organisms 
which are generally present in the milk or in the J 
air of the dairy. They can only be controlled, 
to a limited extent, by the process of making, 
temperature, &c It is not possible to destroy 
undesirable organisms by sterilisation, for heated 
milk will not make typical cheese as far as is 
at present known, though heating to 150°F 
is now practised for soft cheeses, (fleanliness, 
from the moment the milk leaves the cow, is of 
the utmost importance 

The orgamsms which cause most trouble to 
the cheese maker are those which produce gas, 
which, when it develops in the curd, produces 
what IS known as heaving or blown cheeses 
These organisms, to which Bacillus coli com- 
munis belongs, often come from manure. Their 
absence can be demonstrated by what is known 
as a fermentation test, which consists in placing 
about 10 c.c of the milk in a sterile test-tube 
and keeping it at blood heat for about 18 hours, 
after which time no signs of bubbles of gas 
should be seen in the tube 

Bitterness in cheese is sometimes caused by 
bactena, as is the case when the milk is infected 
with Micrococcus casei amari or Tyrothrix geni- 
culcUus. An interesting example of a bitter 
cheese organism is that of ToruJa amaray which, 
after causmg much trouble and loss in Canada, 
was eventually traced to the leaves of the sugar 
maple, from which source it infected the clean 
chiums which were stood under the trees after 
be ng cleaned. 

Discolouration of Stilton cheese may Le 


produced by two groups of bacteria acting upon 
casemogen and certain amino acids 

Black spots m cheese may bo caused by 
moulds or by particles of iron which got into the 
milk and are afterwards changed to sulphide by 
the sulphuretted hydrogen produced m ripening 
Other organisms which produce colours (moulds, 
&c ), may get into the milk or may be derived 
from the air or utensils of the dairy at later 
stages of the manufactuie. 

The cheese maggot is the larva of the fly 
Biophila casei There are four species of cheese 
mites. (1) Carpoglyphus anonymus (the Ched- 
dar mite) ; (2) Tyroglyphus siro ; (3) Tyro- 

glyphus longior ; (4) Ahurohius farincs (2, 3, 
and 4 are Stilton and Cheddar mites) (N. B. 
Eales, 1917) 

It must bo remembered that micro-organisms 
and the enzymes they produce play a most im- 
portant part in ripemng ; how far this process 
IS also dependent on the proteolytic enzymes of 
the rennet and to the natural enzymes of the 
milk IS not yet fully ascertained. As above 
mentioned, pure cultures of lactic acid orgamsms 
are sometimes added to milk to be used for 
hard-cheese making, and Camembert is often 
infected with the appropriate mould. Gorgon- 
zola 18 also sometimes mfected with mould to 
make the desired blue veins. As a general 
rule, however, the dairy and district wnere a 
particular kind of cheese is made contain the 
organisms which are necessary for the success- 
ful manufacture of the cheese in question. 

The natural rmd on Gorgonzola cheese 
amounts to from 2 to 4 p.c. of the weight, bpt 
m artificially goated cheese it may amount to 
from 16 to 27 p.c. of the whole weight. This 



CHEMICAL AFFINITY, 


167 


artificial coating consists of a mixture of barytes 1 stitute for butter has led manufacturers, 
and tallow coloured on the outer side with ■ especially in America, to introduce foreign fats 
oxide of iron The importation of coated , of animal or vegetable origm m the production 
cheese into France is prohibited (Hmks, Analyst, | of cheese as a means of utilising skim- milk ; the 
1911, 36, 61). I cream which has been abstiacted being re 

Oleomargarine and Lard Cheese. The sue- placed by lard, oleomargarine, and by cotton- 
cess attending the sale of margarine as a sub- i seed oil. 


Analyses of Oleomargarine and Lard Cheeses (Bell). 



100 parts of tht 


Water 

Fat 

Oleomargarine 

30 96 

28 80 

Lard 

31 30 

24 66 


free acids 


36 27 
38 87 


1 

1 

1 

Ash i 

Per cent, 
of salt 

100 parts of fat contain 

Insoluble 1 Soluble 

Melting- 
point of , 
fat 


fatty acids 

fatty acids ^ 

3-98 i 

1 14 

92 43 

2 16 

77°F. 

6 17 

1 65 

92 88 

1 65 

92°F. 


In flavour and character these samples 
closely resembled milk-fat cheese. Comparison 
of the results of the analysis of the two samples 
with those yielded by genuine cheeses in the 
former table conclusively proves the admixture 
with foreign fat. The low percentage of soluble 
acids indicates that more than one -half of the 
fat has not been derived from milk. J. G. 

CHEIRININE. See under Cheiroline 

CHEIROLINE OjH90aNS2, colourless pnsms, 
m.p 47°~48°, optically inactive, occurs m 
wallflower seeds {Cheiranthus Cheiri [Linn.]), 
1'6--1‘7 pc, and in Erysimum species It 
has the constitution CHg SOg CHg CHg CHg NOS 
and has been synthesised (Schneider, Annalen, 
1910, 376, 207). It is present as a simgrin-like 
glucoside, which is hydrolysed by my rosin from 
white mustard seeds. Wallflower seeds contain 
an enzyme capable of liberatmg mustard oil 
from (myrosm-iree) black mustard seeds (Schnei- 
der and Lohmann, Ber. 1912, 45, 2964). Cheiro- 
Ime has no basic properties, and is said to be 
antipyretic (Wagner, Chem. Zeit. 1908, 32, 76). 
From wallflower leaves or seeds Reeb has 
obtamed cheirinine Oi^HagOj-Ng, which re- 
sembles quimne in physiological action (Arch, 
expt. Path. Pharm. 1898, 41, 302 ; 1899, 43, 
130) and a glucoside chetrantJmi G B 

CHELERYTHRINE O21H17O4N occurs m 
vanous Papaveraceous plants, e g. CheUdomum 
magus (Linn.), Olauctum flavum (Crantz.), 
Sanguinaria canadensis (Linn ) (Probst, Annalen, 
1839, 29, 120, 250), Boccoma spp. Forms colour- 
less rhombohedra with or ICgH^OH, m p 
203°, 0°. Salts intensely yellow and well 

crystallised. The free base is colourless. It 
contains a carbonyl group, and if this is altered 
the basic properties are lost. Perhaps it forms 
oxonium salts (Karrer, Ber 1917, 60, 212). 
Contains two methoxyl groups, and may be a 
methyl ether of sanguinarme Narcotic 

(Komg and Tiotz, Arch. Pharm. 1893, 231, 146, 
161 ; Murrill and Sohlotterbeck, Ber. 1900, 33, 
2802 ; Fischer, Arch. Pharm. 1901, 239, 409, 
426, 438). 

CHELIDONINE CaoHi 905 N,HaO occurs with 
protopine, chelerythrine, sangumarme, and 
a-, )8-, and 7-homochelidonmes in the root of the 
common celandine (Chelidonium magus [Linn.]), 
and with one or more of the same alkaloids m 
Styhphorum dtphyllum (Nutt.) (Selle, Arch. 
Pharm. 1890, 228, 96), Adlumia$cirrJiosa (Rafin.) 


{see under Adlumine), ahd possibly in SanguU 
narta canadensis (Linn.) (Konig and Tietz, Arch. 
Pharm. 1893, 231, 145, 161) It crystallises m 
monoclmic tablets, m p. 135°-136°, [a]^-{-115° 

24'. Yields a benzoyl derivative, m p. 217°, and 
when heated with zme-dust furnishes ammonia 
and a substance with a phenanthrene-like odour 
(Schlotterbeck and Watkms, Pharm. Arch. 1903, 
6, 141). Salts crystaUise well (Wmtgen, ibid, 
1901, 239, 438). It is slightly toxic, resembbng 
morphine m its action. 

CHEMICAL AFFINITY. There has been 
much fruitless speculation about chemical 
allinity, about the nature of the force which 
impels two different substances to react with 
one another Lunng the last half-century, 
however, the efforts of physical chemists have 
been devoted rather to the practical mvestiga- 
tion of the way in which chemical affinity mam- 
I fests itself, and of the extent to which the 
operation of this force is rnoihfied by altermg 
the external conditions Quantitative methods 
have been devised for studying the influence of 
concentration, of tcmpciatuie and press uie, and 
of foreign substances, on the course and products 
of a reaction The object of this article is to 
give an outline of the methods employed and 
the results obtained in this study of the operation 
of chemical aflimty The three chief envisions 
into which the discussion of the subject natuially 
falls are (1) velocity of chemical reactions; 
(2) chemical equilibrium ; (3) catalysis. 

Velocity of chemical reactions. It is well 
known that different chemical leactions proceed 
to completion at very different rates. One 
change may be so rapid as to be practically 
instantaneous, whilst m another case the re- 
acting substances may appear almost mdifferent 
1 to each other. The rate of chemical change 
depends, however, to a marked extent on the 
temperature, so that the velocity of a reaction 
which takes place with extreme rapidity is 
moderated on lowermg the temperature, and 
becomes amenable to experimental mvestiga- 
tion. Suppose now that for such a reaction as 
that represented by the equation A-fB==C+I), 
a range of temperature has been found over 
which the change proceeds at a measurable 
rate ; the question next anses. How is the 
velocity of the change, at a given temperature, 
dependent on the quantities of the reactmg 
substances A and B ? In dealing with this 
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question, we shall assume that the reaction 
system is homogeneous, and that the change 
proceeds completely from left to right, ».e. until 
either A or B has disappeaied 

Tlio reaction system being homogeneous, it 
IS pormissiblo to legaid matters from the mole- 
cular-kinetic pomt of view, and to conceive the 
intc^raction of the substances A and B as taking 
place only in so far as the molecules of A come 
in contact with the molecules of B The velocity 
of the reaction, theiefore — that is, the rate at 
which A and B disappear — will be propoitional 
to the frequency of the collisions between a 
molecule of A and a molecule of B, even although 
only a ceTtain proportion of the collisions is 
followed by chemical interaction Now, on 
kinetie giounds, the fi('queney of the collisions 
between molecules of A and B is proportional to 
the product of their concentiations, hence the 
velocity of reaction between A and B is pro- 
portional to the product of then concentiations 
(or their ‘ active masses,’ as it is sometimes put) 
'J’his proposition is nothing else than the law of 
moss action, applied to the chemical change 
undei consideration. 

The foiegoing jiroposition may be foimulated 
in more definite shape Jf a is the concentra- 
tion of the substance A, and /j ivs the concentra- 
tion of the substance B at the beginning of the 
loaction, then the initial velocity of the change, 
Vo. IS given by the equatmn ah. where 

IS a propoitionality factor, the numerical value 
of which Ls mdepend(nt of the concentrations of 
the reacting substances, and vanes only with 
temperature and other external conditions If, 
now, the leaction is allowed to pioceed for an 
interval of time and if x represents the extent 
to which the concentrations of A and B have 
been diramished by the progress of the change, 
then the velocity at time t, ls given by the 
equation {a~x){b -x) It is obvious 

that must bo loss than Vq, and that the 
velocity of the reaction must diminish con- 
tinuously from the start onwards . thcrefoie, 
represents the velocity of the reaction only foi 
an mfinitely short space of time This velocity 
18 defined by the rate at which x is, at that 
moment, increasing with the time, and if, using 
the language of the differential calculus, wo 
indicate by dx the extent to which x mcreases 
in the mfimtely short space of time dty wc may 
dx 

write {a~-x){h—x). 

The applicability of the law of mass action, 
as expressed in the foregomg formula, is best 
appreciated by reference to a particular case, 
such as the inversion of sucrose. Although this 
change, which may be represented by the 
equation Ci2H220n + H20— 2CaHi208, takes 
place with appreciable velocity only m the 
presence of a catalytic agent such as hydio- 
chloric acid, yet the latter is found unaltered 
when the reaction is over, and the inversion of 
sucrose may be regarded as a particular case of 
the reaction A+B— C-j-I). The fact that the 
inversion is earned out m aqueous solution 
permits, however, a simpbfication of the formula 

^=^1 {a—x){h—x)\ the water takmg part in 

the reaction is a small fraction of the total water 
present, so that x may be neglected in comparison 


affinity; 

dtJC 

with 6, and wo may write '^^~k{a-~x)f where 

h~k^.h Integration of this equation leads to 

the formula . log^ in which, as already 

indicated, a is the initial concentration of 
sucrose, and a—x is its concentration after 
the inversion has proceeded for t units of 
time 

In order to test the validity of the formula 

k~j applied to the inversion of 

sucrose, it is only necessary to asceitain the 
amount of siieiose still pieseiit in the leaction 
mixture at mteivals during the progress of the 
iiivei-sion, and then to see whether the amount of 
sucrose vanes with the time m the manner rc- 
qiincd by the foi inula The simplest way of 
following the coiiise of sugar mvcision is to use 
the polaiimeter The reaction mixture, that is, 
sucrose solution containing a catalytic agent 
such as hydrochloiic acid, is put in the polari- 
metei tube, which should be jiiovided with a 
water - jacket in order to seciiio a constant 
temperature dunng the progre>ss of the inveision 
The angle of lotation is detei mined at the 
beginning of the change, at subsequent mteivals, 
and hnally when the change is complete If we 
indicate by a^, a, and Ooc, the initial angle of 
lotation, the angle at time / from the start, and 
the final angle lespectively, then a ^— ls a 
measure of n, the total sucrose undeigoing in- 
version, and a— is similarly si measure of 
a~x, the sucrose which has still to imdeigo 

nivcmion after time L Hence 

a .r Cl Uqt 

and the formula which should repiescnt tho 

course of the inverSion becomes I: = - log- 

t a— ttoc 

From the a.scertained values of /, a^, a, and a^) 
it is easy to discover whether tho expiession on 
tho right-hand side of tho ec][uation is constant 
oi not The cxpeiimcntal data lecorded m the 
following table show how far in a paiticular ease 
the actual course of sucioso mveision corie- 
spond.s with the velocity foimula . — 


I?tve?6wn 

of /Sucro^'if at 25° 6y N/2 llCl. 

t 

iu minutes 

Angle of i._l 

lotation ^ t — ac 3 C 

0 

-i-26 10° ~ 

50 

16 95° 0 00218 

110 

10 38° 0 00218 

170 

6 40° 0 00219 

230 

185° 0 00219 

371 

-3 28° 0 00221 

QC 

-8-38° — 


Tho expression evaluated in the last column is 

instead of y.loge^^^ — but, 
t a— ttec < a—ttoc 

obviously, if tho value of the former expiession 
18 constant, the value of tho latter must be so 
also. The figures m tho last column are satis- 
factorily constant, and tho figure 0 00219 may 
therefore be taken as the velocity coefficient for 
the inversion of sucrose under the specified con- 
ditions, VIZ at 26° and in presence of N/2 HCl. 
The vanation of the velocity coefficient with 
temperature and with the concentration of th^ 
acid will be discjjssed later. 
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Reactions, m which only one molecule 
of a single substance undergoes change, are 
termed unimolccular reactions, or reactions o] 
the first order The course of all such re- 


actions, apart from possible disturbing factors, 
is represented by the formula 


Examples of strictly unimolccular changes, to 
which the foregoing foimula has been found 
applicable, are the transformation of aceto- 
(mloranilide into ;p-chloracetanilidc, and Beck- 
mann rearrangement, and the decomposition of 
nickel carbonyl. The inversion of sucrose is, 
stiictly speaking, not a unimolecular but a 
bimolecular reaction, for both water molecules 
and sugar molecules are involved m the change 
The reaction takes place, however, m aqueous 
solution, and, as already indicated, the conse- 
quence IS that the course of the mvemion con- 
forms to that chaiac tens tic of a stiictly uni- 
moleeular change In many otliei similar cases, 
a bimolecular leaction piocecds in accordance 

with the formula A:— j ^ Examples of 

this arc the hydrolysis of methyl acetate and the 
decomposition of diazonium salts 

It IS desiiablo heie to emphasise ceitam 
features which aio (‘haiacteiistic of unimolccular 
leactions, fcatuics wlndi can indeed be read out 
of the velocity formula, but are most clearly 
seen by the consuhuation of expeiimontal ilata 
In the first place, foi all unimoleculai reactions 
the amount of change occurring in a given 
interval of time is a constant fiaction of the un- 
changed substance still present 'J'his is a 
iieccssaiy consequence of the fundamental 
velocity ecpiation, as is clear when it is wiitten 

m the foim - —kdf, but the pioposition is 
(l — X 


also in haimony with observation, as will be 
seen by a considciation of (he following data 
bearing on the mvcu'sion of sucrose (Armstrong 
and (Ulclwell, Proc Roy. Soc. A 1905, 74, 199) 
A sucrose solution was invert.ed at 20° with 


hydrochloiio acid, and the angle of rotation (a) 
was determined flora time to time, with the 
results shown below 


Time 

a 

0 

4-21 55° 

15 

20 40° 

120 

13 75° 

135 

12 95° 

225 

8 02° 

240 

8 02° 

oc 

-7*18° 


Tho decrease in rotation durmg the hrst 
15 minutes, viz. 1 *15°, is a measure of the amount 
of change during that interval. The average 
rotation of the solution over this inteival may 

bo taken as = 20 97°, and a 

measure of the unchanged sucrose present is 
given by 20 974-7*18=28 16. Tho ratio of the 
amount of change occurring in the first 15 
mmutes to tho amount of unchanged sucrose 

present is therefore 

intervals from 120 to 135 minutes, and from 
225 to 240 minutes are similarly considered, it 
will^be found that the ratio of the amount of 
change occurring in the 15-minut^ interval to 


the amount of unchanged sucrose present is 
0 039 in each case, practically the same value as 
for the first 15 mmutes of the inversion. Tho 
experimental data, therefore, bear out the state- 
ment that for a unimolccular reaction the amount 
of change occurring m a given inteival of tim«' 
IS a constant fraction of tho unchanged sub- 
stance still present 

Another feature of unimoleculai reactions is 
that the amount of substance changed in a given 
time IS always the same fiaction of the total 
amount of substance present at the beginning 
of the reaction, however this latter amount bo 
varied An illustration of thui is fuimshed by 
tho following data, lefcriing to the inversion of 
sucrose in vciy dilute aqueous solution under 
tho influence of mvertase — 

Grams sucrose Grams sucrose 
per 100 c c. inverted m 60 mins 
1 00 0 249 

0 50 0*129 

0 25 0 000 

This expel imental result is implied in tho 
foimiila for a uniinolet iilai leaction, for if 

IS tho fiaction of the total sui rose which has 
been invoited ui) to tune /, the foimula may bo 

written /t =-7 log , - , and it is plain that tho 

value of y dcjicnds mciely on /, and is mde])cn- 
dent of a 

Eor bimolecular reactions, that is, reactions m 
which two molecules are coiicemed, the funda- 
dx 

mental velocity equation is ^^^l{a—x){b~x), 

as iiidic.ited m the aigument above Intc- 
giation of this equation leads to the formula 

k— . , log If, howe\er, tho two 

{a -b)t ^ea{b — )x 

reacting substances have the same initial concen- 
tration, that IS, if a —by tho integrated formula 

r 1 X 

isk—j , / 

t a(a ~x) 

A typical case of a bimolecular leaction, oi 
leaction of the second older, is tlio saponification 
of an ester by an alkali Under suitable con- 
ditions of temperature and concentration, the 
velocity of saponification is measurable, and the 
pi ogress of the leaction can be detei mined by 
extracting samples of tho reaction mixture from 
time to time and titrating for free alkali. The 
figures in the following table, referring to the 
saponification of ethyl acetate by sodium 
hydroxide at 24 7°, will serve to show how far 
the experimental data are in harmony with the 
foimula just lecorded Tho leaction mixtuie 
in this case was N/40 in relation both to ester and 
alkali, and tho figures under a~x in the table 
aie the volumes of a standard acid solution re- 
quired to neutralise 10 c.c. of the reaction 
mixture — 

i(min) a~x Ka=} 

t a-x 


0 

8*04 

— 

4 

5 30 

0 129 

6 

4 58 

0 126 

8 

3 91 

0 132 

10 

3 51 

0 129 

12 

3 12 

0131 

15 

2 74 

0*129 

20 

2*22 

0*131 
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The figures m the last column are satis- 
factonly constant, and confirm the application 
of the law of mass action to a bimoJecular 
reaction. 

Reactions of the third and higher oiders are 
known and the formulae applicable to these are 
obtained on the lines already indicated (.^ases 
of such leactions, howevei, arc compaiatively 
rare, and it is not proposed to discuss them here 
Investigation has shown that frequently a re- 
action which a general knowledge of the facts 
would lead us to regard as a reaction of a high 
order turns out to be one of a low order T&s 
result IS undoubtedly duo to the apparently 
complex reaction being really a series of succes- 
sive changes of a simpler kind Under these 
circumstances, the velocity of the complex re 
action is determined by those of the component 
reactions which are comparatively slow If, 
for instance, one of the latter is incomparably 
slower than all the others, then the ordei of the 
complex reaction will be the older of this slow 
component reaction 

Influence of Temperature — It is well known 
that a chemical reaction is maikedly accelerated 
by even a slight rise of temperature, but a 
delinit^) measure of the influence of temperatuio 
on a given leaction can be obtained only by 
determining the velocity coollicient of the le- 
action at different tempcratuics The value of 
the temperatuio coefiicient of reaction velocity, 
deduced in this way, is remarkably independent 
of the nature of the paitieular leaction under 
investigation For homogeneous reactions of 
the most varied cliaracter, the factor by which 
the velocity coefiicient at T° must bo multiplied 
in order to give the velocity coefiicient at T-|- lO*^, 
lies, as a rule, between 2 and 4 Speaking 
generally, one may say that the velocity of a 
chemical reaction is doubled or tie bled for cveiy 
rise of 10'’ Ft is a striking fact that the 
tomporaturo coefiicient of various vital processes, 
sucli as vegetable lespnation, is of the same 
order as that found for chemical reactions 
generally. 

Chemical equilibrium. The reactions dis- 
cussed m the foiegoing section have all been 
changes whicli pioceed from left to light until at 
least one of tlie reacting substances has dis- 
appeaied. There aie many icactions, however, 
which do not belong to this type, inasmuch as 
they come to a stop while the reacting sub- 
stances are still present m the reaction raixtuie 
Suppose, for instance, that the reaction between 
two substances A and B is of this dcvscnption, 
and that C and D aie the products of the le- 
action , then the change piocceds until a state 
of equihbiium is attained at winch all four 
substances are present It is further found that 
if the products C and D aie bi ought together, 
they react to form the sulistances A and B, while 
the final state of equilibrium reached is the same 
as in the previous case Such a reaction is 
known as a balanced or reversible reaction, and 
in the correspondmg equation a double arrow 
IS substituted for the usual sign of equality , 
thus • A-4-B'^C-f D. 

The progress of a reversible reaction towards 
its equilibrium position may be regarded as the 
resultant of two opposed velocities, one the ve- 
locity (Vj) with which the substances on the left i 


side react to form those on the nght side of 
the equation, and the other the velocity {vf) 
with which the substances on the right side react 
to form those on the left side of the equation. 
If we take A4-B']^C4-D to represent the 
reversible reaction in question, and suppose that 
at some particular moment the concentrations 
of the four substances in the reaction mixture 
are a, by c, and d respectively, then at that 
moment Vi—k^ab and V 2 ,^lc^cd The observed 
velocity of the change is, of course, the difference 
between and Vy If now the change has pro- 
ceeded at constant temperature untd the 
equilibrium position is reached, and the con- 
centrations of the four substances are a^, 6^, 
and d^ respectively, then v^ — kyCiJj^y and 
—k^c^d^ Since there is cquilibiium, the forward 
reaction is exactly balanced by the back le- 
action, so that ^ 1—^2 and k^a^^~k^c ^ or 

If the latio IS replaced by the one 

k. iif, ^2 

constant K, wo have K=:^^-4r* R is known as 
de 

the equilibrium conslanty and its numerical 
value defines the relationship winch must exist 
between the eqmlibiium concentrations of the 
substances involved in a reversible reaction 
The aigument employed above might obviously 
bo extended to reversible reactions other than 
A-f B^C-f U ' the result in all cases would 
be an eqmlibiium foimula involving a (jonstant 
ratio between the jiroduct of the equilibrium 
concentrations of the substances on the iiglit 
side and the product of the equilibrium con- 
centrations of the substances on tlie left side, 
however the values of these concentrations 
might vaiy individually It ought, peihaps, to 
be pointed out here that, in the equilibrium 
foimula, the concentration of any substance, 
n molecules of which take pait in the reaction, 
must be raised to the ?<th power. 

In discussing the application of the law of 
mass action to revcisible reactions with the help 
of the equilibrium foimula, we shall deal first 
with co^es 111 which the reaction system is 
homogeneous As c'ln example, the ecfuibbrium 
between caibon dioxide, hydiogeii, caibon 
monoxide, and water vapour may be considered , 
the reaction m question is lepicsented by the 
equation 0Qo-l-H,'^00+ HoO. and is ob- 
viously of the typo A + B'^C -f II In Hahn’s in- 
vestigation of this equihbrium (Zeitsch physikal. 
Chem 1903, 44, 513), platmurn was used as 
a catalytic agent, and on this ground the 
objection might be raised that the reaction 
as studied by that investigator is not really 
homogeneous A true catalytic agent, however, 
as will be shown in greater detail at a later stage, 
does not affect the position of equilibrium m a 
reversible reaction, but merely lessens the time 
required for the attainment of oqudibrium. The 
reaction which takes place between carbon 
dioxide and hydrogen, or between carbon 
monoxide and water vapour in contact with 
platmurn, may therefore be regarded as a homo- 
geneous reaction. In Hahn’s expenments, 
mixtures of the gases were passed through a 
heated quartz or porcelain tube containing 
I spongy platnjum. Provided that the rate o£ 
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passage was slow enough to allow the four gases 
to come into equilibrium with each other, 
analysis of the issuing gas gave the equilibiium 
concentrations, C^q^, 0^^, C^q, and The 

relationship between these required by the law of 
C C 

mass action is K= , and the validity 

^'002 

of the law in the case of tins reaction is shown 
by the fact that the value of K obtained is, for 
a given temperature, the same when carbon 
dioxide and hydrogen, in varying propoitions, 
are allowed to react, as when carbon nionoxide 
and water vapour are taken os the initial sub- 
stances A few hgures obtained by Hahn at 
08b’’ will serve to support this statement 
Mixtures of carbon dioxide and hydrogen, in 
the proportions shown in the following table, 
were passed througli the reaction vessid, and 
from analvsis of the issuinp' gas the values of K 
wore calculated by the above formula 


Initial 

mixture 

Equilihrliim mixture 


OOg 

Ha 

rog 

(’0-: 

^Hg 

() dg 

K 

10 1 

89 9 

0 70 

9 

46 

80 38 

1 59 

30 1 

69 9 

7 J8 

23 

00 

46 82 

1 58 

49 1 

51 9 

21 36 

27 

88 

22 88 

1 59 

60 9 

39 1 

34 20 

26 

61 

12 58 

1 64 

70 3 

29 7 

47 66 

22 

79 

6 76 

1 61 


Experiments were made, also at 086'’, in which 
the initial mixture contained caibon monoxide 
and water vapour the mean value of K, 
deduced from these experiments, wius I 65, 
slightly lower than the average of the (igiiies 
recorded m the tabic The disci epancy, how- 
ever, IS not groat, and the numerical data quoted 
sufllce to show that the balance established 
between the four gases, whatevei be their initial 
concentrations, is adequately defined by the 
mass action foimula 

A reversible reaction of great technical im- 
portance is the one which forms the bsvsis of the 
sulphuric acid contact jirocess 

2S0,-|-0,^2S03 

and consideiation of this case fioin the stand- 
point of the mass action law throws light on 
many points (onnected with the proc’css The 
reaction may bo rcgaided as a homogeneous 
one, for the catalysts used in the tei hnical 
proi'css do not afTect the final balance between 
the gases, but only accelerate the attainment of 
equilibi mm 

The application of the law of mass action, in 
this case, leads to the result - — — — —const , 

(^2 ri ’ 

' SOg ^ Og 

in which ^sog’ ^Og equilibrium 

concentrations of the respective substances. It 

is convenient, however, to work with the re- 

ciprocal of the foregoing expression, and to 
regard the equilibrium constant as defined by 
0*0 .Co 

K — — ^ The accuracy of this formula 

^ SOg 

may be tested with the help of the experimental 
data obtained by Bodenstem and Pohl (Zeitsch. 
Elcktrochera. 1905, 11, 373) These investi- 
gators passed a mixture of sulphur dioxide and 
oxygen over spongy platinum, contained in 
heated quartz tubes, and determined the equi- 
VOL. II.— T. 


librium concentrations by anal^xsing the issuing 
gas The figures in the following tabic, obtained 
at 727”, show that the value of K, worked out 
from the equilibrium concent lations, is in- 
dependent (1) of the relative proportions of 
sulphur ihoxide and oxygen passed into the 
apparatus, (2) of the presence or absence of 
nitrogen — 


Initial 

gas ratio 


SOg 

Og Ng 

KxlO 

0 21 

. 1 . 0 

3 49 

0 62 

: 1 0 

3 59 

1 20 

1 0 

3-48 

1 68 

1 0 

3 51 

3 97 

1 • 0 

3 67 

1 23 

. 1 3 76 

3 60 

1 31 

: 1 • 3 7(i 

3 54 

1 55 

1 • 3 76 

3 52 


The expeninents showed also that the value 
of K obtained foi a particular gas mixtuie was 
independent (I) of the diiection in which the 
equilibrium position was .V])pronche(1, (2) of the 
rate at which tlu' gaseous mixture wn»s passed 
ovei the eatalyst The latter result is the 
guarantee tliat the equilibrium position was 
really attained 

Similar results wen* obtained at vaiious 
othei temperatures, and it w«is found that the 
value of K incicixsed lajiidly with using tempera- 
ture*, as shown by the following figures — 


'IVmp 0 

Kx 10’ 

528'’ 

0 015 

579” 

0 077 

()27” 

0 32 

f)80” 

I 12 

727” 

3 54 

789" 

12 6 

832” 

28 0 

897” 

81 6 


This increase means that, as the tempera- 
ture uses, the position of eqmlibnum is shifted 
m favour of the system 2S()>-f 0^ , in other 
woids, the dissociation of sulphur trioxide 
becomes greater For each set of conditions, 
the extent of the dissociation is defined by the 
corresponding numerical value of K, decluced 
from a foimula based on the foregoing table 
It is possible, then, for a given temperature and 
given propoitions c>f sulphur dioxide, oxygen 
and nitrogen in the initial gaseous mixture, to 
calculate what will be the relative quantities of 
tnoxide and dioxide in the equilibrium mixture, 
that is, to calculate the ‘ yielcl ’ obtainable The 
results of such calculations for various propor- 
tions of the gases and for various temperatures, 
are embodied m the following table The 
numbers recorded in the last four columns are 
the percentage's of sulphur dioxide convertible 
into sulphur trioxide under the specified 
conditions : — 


Initial gaseous mixture 

SO, 0, Na 

400° 

500° 

600° 

700° 

1 0 1 p c 5 05 p c 

84 85 p c 

9() 2 

83 2 

59 1 

31 9 

7 0 10 0 

83 0 

9<) 3 

93'4 

73*3 

42 5 

4 0 14-6 

81 4 

99-4 

94 9 

78 3 

481 

2 0 18 0 

80 0 

99 5 

95 6 

80 5 

51 3 


These figures bring out clearly one other point 
involved m the equilibrium formula, namely, 

M 
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the influence of the partial pressure of the 
oxygen. Tf the equilibrium foimiila is written 
in the form 


^soj 1 Cso3 


VK' 


it is plain that the yield at a given temperature 
can be raised by increasing the partial pressure 
of the oxygen, and this conclusion is borne out 
by the foregoing table. The figures show also 
that the lower the temperature the better is the 
yield, but it must be remembered that from the 
technical point of view the time necessary foi 
the attainment of eqiiibbrnim is also an im- 
portant consideration Fortunately, with plati- 
num as catalyst, the union of sulphur dioxide 
and oxygen takes place with satisfactory 
rapidity, even at temperatures as low as 400°- 
6(^0’, at which the dissociation of the trioxide is 
comparatively slight With lc.ss active catalysts, 
however, such as ferric oxide, a higher tempera- 
ture 18 required to secure a satisfactory velocity 
of reaction, and this involves a reduction of the 
obtainable yield 

Another reaction which is of exceptional 
mtorest from the standpoint of chemical equili- 
bnum, and which has assumed groat technical 
importance in recent years, is the synthesis of 
ammonia from nitrogen and hydrogen Although, 
as Deville showed 50-00 years ago, even pro- 
longed exposure of ammonia to olectnc sparks 
leaves a trace of the gas imdecomposod, and a 
minute quantity of ammonia is formed, when a 
mixture of nitrogen and hydrogen is passed 
through a heated tube, it was not until the early 
years of the present century that the reversibility 
of the reaction was properly appreciated and 
an attempt made to apply the principles of 
chemical equilibrium. The physico-chemical in- 
vestigation of the equilibrium N 2 4-3II>'^2NH ^ 
has been carried out mainly by Haber and his 
collaborators {see Zeitscli. Elektrochern 1914, 
20, 697 ; 1916, 21, 89 128, 191, 206, 228, 241), 
but this research, conducted originally on purely 
scientific lines, has developed in a remarkably 
short space of time into a largo scale process 
for the production of ammonia from its con- 
stituent elements 

Granted that there is a genuine equilibrium 
between nitrogen, hydrogen, and ammoma, 
Le Chatelier’s principle indicates clearly that 
at any given temperature increase of pressure 
will shift the equilibrium position in favour of 
ammonia The formulation of the equilibrium 
constant gives definite expression to this 
pressure effect, and for the present purpose the 
constant is best stated, not m terms of the 
equilibrium concentrations of nitrogen, hydrogen 
and ammonia, but in terms of their equilibrium 
partial pressures t 9 and p . 


plji 

On this basis — — 


On this basis — — -r has a constant value 
at a given temperature, or alternatively, 


Since at high temperatures the equilibrium 
concentration of ammonia is relatively Ismail no 


great error is made, aub]ect to that condition, 
by writing where P is the total 

pressure. Tf, further, the nitrogen and hydrogen 
have been taken m the exact proportions required 
by the chemical equation, p^ — . When 

these relationships are coupled with the expres- 
.sion for the equilibrium constant it follows that 
p ^ = ()*326K X P2. Hence, for low concentra- 

^Nllg 

tion.s of ammonia, the partial pressure of this 
ga.s in the equilibrium mixture is proportional 
to the square of the total pressure 

If X IS taken to represent the volume per- 
centage of ammonia in the equilibrium mixture, 

X — ^ X 100 = 32 6K X P This relationship, 

according to which the volume porcciltagc of 
ammonia, for low concentrations, should he 
proportional to the total picssure, is confirmed, 
for example, by some of Haber’s expeiiments at 
800°, in whicli for P—1 atmospheie, .r was 
found to be 0 012, while for P — 30 atmospheres 
X was 0 34 

The .shift of the ammonia equilibrium with 
temperature is shown very clearly by the 
following table, in which the values of Ix, 
based on measurements earned out at a pressure 
of 30 atmospheres, are recorded for a number 
of temperatuies — 

t°C 661° 620° 700° 722° 801° 901° 962° 

KxW 21 3 12 6 6 80 6 82 3*66 2*13 1*68 

Fiom the giaph based on the foiegomg 
values it IS possible to work out for various even 
temperatures and even pressures the maximum 
quantities of ammonia obtainable by the inter- 
action of nitrogen and hydrogen nndor various 
conditions A selection of such figures, con- 
stituting a summary of the influence of pressure 
and temperature on the ammonia equilibrium, 
18 embodied in the following table (valid for 
1 vol nitrogen -f 3 vols hydrogen) • — 


Equilibrium Percentage of Ammonia 


Temp 

at 

at 

at 

at 

Cent. 

1 at mo 

30 atmos 

1(K) atmos 

200 atmos 

400° 

0 44 

10 7 

26 1 

36 3 

500° 

0 129 

3 62 

10 4 

17 6 

600° 

0 049 

1 43 

4-47 

8-25 

700° 

0 022 

0 66 

2 14 

4 11 

800° 

0 012 

0 36 

1-16 

2 24 

900° 

0 0069 

0*21 

0*68 

1 34 

1000° 

0 0044 

0 13 

0 44 

0 87 


From the figures just quoted it is clear that 
the highest percentage conversion of nitrogen 
and hydrogen into ammonia is secured by 
working at a high pressure and a low tempera- 
ture. In large-scale work, however, there is 
obviously a limit to the practicable pressure, 
and the pressure commonly employed in the 
technical process has been 150-200 atmospheres 
A lower limit is likewise set to the temperature 
which can profitably be employed in practice 
by considerations of velocity. By themselves, 
nitrogen and hydrogen combine very slowly at 
temperatures below 1000 °, and it is only in the 
presence of catalysts, such as osmium, uranium, 
and iron that the reaction is reasonably rapid 
at temperatures where the yield of amniWia 
is moderately satisfactory. A big yield and a 
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high velocity of reaction cannot bo achieved ' 
Miniiltanooiisly, and a balance has to be struck ; 
at the temperature which gives the best economic 
results. On the technical scale the temperature 
employed is generally 600° -600° (I, and the 
mixed compressed gases are circulated over the 
heated catalyst in such a way that the ammonia 
formed is continuously removed by refrigeration 
or absorption It should bo pointed out that 
in the manufacturing operation the rate of 
passage of the gases over the catalyst may be 
too rapid to permit the reaching of equilibrium 
at each stage , it may bo economically pre- 
ferable to increase the rate of circulation and 
to bo satisfied with a correspondingly smaller 
conversion at each contact with the catalyst 
(see Maxted, J Soc Chem. Ind. 1018, 37, 
232) 

Many other dissociation equilibria, similar 
in typo to the cases just discussed, have been 
successfully attacked from the standpoint of the 
law of mass action One instance is the cqui- 
librium N204^2N02, a case in which a 
physical method, namely, the determination of 
the vapour density, must be employed to find 
the relative proportions of the reacting sub- 
stances m the equilibiium mixture Obviously, 
no direct chemical method of analysis is per- 
missible in any ease where the equilibrium shifts 
rapidly at the ouhnauf temperature, for such 
analysis involves the removal of one of the i 
substances involved, and this at once upsets the 
equilibrium. 

Another technically important reaction, 
studied from the standpoint of the mass action 
law, IS that which forms the basis of the 
Deacon process (see von Falcken«itein, Zeitscli 
physikal Chem 1907,60,313, 1009, 6.6, .371) 
When a mixture of hydrogen oliloride and air is 
passed through a heated chamber containing 
bricks impregnated with cupric chloride, the 
hydrogen chloride and oxygen react, producing 
ciilorme and water vapour, but the reaction 
corner to a stoj) before all the hydrogen chloride 
disappears ; the reaction, in fact, is a reversible 
one, and may be represented thus • 

4HCH-0,$2Cl2+2Ho0 

Experiments have shown that the equilibrium 
IS defined by an equilibrium constant 

j^_^Cl2-^HaO 

the value of which, at a given temperature, is the 
same, whether the initial gaseous mixture taken 
is hydrogen chloride and oxygten (air), or chlorine 
and water vapour Tho value of K dimmishcs 
as the temperature rises, hence tho extent to 
which hydrogen chloride can be converted into 
chlorine also diminishes with rising temperature. 
If X represents the fraction of hydrogen chlondc 
convertible into chlorine, then the value of x 
can be calculated for any given temperature 
from the corresponding value of K and tho 
partial pressure of the oxygen. For a dry 
mixture of 76*1 p.c. HCl and 23*9 pc. O2, the 
value of X is 0*865 at 352°, 0*79 at 430°, and 0*66 
at 660°. If air is substituted for oxygen so that 
the ^ratio of hydrogen chlonde and oxygen 
remains the same, the value of x is 0*71 at 430°. 
This is approximately the temperature employed 


in the technical process, and tho yield obtained 
18 about 70 p c. The use of lower tern peratu its, 
which would increase the yield, is precluded 
practically because of the much longei time re- 
quired for the attainment of equilibrium 

The cases of equilibrium discussed so far 
have been those m which gases alone are in- 
volved. There are, however, many homo- 
geneous reversible reactions m which liquid or 
dissolved substances take part. A classical 
example is the reaction between ethyl alcohol 
and acetic acid, represented thus : 

nH3‘0OOH-fCjr5OHl|0H3*COOC2H5+H2O 

If 1 mol of acid and 1 mol of alcohol are heated 
in a sealed tube at 100° for a sufficient time, 
examination of the reaction mixture shows that 
it contains J mol each of acid and alcohol, and 
I mol. each of ester and water. If flien 1 mol 
of ester and 1 mol of water are mixed and 
tieatcd m the same way, the equilibrium 
mixture finally obtained has the same com})Osi- 
tion as m the first case 'Phe reaction tlierefore 
IS tiuly levci-sible and tho equilibrium constant 

C C 

13 given by the equation K=: / where 

^ 'ac ^'al 

Og, and C^i arc the equilibrium con- 

centrations of the four substances If v re- 
presents tho volume of the equilibrium mixture 
in litres, then for the case where 1 mol. each of 
acid and alcohol are taken initially 
a 1 

= - and whence K=4 It should 

be pointed out that the composit.ion of tho 
equilibrium mixture may safely be determined 
bv titrating the free acetic acid, for tho velocity 
of the reliction between ethyl alcohol and acetic 
acid IS negligibly small at ordinary tempera- 
tures 

If the law of mass action is strictly applicable 
to tho reaction under consideration, then the 
valuo of K obtained m experiments m which 
alcohol and acid are taken m other than mole- 
cular proportions should also bo 4. Suppose, 
for instance, that m mols of alcohol are allowed 
to act on I mol of acid, and that after equi- 
librium has been reached, tho fraction x of a 
mol of ester has been produced ; then C^= 0^ 

and so that K 

X^ 

" ( 1 seeing whether the 

insertion of the known values of m and x in this 
formula gives the value 4 for K, the applicability 
of tho mass action law may be tested by taking 
K=4 and ascertaining whether tho value of 
X calculated by the formula for a given value of 
m is in agi cement with the valuo of x determined 
experimentally. 'Phis procedure has been 
adopted in tho actual investigation of tho case, 
with the following results : — 


m 

X found 

X calc. 

0*08 

0-078 

0 078 

0 28 

0 226 

0*232 

0*60 

0-414 

0-423 

0*67 

0*619 

0*628 

1*6 

0-819 

0 786 

2-24 

0 876 

0*864 

8*0 

0*966 

0*945 
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The excellent agreement of the figures in the 
second and third cciiimns furnishes a convincing 
proof of the applicability of the law of mass 
action The influence of ‘ mass ’ or concentra- 
tion in affecting equilibrium is very clearly 
illustrated by the numbers quoted in the table, 
for it will be observed that when the amount of 
alcohol is great compared with the amount of 
acid, the latter is almost quantitatively con- 
verted into ester, in other words, the ‘ yield ’ of 
ester from acid is nearly theoretical 

According to a widely accepted view, an 
electrolyte dissolved m water is dissociated into 
positively and negatively charged particles, 
called ions, and investigation of the conduc- 
tivity of electrolytic solutions and of the ab- 
normal effect of eldctrolytas on the freezing-point 
and boiling-point of water supports the con- 
tention that the degree of this ionic dissociation 
increases with tlie dilution of the solution, and 
(hminishes when the solution becomes more 
concentrated The equilibrium, therefore, be- 
tween the undissocmted molecule of an electro- 
lyte and the ions may be regarded as reversdde 

— + 

and can be represented thus : AB^A-f B If 
this view IS correct, then, as Ostwald pointed out, 
the equilibrium should be governed by the law of 
mass action, and the relationship between the 
— q. 

conoentrations of AB, A, and B at a given 
temperature must be defined by an equilibrium 
constant Suppose, for instance, that acetic 
acid IS the clectiolyfe in question, then the 
equilibrium is represented by 

OKj C'OOH ^ CH7C!00 + H 

0 , 

and the equilibrium foimula will be K— 

where {), and (t> are the concentrations of 
the undissociated molecules and of the two ions 
respectively Since, howcvei, the ions are pro- 
duced in equivalent quantities, and 

(J 2 

K= Yf- If dealing witli a solution con- 

taining 1 gram-mol of acetic acid in V litres of 
solution, and if we take a to indicate the fi ac- 
tional extent to whicli the molecules are dis- 
sociated, then in V litres there is 1 — a gram-mol 
of undLssociated acetic acid, and accordingly 

C = Similarly, C i = so that K — * 

For all binary electrolytes which, like acetic acid, 
dissociate into two ions, exactly the same formula 
would be obtained The equation is the alge- 
braic expression of what is known as Ostwald’s 
Dilution Law, and K is usually termed a dis- 
sociation constant or an wm^atioyi constant : it is 
also called an affinity constant 

The determination of a based on the 

relationship « = > where A is the equivalent 

■^QC 

conductivity of the electrolyte at the dilution V, 
and Aqc is the limiting maximum value of the 
equivalent conductivity. The application of 
the law of mass action to the equilibrium 
between acetic acid and its ions and to other 
similar eases is justified by the fact that the 

value of is independent of the dilution 

at a given temperature. In support of this 


statement, the following figures for acetic acid 
may be quoted : — 


V 

K X 10« 

10 

1*79 

32 

1 82 

04 

1 79 

128 

1 79 

250 

1*80 

512 

1 80 


An equally satisfactory constancy of the 

'fj2 

expression ^q-^^y has been observed in the case 

of all acids and bases which are dissociated to a 
comparatively small extent, and for these the 
validity of Ostwald’s Dilution Law may be re- 
garded as established For some reason, how- 
ever, wluch has not yet been adequately ex- 
plained, highly dissociated oloctiolytcs, such as 
strong acuD and bases and neutral salts, do not 
obey Ostwald’s Dilution Law, although in the 
case of potassium chloride Weiland (J Amer 
Cliem Soc 1918, 40. 131) seems to have 
established the validity of the law for this 
compound at extreme dilutions 

Keeping in view this limitation to the 

validity of the formula K=r ^| y, we may 

ask What is the significance of the constant K ? 
The answer will be plain if two feebly dis- 
sociated acids, HA| and HA>, aic compaied at 
the same dilution V Since the acids are feebly 
dissociated, it is a very close approximation to 
the truth to put 1 — — I and 1 — n,==l, so that 

A comparison of the 


Ki=“L anil 


equations shows that the lelative value of 
the dissociation constants is closely related to the 
degree of dissociation ; to put it generally, the 
dissociation constant is a measure of the ability 
of an acid to yield hydrogen ions, which, accoi cl- 
ing to the modern view, are responsible for the 
charac tens tic properties of acids The value 
of K for an acid is, therefore, a measure of its 
strength, of its power to manife-st those pro- 
perties which arc associated with acids One 
set of ciicumstances in which the relative 
strength of two acids is an important factor is 
realised when one gram equivalent of a base, 
such as sochuni hydroxide, is added to a solution 
containing one gram equivalent of each of the 
two acids. The base is insufficient to neutralise 
both acids, and the result is a competition 
between the two acids, each securing a fraction 
of the base A theoretical discussion of this 
problem shows that if x is the fraction of the 
base appropriated by the first acid HAj, and 
\—x accordingly the fraction appropriated by 
the other acid HAg, then, provided the dilu- 

tion is not too great, = . / ;■ L jf^ 

1 X K 2 

therefore, the values of and Kg have been 
determined in the way already described, it is 
possible to calculate the distribution of the 
available base between the two competing acids. 
That this can be done in good agreement with 
experiment is shown by the following figures . — 


HAj ha 2 a; calc, a; found 

Dichloracetic acid Lactic acid 0*95 Q‘91 

Formic acu^ Acetic acid 0*75 0*76 

Acetic acid Butyric acid 0*64 0*53 
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It IS evident, then, that a knowledge of the 
dissociation constant of an acid enables us to 
calculate relatively the affinity or aouhtt/ of tins 
acid foi a base. ^J’liere are other methods for 
asceitaimng the relative alhnity or avidity of an 
acid, methods available in the case of stiong 
acids winch do not obey the dilution law, and to 
which, ihciefoie, no dcHnitc value of K can be 
assigned Among these methods aie the deter- 
mination of the heat effects accompanying 
neutralisation (Thomsen), the measurement of 
the density changes (Ostwald), and the study of 
the influence of acids m acceleiatmg the in- 
version of sucrose or the hydrolysis of methyl 
acetate The order of magnitude of the values 
obtained by these and othei methods for the 
relative affinity of acids is the same, as will be 
seen by an inspection of tht‘ following table — 


Acid 


HCl 

HNO, 

CCI3 COOH 
CHCl, COOH 
CHAfK^OOH 
H (!0011 
CHj COOH 


llelative adiiuty 
deduced fiom 


KXlOO 

Sucrose 

laversiou 

Density 

changes 

— 

100 

100 

— 

100 

100 

30 (approx 

) 75 

80 

6T4 

27 

33 

0 155 

4«8 

7 

0 021 

1 5 

3 

0 0018 

04 

1 


The manner in which a dissociation cqui- 
libimm IS affected by excess of one of the pro- 
ducts of dissociation h<is aheady been lefeiied 
to in connection with the sulphuiic acid contact 
piocess. It was thcio sliown that as the equi- 
librium ooncentTation of the oxygen is iiici cased, 
so the extent to which the sulphur dioxide is 
conveited into tnoxide is mcrctised also In 
other woicls, the dissociation of sulphur tnoxide 
into sulphur dioxide and oxygen is diniinisluMl 
in presence of excess of oxygen, one of the 
products of dissociation An analogous state- 
ment may bo made in connection with the 
electrolytic dissociation of an elcctiolyte, such 
as acetic ai id If to a solution of this acid a 
quantity of (^HjCOO 10ns IS added, the dis- 
sociation of the acid is diminished to a laigo 
extent, i e the concentration of the hydrogen 
ions is very much reduced, and the ac id chaiactei 
of the solution almost disappears It is true 
that CHj COO 10ns cannot be added by them- 
selves, but a solution of the sodium salt of acetic 
acid serves the purpose, foi sinh a salt, to judge 
from its conductivity, is highly dissociated into 
Cilg’CJOO 10ns and sodium ions That the 
effective acidity of an acetic acid solution almost 
disappcai-s on the addition of a little sochum 
acetate solution is vciy cleaily seen by com- 
paring the effects of (1) the acetic and solution, 
(2) the acetic at id solution -{-sodium acetate, on 
the inversion of sucrose It has been found that 
the velocity of inversion in jnesence of 


^H,-C00H+^CH3 COONa 

in about i what it is m the presence of ^ 

CH3COOH alone. Not only is this influence of 
a neutral salt on the effective acidity of a weak 
acid to be expected on the basis of the mass 
action law, but it has also been found possible, 
with the help of the oquilibiiuiii formula, to 


calculate accurately the effect pioduced by 
adding any given quantity of the neutral salt. 

The castxs of equilibiium so far discussed 
have been those which occur in homogeneous 
systems, but there aio nuincious ctises also of 
noil-homogeneous 01 hcteiogeiicous equilibiium. 
The beaiing of the law of mass action on re- 
versible reactions of tins character will be most 
readily appreciated by coiLSideiing one or two 
examples. The dissociation of calcium car- 
bonate may be taken in the lust place If tins 
substance is heated to 750"^ 111 a closed sjiace, it 
bleaks up to some extent into calcium oxide ami 
caibon dioxide : if, on tlie othci hand, caibon 
(.hoxide at atmospheiic picssurc is passed over 
calcium oxide, licated to the aforo-mentionod 
tompeiatuie, the leveiso action takes place and 
calcium caibonato is foimcd That is to say, 
an equilibiium is established which may bo 
icprcscnted thus Cal !03 CaO-j-CO^. in 
applying the law of mass action to this case, we 
aie confiontcd with the question . What is the 
concentiation or ‘ active mass ’ of a solid taking 
pait in a leaction ? An answer to tins question 
may be leached liy siqiposnig that in the gaseous 
phase of the leaction system theie is equilibiium 
between the calcium caibonate, the calcium 
oxide, and the carbon dioxide , that is, each of 
the solid substances conceincd in the reaction 


IS supposed to have a dolinite, if inlimtely small, 
sublimation juessuie at a given tcmpeiature, 
and therefore to be lepresented in the gaseous 
phase On this basis, the equilibiium at a 
given temperature would be governed by the 

foirnula Kj— 7^, where Cj, Ci, and C aic the 
Cl 

equilibiium concentrations of calcium caibonate, 
calcium oxide, and caibon dioxide in the 
gaseous phase, lospectively If partial pies- 
sures arc employed instead of concenti ations. 


the formula would be Now TTt and n,, 

being sublimation piessuies, have fixed values 
at a given tempeiatuie, and are independent 
of the absolute amounts of calcium caibonate 
and calcium oxide piescnt. Hence tt— const , 
and since tt^ and ttj, aic negligibly small, tt, 
tho paitial piessuic of the caibon dioxide, 
IS practically espial to p, the total press uio 
exerted by tho system , so that wo may write 
p —const Tho ajiplication, theiefoie, of the 
law of mass action to the dissociation of calcium 
caibonate leads to tho icsult that at each 
temjieratuio tho reaction system exerts a 
definite piessure — the dissociation prcssui'e, as 
it IS termed 'Plus statement is valid only on 
tho underatanding that the substances involved 
in tho reaction aio kept in contact with each 
other; if provision is made for keeping the 
pressure of tho carbon dioxide permanently 
below or above tho equilibrium value, then a 
reaction proceeds until the calcium carbonate 
(in tho first case) or tho calcium oxide (in the 
second case) has disappeared By artificial 
alteration of the pressuie at constant tempera- 
ture, therefore, any reaction of tho same type as 
CaCQj'^CaQ-l-COj may be made to proceed 
either from left to right, or vice tersd. The 
reaction 2BaQ 2*^2 BaQ 4- Oo is also a case 
whore two solids and a gas are m equihbrium 
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Avith each other, and it maj^ bo treated in the 
same way as the dissociation of calcium car- 
bonate. 

Perhaps the chief point that emerges from 
the foregoing is that the active mass of a solid 
taking part m a chemical reaction is constant. 
The coirectness of this conclusion has been con- 
firmed by the investigation of vanous hetero- 
geneous icactions different in type from the dis- 
sociation of calcium carbonate One of these 
may be considered hcie, viz. the equilibrium 
rejircsented by 3Fe-f-4H^O ^ Fe 304 -}- 4 H 2 
(sec Oeville, (^ompt. rend 1870, 70, 1106, 1201 , 
71, 30; Preuner, Zeitsch physikal. Chem. 1904, 
47, 386) On the assumption that the active 
masses of the iron and the iron oxide are con- 
stant, the application of the law of mass action 

obviously leads to the lesult = const , 

VvL^ 

'Pn^iQ P 112 paitial pressures of the 

water vapour and the hydrogen when equilibrium 
has been established at a definite temperature 
This relationship is verified by the experi- 
mental results, some of which are (j noted m the 
following table The experiments consisted in 
exposmg iron in an eloctiically heated closed 
system to the action of water vapour kept up to 
a constant pressure the total 

pressure reached at equilibrium — ^ -j- 71 ^ 2 — 

the partial piessure of the hydrogen could easily 
be deduced It was further found that, starting 
with excess of hydrogen and non oxide, the 
equihbriuni could be reached in the othei 
direction The results lecoided in the table 
were obtained at a temperature of 9W , the 
pressures are given in millimetres of meicury . — 




"2 

88 

13 5 

0 66 

12 7 

18 0 

0 71 

21 5 

30 0 

0 70 

36 0 

62*0 

0 67 

49*3 

71 8 

0 68 


When the difficult natuie of the expeiiments 
is taken into account, the n umbel s in the last 
column may be legaided as satisfactordy con- 
stant and as demonstrating the applicabilitv ot 
the mass action law to this case. Although in 
a closed system an equilibiium is leachcd in the 
way described, yet if provision is made for re- 
moving the hydrogen as fast as it is formed, and 
thereby keeping its partial pressure peimanently 
below the eq^uilibiium value, the reaction will 
proceed until the iron is all converted into oxide 

There are many reversible reactions in- 
volving a solid sul>8tance and a liquid, or a solid 
and a dissolved substance. Here also the active 
mass of the solid is constant at a given tempera- 
ture, solubihty and sublimation pressure being 
analogous quantities. The equilibrium formula 
undergoes, therefore, a similar simplification to 
that illustrated in *the foregoing paragraphs. 

Influence of Temperature . — In general, a re- 
action system which is in equilibrium at a given 
temperature is no longer m equihbrium when 
the temperature is altered. A measure of this 
influence of temperature on chemical equi- 
hbnum is found in the change of the equilibrium 


constant, and an illustration of the extent to 
which K may change with temperature has 
already been given in connection with the 
oxidation of sulphur dioxide to tnoxide. The 
exact relationship between temperature and 
equilibrium is defined by a formula associated 
with the name of van’t Hoff, according to which 
d(log-K) q 

— - — ~^qr 2 ' The symbol K is the equi- 
libiium constant, that is, the ratio between the 
product of the equilibrium concentrations of the 
substances on the light side of the equation and 
the product of the equilibrium concentrations of 
those on the left side ; q is the heat evolved 
when the reaction goes completely from left to 
nght, T IS absolute temperature, and R is the gas 
constant The theoretical basis of van’t Hoff’s 
formula need not bo discussed here, but one or 
two i^oints mvolved in it may be indicated It 
IS evident, in the fiist placi', that when the heat 
effect of a reversible reaction is small, the 
variation in K is also small, t e. the position of 
equilibrium is but slightly shifted on altering 
the temperatui e. An instance of this is f ui mshed 
by the revomiblo leaction between ethyl alcohol 

d(log„K) 

and acetic acid. Again, if q is positive, 

IS negative, so that K dimimshes with rising 
temperature, con esponding to a shifting of the 
equilibrium m favour of the substances on the 
left side of the equation. If, on tlie other hand, 
(rflog^K) _ , ^ 


q is negative, 


IS positive, and a rise of 


temperature, therefoie, involves a displacement 
of the equihbiium in favour of the substances on 
the right side of the equation It will be ob- 
served that in both cases, whether q is positive 
or negative, a rise of temperature involves a 
shifting of the equihbiium in the diiection which 
means absorption of heat 

As an illustiation of the apjilicability of 
van’t Hoff’s foimula in an individual case, the 
reaction 280.. 280 j 4-0^ may bo taken 

Fioin the values of the equilibrium constant 
obtained for this reaction at different tempcia- 
tuies {see p Ibl), the values of q over naiiow 
mteivals of tcmpeiature weie cahulated by the 
foi inula. It was found that is a linear function 
of the temperature, and may, 111 fact, be lepie- 
sented by the equation g— —47300 -f-4T If 
this expression for q is inseited in the formula 
c/(logeK) <7 1 1 

— ~ ~KT~" cfj^uation is integrated, 

the following formula is obtained . — 

, 10373 


logioK=- 


~2 222 logioT-h 14 586 


The relation between K and T expressed in this 
formula is almost exactly that observed in the 
experimental investigation ; this appears from 
the following figures : — 


to Q 

log K found 

log K calc. 

628 

-4*809 

-4 817 

579 

-4 126 

--4 099 

627 

- 3 600 

-3 602 

680 

-2 914 

-2*893 

727 

-2 461 

-2 463 

789 

-1 900 

-1*922 

832 

-1 653 

-1 673 

897 

-1089 

-1*083 
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Catalysis. No discussion of reaction velocity 
or chemical equilibrium would be complete 
Without a reference to the phenomenon of 
catalysis. It very frequently happens that a 
chemical reaction, which of itself is extremely 
sluggish, proceeds with comparative rapidity m 
presence of some foreign substance — a aitalyst^ 
as it is called. Cases of such an acceleration of 
a chemical reaction have long been known, and 
in both laboratory and technical pioccsscs 
catalysts are in common use 

A rational quantitative study of catalysis is 
possible only on the btusis of the law of mass 
action. In tlio velocity cocfiicient, as already 
explained, wo have a delimte measure of tlie late 
of a chemical change under given conditions 
For a given reaction, therctoio, which is catalyti- 
cally accelerated, the value of the velocity 
coellicient at a given tempeiatuie is a measure 
of the elliCKUicy of the catalyst, and by com- 
paring the values obtained for the velocity co- 
efficient in different experiments, one can find 
out how the efficiency of a catalyst vanes with 
the conditions under which it woiks, and how 
the efficiency fff one catalyst compares with that 
of another woi king Under the same conditions 

General Cha'idctenstioi cf Catalysis — One very 
common and striking feature of catalysis is that 
the quantity of the catalyst is so small compared 
with the quantities of the mam reacting sub- 
stances As a rule, too, the activity of the 
catalyst at the end of the reaction which it has 
accelerated is unimpaired An illustration of 
tln)so features of catalysis is furnished by the 
influence of colloidal platinum in promoting the 
union of hydrogen and oxygen at the ordinary 
temperatuie In some experiments made by 
Brcdig, 2 5 c c of colloidal platinum solution 
(containing 0 17 milligram of platinum) were 
shaken with electrolytic gas, with the following 
results — 

'I’lmo ill llecreaso lii the Decrease per 


minutes volume of gas minute 

10 17 8 cc 178 

20 8 „ 1 80 
30 r>4 8 „ 1 90 

40 72-4 „ 1 7() 

50 90 2 „ 1 78 


The avciagc of the liguics m the last column 
IS a mcasuie of the catalytic efficiency of the 
colloidal jilatinum in the* early stages of its 
activity. The same colloidal platinum Wtis 
then shaken intermittently during 14 days 
with the mixture of hydrogen and oxygen, 
about 10 litres of which disappeared in this 
time. Not only is the contrast between the 
minute quantity of the catalyst and the extent 
of the induced change sufficiently striking, but 
a determination of the actual rate of disappear- 
ance of the gas at the end of the 14 days showed 
that the rate of decrease, measured over succes- 
sive 10-rninuto intervals, was 2 02, 1 87, 1 95, 
1’97, and 2 01 c c. per minute From these 
figures it is obvious that the catalytic efficiency 
01 the colloidal platinum is unimpaired. In 
connection with tms case, however, the objec- 
tion might be raised that hydrogen and oxygen 
do not combine at the ordinary temperature, 
and that the platinum ought to bo regarded, not 
as accelerating a change which would take place 
in its absence, but as actually initiating the re- 


action The answer is that at 500"^ hydiogen 
and oxygen combine with appreciable rapidity 
in the absence of a catalyst, but that, m view of 
the largo temperature cocfhcicnt of reaction 
velocity, the rate of union naturally becomes 
insignificant oven at 400", whilst at ordinary 
temperatures the two gases appear not to react 
at all There IS, however, no reason to suppose 
that there is a definite temperature below which 
aLisolutely no combination takers place 

The mere f.ict that the amount of a catalyst 
may be almost infinitely small compaied with 
the amounts of the substances changed under 
its influence, shows that the final state of the 
reactive system must bo independent of the 
catalyst, m particular, if the acrelcratcd re- 
action IS rover's! ble, the state of ei^uilibrium 
finally attained must be the same as when no 
catalyst is piosent The catalyst, that is, 
mfluences only the rate at which the condition of 
equilibiium is reached, not the position of equili- 
bijum itself Experimental evidence m favour 
of tins piojiosition is supplied by Turbaba’s 
investigation of the relationship between alde- 
hyde and paraldehyde The conver-sion of 
piialdehyde into the eijuilibiium mixture, 
which at 50 5*^ contains 33 9 p c aldeliyde, is 
accompanied by an expansion, and the course 
of the change may therefore bo followed by 
means of a dilatomcter Various substances 
aecehuate the change, but the differ once between 
the mitral and linal volumes, as shown by the 
following figures, is independent of the nature 
and the amount of the catalyst — 


Catalyst 

►Sulphur dioxide 


Zinc sulphate 
Hydrochloric ar id 
Oxalic acid 
Phosphoric acid 


Per cent of Percentage increase 


cataly'st 

ot \oliimo 

0 08 

8 20 

0 07 

8 34 

0 002 

8 19 

2 7 

8 13 

0 13 

8 13 

0*52 

8*27 

0 54 

8 10 


If the position of equilibrium in a rcver’srble 
reaction is independent of the catalyst, then K, 
the equilibrium constant, must be similarly 

independent. Further, since Iv—A where 

ki and Ic, are the velocity coefficients of the 
forwaid and back reactions, it follows that tho 
catalyst must accelerate tho forward and tho 
back reaction in the same proportion. This has 
been demonstrated m connection with the 
catalytic effect of acids on the action between 
an acid and an alcohol and the reverse change. 
It should further bo pointed out that tho 
amount of energy transformed during a chemical 
change, being dependent only on the initial and 
final states of the system, is independent of tho 
catalyst Tho latter may be compared to the 
oil which facilitates the sliding of a weight down 
an mclinod plane, without affecting the total 
energy derivable from the fall of the weight. 

Another point of great interest is the relation- 
ship between the value of the velocity co- 
efficient for a given reaction at a given tempera- 
ture and tho concentration of the catalyst. 
In many cases tho ixulationship is a linear one 
The rate of inversion of sucrose by acids, for 
instance, is proportional to the concentration ot 
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tho hydiogon ions, provided that this coiiceii' 
tration is low, on Ihe basis of this proportion- 
ality, in fact, it IS possible to calculate the 
velocity of mvcision by dilute acetic acid from 
the velocity obseived with dilute hydiochloric 
acid. In other cd^scs, however, the relationship 
between reaction velocity and concentration of 
catalyst is not a linear one. The decomposition 
of hydrogen peioKide under the influence of 
colloidal platinum is an illustration of this 
The coui*se of the decomposition can be followed 
by extracting a dclinite volume of the reaction 
mixtuie from tune to tune and titrating with 
potassium pel manganatc The coui-se of the 
change is in haimony with the foi inula for a 
unimoloculai reaction, and for such concentia- 
tion of platinum a dclinitc value of ky the 
velocity eocflicicnt, <‘an be obtained The 
following table (ontaiiis the values of k conc- 
spondmg to vai ions coneentiations of platinum — 


Platinum coiiccutiatiou Tc 

210X10-*^ 0 072 

10 5xl0-« 0 024 

5 2x10-0 0 0084 

2’bxlO~o 0 0027 


From those liguie.s it appears that wlien the 
concentration of the catalyst is doubte<l, tlie 
velocity of decomposition is trebled 

Calalifiib and the law of action — d’ho 

general characteristics of catalysts have been 
discussed m the foicgoing ]>aiagiaj>hs, but it 
must be admitted that the ])lienomena assoc latod 
with catalysis aie fic([ucntly moie complex than 
has boon sugge^sted 1 1 ajipears that the catalyst 
often works in such a way as to mask the u])cia- 
tion of the law of mass action altogethei 
Although a detailed discussion of these peeuli- 
antios of catalytieally accelciated reactions is 
not possible here, a brief consideiation of some 
typical cases vill be found useful 

An investigation has been made of the rate 
at which sulphur dioxide and oxygen unite m 
presence of platinum (cs^c Bodenstein, Zeitseh 
physikal Chem 1607, bO, 1), and the rc'sults 
show that the velocity of union is independent 
of the oxygen concentration (except when it is 
extremely smajl), piopoitional to the concen- 
tration of sulphur dioxide, and invci’sely pio- 
portional to the square root of the tnoxido con- 
centration 1’his behaviour is obviously quite 
dilfcrent from what would be expected under 
the law of mass action The explanation 
adopted by Bodenstom is that the factor which 
really deteimincjs the velocity of icacticm is the 
rate of passage of the sulphur dioxide through a 
layer of suljihur trioxidc, absorbed at the surface 
of the platinum From this point of view, what 
18 measured is a diffusion velocity, not a leaetion 
velocity, for it is supposed that the sulphur 
dioxide and the oxygen, when they have reached 
the platinum, react with great rapidity Boden- 
etein has further shown that the rate of union of 
the two gases under the influence of othei 
catalysts is governed by the same factors. Not 
only so, but it has been found that the rate of 
change in many other heterogeneous catalytic 
reactions is, m all probability, determined by 
the physical process of diffusion This is the 
ease with the union of hydrogen and oxygen m 
contact with heated porous porcelain {ace Bone 
and Wheeler, Phil. Trans. 1906, 206, 1) ; in this 


instance, the rate of union of the gases appears 
to bo determined to a large extent by the rate 
of occlusion of hydrogen. 

Additional support of the view that the 
velocity of a hetorogenoous catalytic reaction 
may be determined mainly by a diffusion process, 
is fuiiiiahcd by the relatively low value of the 
ternpciature coeflicient in those eases As 
already iiidu ated, the velocity of a homogeneous 
chemical leaction is doubled oi tiebled foi every 

k, 

rise of 10®, but the value of for a lietero- 

geneous reaction is fiequently not much gioatcr 
than the value (about 1 6) we should expect il 
the lato of reaction were determined by a 
diffusion velocity alone 

Among the most imjioitant catalytic re- 
actions aio those whicli take place undei the 
influence of enzymes These catalysts aie able 
to juoiiiote changes in oigaino matter which, in 
their absence, can bo effected only with gioat 
difficulty, 'riiere is a close analogy between 
cn/yme.s and oidmaiy moiganic catalysts, but 
it is frequently found that, owing to tlie opi'ia- 
tion of various factois, the couise of a icaction 
which takes jilace under the influence of an 
enzyme, deviates consideiably fiom what wo 
should expect on the basis of the law of mass 
action In the inveisiun of sucio^e by invertase, 
for example, the velocity coefficient, calculated 
by tlie foi inula for a iini molecular ic^action, 
incictiscvs with the time (Blown, (ffiein i8oc 
Tians 1902, 373) Tins is shown by the 
following table, winch lefcis to the inversion of 
a 9 48 p e sueiose solution at 30® , the symbol 
X staiicls foi ihe fraction of the total sucio&e 
invcited by time t — 


t mm. 

X 


30 

0 2()5 

0 00445 

64 

0 509 

0 00483 

120 

0 794 

0 00571 

180 

0 945 

0 00698 

240 

0 983 

0 00737 


The depaituie fiom the law of mass action 
becomes still dealer whe^n experiments are 
made in winch .i constant amount of invei tiise 
IS allowed to act foi a given time on varying 
amounts of sueiose in a constant volume of 
solution 8uch experiments show that tho 
enzyme, instead of inverting a constant fraclioHy 
as lequiicd by the law of mass action, has in- 
verted a constant v'cight of sucrose in tho given 
time , only when the cpiantity of sucrose is very 
small is tho law of mass action obeyed 
In the hydiolysis of staich by diastase, and of 
milk sugar by lact.xso, it is similarly found that 
tho amount of change induced by the enzyme is, 
for tho initial poition of the change, a linear 
function of the time {see Brown and Glen- 
dinning, Chem Soc Trans. 1902, 81, 388 ; E. F 
Armstrong, Proc Roy. Soc 1904, 73, 500) ; the 
later portion of the change, when the amount of 
catalyst is larger relatively to tho amount of 
carbohydiate, conforms to the law of mass action. 

Another peculiarity about enzyme action, 
which IS frequently observed, is that the activity 
of the enzyme does not remain constant through- 
out the whole course of the change which, it 
induces In the hydrolysis of amygdalin by 
emulsm, and * of milk sugar by lactase, the 
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products of reaction seem to exert a speoilic 
influence in putting tlio ciuyme out of action 
(see Tarnmaim, Zeitscli. physikal Clieiu 1892, 
K), 271 ; Armstrong, Proc. Roy Sou 1904, 73, 
500). This 13 indicated by the regular falling 
1 1 

off in the value of ~ log as tlib reaction pro 

coeds, that is, as the jiroduots of the icaction, 
accumulate 

Mechanism of catalysis — Many theories have 
been advanced as to the way in which a catalyst 
exerts its inlluenec Accoiding to one very 
commonly accepted view, a catalyst is effective 
because it combines witli the substrate, and this 
intermediate comjjound then breaks up into the 
liiial products of change, the catalyst being 
1 1 belated. Obviously, if this account of cata- 
lytic change is to give an adequate inteipieta- 
tion of the plienomena, it must be sujqioscd that 
the foimation and decomposition of the iiitei- 
iiiediate compound together requiic a shortei 
time for their occuiieiice than the diiect change 
itself. Theic is a good deal of evidence, laigcly 
of an indiioct knicT, iii favour of the view that 
combination takes place between catalyst and 
substrate. The inci eased stability of inveitasc 
in presence of suciose, the spocihcity of enzymes, 
and the occuiience of a linear poition m the 
time curve for the hydrolysis of sugam, are facts 
which contribute to this evidence In the case 
of tlio catalytic influence of molybdic acid on 
the leaction between hydrogen poi oxide and 
hydrogen iodide, it has been delimtely shown 
that combination takes place between the 
molybdic acid and the liydiogon pei oxide 
Aluminium chloride also, well known as a 
catalytic agent, foims dehnite coiiqiounds with 
the substances the reactivity of which it 
piomotes Rut although wo may frequently 
assume the very piobable formation of inter- 
mediate compounds m enzyme action and cata- 
lysis generally, it is quite inqiossible, in many 
cases, to specify the nature of these compounds 

There are, moi cover, many cases in winch 
the efficiency of a catalyst depends almost 
certainly on something else than the formation 
of intermediate compounds. The investigation 
ol non-homogeneous catalytic reactions, such as 
the combination of sulphur dioxide and oxygen 
under the influence of platinum, or the union of 
hydrogen and oxygen under tlie influence of 
poious porcelain, has led to the conviction that 
in these cases occlusion or adsorption of the i*e- 
acting substances occurs at the surface of the 
catalyst, and that the higher concentration of 
the reagents thus secured is responsible for tJio 
greater velocity of reaction. It is possible to 
interpret enzyme action also on this basis, for 
the solution of an enzyme is, strictly speaking, a 
non-homogeneous system. 

Bibliogra'phy, — Chemical Statics and 
Dynamics, J. W Mellor ; Thciinodynaraics 
of Technical Cas Reactions, F. H aber , 
Nature of Enzyme Action, W. M. Rayliss , 
Cantor Lectures (Royal Society of Arts), 1918, 

J. C. Philip. J C. P. 

Catalysis in Industrial Chemistry. 

Within the last two decades the applications of 
catalysis m industrial chemistry ha\e undergone 
remarkable developments. Many catalytic pro- 


cesses are now in operation on the large scale 
for the production of both inorganic and orgaruc 
substances, and the steadily increasing amount 
of research work done in this field of investiga- 
tion will, without doubt, lead to the miioduc- 
tion of many other methods of manufacture 
based upon the influence of catalytic agents 
Methods of preparation of inorganic sub- 
stances in which catalysts are employed are as 
yet compaiativcly few, but amongst them are 
included processes foi tlie production of such 
mdispcnsable materials as hydrogen, chloiine, 
sulphuiic acid, amiiioma, and nitric acid. In 
oicler to meet the growing demand for puie 
hydrogen various methods for the production 
of that element from water have been worked 
out, and sovcral of these aie based upon the 
fact that in jirescnce of suitable catalysts steam 
and carbon monoxide interact at moderately 
high tempeiatures with the foimation of hydiogen 
and caibon dioxide, which, of course, can bo 
easily separated lion or other metals of the 
non gioup seiVe as catalysts , when the foimci 
is employed its activity is mcicased by the 
addition of small quantities ot ‘ ai tivators,’ such 
as potassium hy dioxide, or by using it in the 
form of an non-coppei couple. The reaction 
between steam and caibon monoxide may also 
be effected in presence of heated lime, pre- 
f Cl ably containing a small adimxtuie of iron, 
or of a mixture of lime and charcoal 

Chlorine may be jirepaied catalytically by 
the well-known l^eacon jirocess, in which hydio- 
chloric acid is oxidised by atmospheiic oxygen 
m piesence of cupric chloiide at a tempeia- 
tuie of about 400°, and also by the method due 
to Hargieaves and Robinson, in winch the le- 
action between sodium chloiide, sulphur dioxide, 
and oxygen, which results in the foimation of 
sodium sulphate and chlorine, is piomoted by 
the pic&cnce of a catalyst such as cupiic oxide 
In the contact process for the manufactuie 
of sulphuric acid the piimary reaction, viz the 
foimation of sulphuiic anliydride by combination 
of sulphur dioxide with oxygen, is effected 
thiougli the agency of platinum, although 
ferric oxide is also used as a catalyst. In the 
foiinci case vciy complete pielnnmary puiilica- 
tion of the gases is essential, since vaiious im- 
purities, and especially arsemc, even in minute 
quantities, quickly ‘ iioison ’ the catalyst and 
mipair or destroy its activity 

The synthesis of ammonia is now carried out 
on a very laigc scale, since it has been dis- 
covered that when a highly coiiqiiessed mixtuie 
of nitiogen and hydrogen is passed over a 
catalyst maintained at a temperatuie of 500°- 
600° the proportion of ammoma pioduced is 
sufficiently great to make the process remuneia- 
tive. Even under the most favourable condi- 
tions most of the nitrogen and hydrogen remam 
uncombmed, hence it is necessary to adopt a 
continuous process in which the lesidual gases 
are again passed over the catalyst after removal 
of the ammoma Many different metals and 
other substances, e g. metallic mtrides, have the 
power of catalysing this reaction, but it is 
undei stood that iron is employed m practice ; 
the metal is in a fine state of division and 
rendered active by the addition of a promoter. 

When a mixture of nitrogen with oxygen 
or air is passed over a suitable catalyst at 
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temperatures of 600® and upwards nitric oxide is 
formed ; excess of oxygen converts this compound 
into mine peroxide, which, when dissolved in 
water, yields mtric acid and nitric oxide. The 
catalytic method of manufactunng mine acid 
from ammoma is based upon these reactions. 
Originally platinum was used as the catalyst, but 
it has been found that iron activated with small 
quantities of bismuth or other substances is 
also very eflicicnt. The mixed gases are passed 
over the heated catalyst with high velocity, 
hence a i datively small contact chamber 
suffices for the oxidation of compaiatively large 
quantities of ammonia iSo far as expenditure of 
power IS concerned, this process is much more 
economical than ihe arc piocess, in which 
nitiogen and oxygen are caused to combine 
directly at a very high temperature 

Catalysts are also utilised m the manufacture 
of graphite fiom charcoal or coke m the clectiic 
furnace ; in the preparation of carbon tetra- 
chloride ; m the elttmnaiion of carbon disulphide 
from coal gas , in the production of sulphur by 
limited combustion of sulphuretted hydrogen 
m the (’laus kiln ; in the pieparation of sulphuryl 
chloride^ of hydrazine^ and oi aluminium nitride , 
and in the electrolytic processes for the pre- 
paration of hypochhritcHy chloratesy and per sul- 
phates, and foi the regeneration of chromic acid, 
Moieovcr, it is claimed that they may be used 
with advantage m makmg sodamtde, and m the 
manufacture of alkali cyanides by the action of 
mtrogen on heated mixtures of alkali carbonates 
and charcoal. 

Largely as a lesult of the pioneer work of 
8abatier and Senderens catalytic methods are 
likely to become of great importance in the 
domain of organic chemistry Thus, for instance, 
hydrogen has been found available for many 
operaiions of reduction and of hydrogenation 
when used along with vaiious catalysts In 
the former class of reactions nickel is in general 
very effective, but as it is sensitive to ‘ poisons,' 
particularly the halogens, care must be taken 
that both the hydrogen and the substance to 
bo attacked must be freed from such impurities. 
Palladium and platinum, especially when in the 
colloidal state, are vciy active catalysts of such 
reactions The operations may be carried out 
either at the orchnary oi at increased piessuro, 
and either at such temperatures that the 
reacting substances are vaporised, or at the 
ordinary temperature with the substances in 
the liquid state or in solution Among i educing 
actions of importance carried out at high tem- 
peratures may be mentioned the production of 
methane from carbon monoxide or dioxide, the 
preparation of aromatic amines from nitro 
compounds, and the reduction of aldehydes and 
ketones to alcohols. In the reduction of nitio 
compounds copper, either alone or with the 
addition of an activator, is an effective catalyst, 
but may be replaced by iron, nickel, silver, or gold 
The hydrogen may be used by itself or mixed 
with steam, and in place of hydrogen mixtures 
of carbon monoxide and steam may be employed. 

The preparation of indigo white may be 
quoted as an example of reduction at the 
ordinary temperature. Indigotm, suspended 
in a solution of sodium hydroxide, is rapidly re- 
duced by hydrogen at 60®-80® m presence of 
active mckel; the catalyst is easily removed 


by filtration, and the solution of indigo white 
thus produced has the advantage of being free 
from any excess of the reducing agent. The 
process is applicable to the preparation of leuco 
doiivatives of other vat dyes. 

With mckel as catalyst the addition of 
hydrogen to unsaturated compounds, when in 
the state of vapour, is easily effected. Ethylene, 
for example, is readily converted into ethane 
at 200®, and the preparation of hexahydro 
derivatives of benzene and other aromatic 
compounds is cairied out with little difficulty 
In solution, and especially m picsence of 
colloidal platinum or palladium, vaiious alkaloids 
have been conveited into hydro derivatives, 
which may prove of value mcdiiinall^, and a 
most useful application of the process of hydro- 
genation is the ‘ hardening of fatsf i e the con- 
version of oils or liquid fats into sohd fats 
This hardening process depends essentially upon 
the production of the solid glyceiide tiistearm 
by addition of hydrogen to the liquid glyceiide 
tiiolein Nickel is usually employed as the 
catalyst, but the oxide of nickel has also been 
iccommended, and the use of a number of other 
metals (particularly those of the platmum gioup) 
and of their compounds has baen patented 

A number of processes, in which reduction is 
effected by agents other than hydrogen, are 
also promoted by various catalysts For 
example, m the reduction of azobeiizene with 
sulphurous acid, the presence of a trace of 
hydriodic acid has a most benclieial effect, and 
the remarkable discovery has been made that 
the reduction of certain dyes with liydiosulphitcs 
or formaldehydo-sulphoxylates is greatly pro- 
moted by the addition of small quantities of 
ceitain other dyes Moi cover, in a number of 
electrolytic reduction processes, the presence of 
catalysts is advantageous ; thus the electrolytic 
reduction of mtro-, nitioso-, or a/o- compounds 
18 facilitated by the addition of titanous salts, 
in very small quantity, to the li(£Uid 

Many processes of oxidation are also induced 
or acceleiated ^ by catalysts A well-known 
example of direct oxidation is the pioduction 
of formaldehyde by passing a mixtuie of the 
vapoui of methyl alcohol and air thiough a tube 
containing heated copper or platmum. Acetal- 
dehyde IS rapidly and smoothly converted into 
acetic acid by the action of a current of air if 
a httle manganous acetate is dissolved in the 
aldehyde. Atiihraquinonc may be obtained by 
heating anthracene with oxygen, under piessure, 
if some cupiic oxide or other catalyst is also 
present. In oxidations with sulphuric acid, as, 
for instance, the preparation of phthalic acid 
from naphthalene, the velocity of the leaction 
is in many cases greatly increased by the 
addition of small quantities of mercury or 
copper. If catalysts are present solutions of 
alkali chlorates readily act as oxidising agents 
m many cases where otherwise the reaction 
takes place slowly or not at all ; thus a trace of 
vanadium pentoxide has a most advantageous 
effect in the preparation of aniline black by 
oxidismg andine with these reagents. Hydrogen 
peroxide is a most valuable oxidising agent for 
many hydroxy compounds if traces of ferrous 
salts are also present, and some processes m 
which oxidation is effected through the agency 
of nitrobenzene, e.g. the manufacture of magenta. 
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re promoted by the addition of ferrous ^Ita 
^hich act catalytically as oxygen carriers, 
loreover, electrolytic oxidation is frequently 
ccelerated by catalysts ; for example, in this 
lethod of preparing anthraqumone, a little ceric 
ulphato or chromic acid is added to the sul- 
huric acid in which the anthracene is suspended. 

Catalysts are capable of promoting processes 
f dehydrogenation as well as of hydrogenation, 
’or instance, an excellent methocf of obtaining 
cetaldehyde consists in passing the vapour of 
thyl alcohol over copper heated to about 300®, 
nd in a similar manner ketones may be pie- 
ared from secondary alcohols, e g. camphor 
rom borneol, with satisfactory results. Hydro- 
irhons also are dehydrogenated at compara- 
ively low temperatures in presence of metals 
uch as coiiper, nickel, or iron, and m this 
onnection it should bo noted that a number of 
atents have been taken out winch cover the 
inployment of those and other catalysts in 
lie ‘ cracking ’ of petroleum for the jiroduction 
f motor spirit, benzene, &c , from heavier oils. 

Other reactions m which catalysts are 
ffective include the hydration and the dehydra- 
Lon of organic compounds An example of 
ydration is the preparation of acetaldehyde by 
iducing the combmation of acetylene with 
ator, which is earned out by passing a current 
f the gas into an aqueous solution of an acid in 
rosence of a mercury salt winch acts as the 
italvst. The hydrolysis of esters, which may 
Iso be included in this category, hnds practical 
lustration in the hydrolysis of fats into free 
itty acids and glycerol by the action of water 
^ntaming a small quantity of a catalyst, e g 
ilphophenylstcaric acid. Dehydration is exem- 
lihed by the catalytic pieparation of ethylene 
nd other unsaturated hydrocarbons. Ethyl 
fcohol breaks down into ethylene and water 
dien its vapour is passed over alumina h( ated 
j a temperature of 360°, and isoprenc and other 
ydrocarbons of the same senes can be obtained 
y a similar dehydration of dihydric alcohols 
'he catalytic influence of mineral acids m 
ccclerating the formation of esters by the 
itoraction of organic acids and alcohols is 
ell known, and it has been found that acotaldc- 
yde and ethyl alcohol leadily react with forma- 
on of acetal in presence of calcium cldondo and 

trace of hydrochloric acid. Moreover, in 
I any of the jirocosses gioupcd under the heading 
condensation,’ which hnd such extended 
pplication, there is no doubt that the con- 
ensing agent plays the part of a catalyst. 

Much space would be required if an attempt 
ore made to illustrate all the other kinds of 
tactions of organic compounds which are 
ivourably influenced by catalysts, and it must 
iffice merely to indicate the employment of 
lese agents in connection with the following 
perations : The preparation of aromatic 

ydrocarbons, e.g. of toluene by the action of 
lethyl chloride on benzene in presence of 
lumimum chloride ; the preparation of halogen 


derivatives of both aromatic and fatty com- 
ounds, when various catalysts known as 
alogen carriers are of the greatest service , 
the preparation of sulphoiiic acids derived 
from benzene and other hydrocarbons, from 
pyndine, &c , the preparation of derivatives 
of amines or of amino- compounds, particularly 
ot those in which aromatic radicals are intro- 
duced mto the amino- group, e g the production 
of phenylanthramlic acid, which is easily 
effected by the addition of a small quantity of 
copper powder to a boiling solution of o-chloro- 
benzoio acid m aniline ; the preparation of 
certain diazo- compounds, and the replacement 
of the diazo- group by the chlorine, bromine, oi 
cyanogen radical ; the preparation of aldehydes 
and ketones, e g of benzaldehydefrombenzylidono 
chloride or directly from benzene, and of acetone 
from acetic acid ; the prepaiation of certain 
sulphur compounds, in which category the 
important methods of vulcanising rubber may 
bo included. Moreover, in many cases, intra- 
molecular reairangements and polymerisations 
are accelciated by catalysts. The transforma- 
tion of hydiazobcnzeno mto benzidine under the 
influence of a strong acid, is a familiar example 
of the former class of change, whilst the latter 
IS exomplitied in the synthesis of various kinds 
of rubber by the polymerisation of butadiene 
and its homologues, which is promoted by the 
presence of sodium, acetic acid, and other 
catalysts, and m the conversion of acetaldehyde 
mto para-acetaldehyde, ethyl acetate, or aldol 

Finally, it must be noted that a number of 
very important operations, for example, the 
manufacture of ethyl alcohol, are earned out 
through the agency of that group of catalysts 
produced by living organisms which are known 
as enzymes. In many respects the action of 
enzymes is similar to that of inorganic catalysts, 
and especially to that of colloidal platmuni or 
palladium, but is specific m the sense that a 
defimte enzyme is icquired to bung about a 
particular tiansformation, G. G. H. 

CHERRY. The fruit of Pi u a us avi um (sweet 
cherry) or P. cerabus (Morelia cheiry) There 
aie many varieties. Konig gives, as the com- 
position of ordinary cheirie^ : 

other 

Free Invert Sacch- laibo- 

Wutei ProUun acid buuar arose liydrates Fibre Ash 
80 (> 12 07 89 00 18 5805 

Included m the cai boliydrates is 0*()-l 0 pc. 
of pentosans (Wittreaun, 1901). A more 
detailed examination by Keim (Zcitsch, anal. 
Chem 1891, 30, 401) showed that m the unrqie 
fruit of P cerasus, citric, malic, and succinic 
acids were present ; that cane sugar was present, 
but diminished greatly as the fruit ripened. The 
ripe fruit contained no succinic acid, but malic 
and citric acid equal to 0 46 p c. expressed as 
malic acid, were present, and the sugars were 
dextrose, levulose, and traces of inositol Shaw 
(Expt. Station Record, 1899) found, as the mean 
of the analyses of 13 varieties of cherries : 


Average 

Whole fruit 

Flesh 


lu the llesh 


weight 

Flesh 

Stone 

Juice 

Hesiduo 

Water 

Protein 

Sugai 

Ash 

5 ’29 grams 

93*9 

6 1 

• 

86 4 

13 6 

1 

81*3 

0-9 

11 2 

05 
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Komg gives, as tlie mean of many analyses 
of cherry juice ; Sjj gr. 1 0737 ; total solids, 
19*4; sugar, 12*8; protein, 0 42; free acid, 0 75, 
tannin, 0 09 ; ash, 0 55, grammes per 100 c.c. 
Konig gives, as the composition of the ash . 


Wnok ^ (j cl^ tn u 

fruit . 54 8 4 4 5 8 5 4 1 5 15 () 5 4 5 0 1 0 8 0 
Flesh only 50 1— 7052 — 12 9 


The Jveinels of cli(*riy stones contain . 

Nltiogeu- 

Watei Protein Tat iiee e\tiact Tibic Ash 
41*0 0 9 14 1 33 4 3*5 1 0 


4'ho kcinels contain about 0 82 p c of 
arnygdtilin. 

i)j led clieiiies contain, accoiding to analyses 
by Konig and Kraueh (llesli only) 

Olliei 
Iiiveit caibo- 

VVater sugar liydrates Pioteiu Tat Tibic Vsh 
49 9 31 2 14 3 2 1 0 3 0 0 1 0 


WiJlstatter and Zollinger (Aniialeu, 1910, 
412, 104) lind that the eolouiiiig matter of tlie 
skins of clieriics is keiacyannif the tliloiidc of 
winch can bo obtained m crystals contaming 
cither 4 niols of water (led slcndci needles) 
or 341jjO (stout blown piisms) The tiiloiide 
has the eonipositiou Cg 7143^0 15(4, and is readily 
hydiolyscd by boiling witli hydioehlone acid, 
yielding cyamdm, dextiosc, and rhamnosc. 
Koraeyanin is thus a diglucosido of cyamdm 
^ ficqucnb constituent of the 
colouring matter of Uoweis and fruits {v 
Anthocyanins, If f 

CHERRY BARK TANNIN e Tannins 
CHERRY LAUREL LEAVES. Laurocoabijo 
ha (B P ), leaves of P ni tins Lain oca asas{Lim\ ). 
CHERRY^ LAUREL OIL v Oils, Essential 
CHERRY TREE GUM e Gums 
CHERT, {Feueifitcui, Hornstetn, Gcr ) A 
silicious mineral allied to chalcedony and flint. 
Similar terms aio applied to hoinstone and to 
any impure flinty rock, including the jaspeis 
It IS wdrkcd extensively fiom carboniferous 
limestone quarries in Tlintshiie, Ciuieeially at 
Halkin and Talacic in Oonbighslnie, lleibyshue, 
and al Reeth in Yorkshire It is used m 
potteiies for paving the mills in which flints are 
ground The following is an analysis of a 
sample from Vizzin, Sicily, given by Ricciaidi 
(Gazz chim. ital 11,319) — 


lutcrior 

81 Og AI2O3 T(*0 CaO HaO Sj) gr at 22^ 

96 31 0 30 0 25 0 47 2 81 = 100 14 2 572 

White (rust luetaniurphosecl by heat 

81O2 AI2O, TeO CaO llnO Sp gr at 22^ 

97 02 0 32 3 ‘39 0 55 1 68 = 102 96 2 520 

CHESSYLITE or CHESSY COPPER. {Kup 
ferlasury Ger ) A blue oxycarboiiate of copper, 
2CUCO3 Cu(OH) 2, found native at Chessy near 
Lyons {v Coppeb) 

CHESTNUT. The sweet chestnut is the seed 
of Castanca vescay the horse-chestnut that of 
Maculua hippocastanum. 

Average cornpomtion : 


Sweet chestnuts . 

Welter 

Pro- 

tein 

Cdibo- 

Fdt hydrates Tibre Ash 

Fresh kernels 

. 38 5 

6 9 

80 

44 9 

17 

Dried kernels 

58 

10 0 

10 0 

70 9 

2*7 

Spanish 

10 0 

9 3 

7*5 

08 1 2 4 

27 

Horse chestnuts 

38 9 

48 

4*6 

46-2 8 7 

18 

„ (alr-dried) 

14 8 

6-8 

51 

68*3 2-7 

22 


Sweet chestnuts are laigely used as human 
food ; the horse-chestnut has been tiled as 
cattle food, with success (Gay, Ann Agron. 1896, 
22, 401 ; Auld, J Soc. Ehem Iiid. 1913, 32, 173) 
The kernels of an aquatic plant, Trapa 
bidjnno^ay are extensively used as food under 
the name of water- chestnut, in the Noith West 
Provinces of India, being loastcd and pounded 
to a lloui Hooper (Pharm J. Tians. 1894, 
53, 22) found this flour to contain . 

8ugar 

Water Piotelu Tat and gum Starch Cellulose Ash 

4 2 8 4 10 14'4 63 8 3 6 4-7 

The ash of the flour contained a little man- 
ganese, which, however, was abundant m other 
parts of the jilant. 

The bark of the Jiorse-ehcstnut, especially in 
eaily spring, contains cesculia 0i5HiftO9, the 
glucosiQO of ccsculetin (j5,Hg04, Another glii- 
co&ide, argy) casein C27II12O12, occurs in the 
seeds of the hoi -^e- chestnut (Rochledci, J. pr 
Chem 1862, 87, 1) 

Fiom the tat-fiee cotyledons two acids aie 
obtained, viz. oiscuhe acidy fine needles, in p 
214°-215'’, insoluble m watei, foiming yellow 
ainoi pilous .salts, and cescidinic acidy golden- 
yellow needles, m p. 230^-231°, Levoiotatoiy, 
soluble in water, foinimg yellow salts (Masson, 
Bull Sci. Phairnacol 1918, 25, 65) 

Bweet chestnut, s contain small quantities of 
lesins and tannin, and ini hided m the carbohy- 
drates aie sugar, dcxtiin, starch, and othci 
substances Very diverse amounts of these have 
been found by difloient ob.servcis In the 
lioise-ehestnut, accortbng to Laves (Zeitseh 
angcw Cfliem 1902, 1013), tlieic aie about 50 p c 
staich, 14 p c cane sugar, 13 p c gluco.se, and 
0 2 p e tannin II I 

CHESTNUT EXTRACT. The wood of the 
Spanish chestnut. Casta nea vescay though it 
contains only 3-6 p c of tannin, is the source 
of the much-valued chestnut oxtiact The bark 
contams more tannin than the wood (17 p e ), 
but IS not much used. The tree, which grows to 
from GO to 80 feet in licight, is abundant in Italy, 
the South of France, and Coisiea, wlicio it foims 
immense forests, and it is also veiy common in 
America. 

Trimble (The Tannins), who very carefully 
exammed the tannin, obtained analytical data 
and reactions which indicated that it was 
identical, or nearly so, with gallotannm, but it 
IS probable that this wood also contains tiaces of 
a catechol tannin, for a certain quantity of a red- 
colouring matter is also present, winch resembles 
m character a phlobophano. Some wi iters have 
suggested that chestnut tannm is a methyl ether 
of ordinary gallotannm, but there is apparently 
no dofimto evidence 111 support of this theory 
Chestnut is employed almost entirely in the 
form of extract, the strength of which varies, but 
usually contains from 26 to 32 p c of tannin. 
The extract is frequently decolourised, and some- 
times mixed with quebracho extract and other 
materials. Chestnut tannin is the tannin 
which 18 most largely employed for the dyeing 
of silk. Castanea vesca appears to be fre^ently 
confused with the horse-chestnut, Aculua 
hippocastanum The tanmn derived from this 
latter is, however, of httle or no practical value 
(c/. Poliak, Collegium, 1913, 6, 291 ; J. Soc. 
Chem. Ind. l!ll3, 32, 706), A. G. P. 
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CHIAN TURPENTINE v. Oleo-resins 
CHICA RED AND CARAJUR A. These are rare 
pigments prepared by the Indians of Central 
America from species of Bignoma which are very 
similar in appearance and may contain as a 
basis the same colouring matter. A red pig- 
ment of this character, evidently ‘ Chica red,’ 
18 referred to in The Tiavels and Kesearchea of 
Baron Humbolt (Macgilivray, Edinburgh, 1836, 
p. 229) . ‘ Red paint is the ordinary decoration 
of these tribes The most common kind is 
obtained from the seeds of the Bixa orellana 
and IS called annotto, achoute, or roucou 
Another more expensive species is extracted 
from the leaves of the Bignonia chica ’ Accord- 
ing to Crookes (Dyeing and Caheo Printing, 
1874, 388) chica is obtained from the leaves of 
the B chica which the Indians boil with water, 
and add some particles of the baik known as 
‘ aryano ’ to the (iccanted liquid which causes 
the precipitation of the colouring matter 

An interesting iLsumi of what is known of 
this subject is given by Holmes (Pharm. J., 
1901), who states that preparations very 
similar to carajura are cmjiloycd by the South 
Amencan Indians in Brazil, Bolivia, and 
Guiana Those include chica from the leaves 
of B. chica^ fiom ‘ ula ’ leaves derived from an 
unknown spocuvs of Bignonia in Bolivia, and a 
pigment prepared from the heaitwood of the 
B m Minas (Brazil) The latter, accord- 

ing to Lee ((!Kem Soe Trans 1901, 284), is 
prepared by mixing the dust and shavings of 
this tree with slaked lime and heating the mass 
with water Fiom the B tccoma Leo isolated 
a considerable amount of a yellow crystalline 
compound, fcconiin v Biononia tecoma 

Carajura or (Vajiira was apparently first 
examined by Viroy (Joiirn do Pharmacio et 
Chiinio (3) 5, 154) The sample experimented 
with, which came from Para, was soluble in 
alkalis and was precipitated therefrom by acid, 
and IS stated to have been prepared by the 
Galibis by boiling with water the stem and 
leaves of an unknown species of Bignoma when 
the latter in the autumn had acquired a purple 
colour 

Crookes states {loc cit ) that ehica is soluble 
in 36 p c alcohol, in ether and in alkalis with 
a vinous rod colour, and when lieated in a sealed 
tube with alkali and glucose gives a bluish-red 
liquid which becomes brown on exposure to air 
and then yields on acidification an orange-red 
precipitate. 

As the result of an examination of chica red 
or carajura said to bo derived from the leaves 
of the Bignoma chica, Erdmann (Jahres. 1867, 
487) assigned to the colouring matter which ho 
isolated by extraction with alcohol the formula 
CgH^Oa. This substance was soluble in caustic 
alkali but not in alkali carbonate solutions, and 
when oxubsed with chromic acid gave anisic 
acid, whereas with nitric acid picric acid was 
produced. 

Perkin (Proc Chem. Soc 1914, 30, 212), who 
examined a sample of ‘ carajura ’ obtained from 
Messrs. Wright, Layman, and Umney of London, 
and which is referred to in the paper of Holmes 
{loc. cit.), found this to contam a small quantity 
of the calcium lake of two colouring matters 
which had either been precipitated on, or inter- 
mingled with a substance of the nature of ground 


bark or peat After treatment with hot dilute 
hydrochloric arid, alcohol removes the colouiing 
matters m the form of a resin, and from this, bj 
means of boiling benzene, carajurin is isolated 
This compound, to which the formula CisHi^Og 
has been jiro vision ally assigned, separates in 
ruby needles, melting at 204°-20r)®, is soluble 
m boiling dilute alkali with a red colour, and is 
nearly devoid of dyeing properties With 
mineral acids it very readily yields oxomum 
.salts, crystallising in bright, orange needles, of 
which the sulphate, probably Cl^Hl605 140804* 
HgO is the most stalile, the hydi dhromidc and 
hydrochloride being decomposed at 100° From 
the hydrochloi ide a plntnnchlonde can bo pre- 
pared. (Jold acetic anhydride with a trace of 
pyndine, after two days, gives an almost 
colouiless acciyl compound, crystallising in 
needles, whereas bromine gives an immediate 
piecipitate with farajiinn in acetic acid, which 
when boiled with this solvent, separates in 
orange needles Hydnodic acid conveits cara- 
jiiiin with loss of 2 molecules of methyl iodide 
and probably also of a molecule of water into a 
substance provisionally termed carnpti etin iodide, 
bright scarlet needles, stable m the presence of 
cold water, and from this by means of cold 
pyridine, caiapiniin scarlet needles, 

melting above 330°, and soluble m alkalis with 
a reddish-violot colour, is produced By dry 
distillation carajurin evolves a trace of aromatic 
oil, lesembling amsaldeliydo m odour, and when 
fused with alkali, p-hydroxyhenzoic acid and a 
colourle.ss substance, melting at 185°-187°, as 
yet unidentified, are obtained In many 
respects carajurin resembles the anhydio- 
hydroxybenzopyranol compounds described by 
Billow and Wagner (Ber 1901, 34, 1190). 

That portion of the alcoholic extract insoluble 
m benzene yields to ether carajnrone, isolated 
as a scarlet powder, which readily assumes a 
beetle-green lustre, and possesses strong dyeing 
properties Analysis indicates the presence of 
more oxygen in this compound than in carajurm 
A small amount of a similar, but brighter lake 
from British Guiana, and obtained from the 
loaves of a ‘ bushrope,’ gave a colouring matter 
dyeing alizaiin-like shades This preparation, 
considered to bo ‘ chica red,’ appeared to differ 
m some respects from the ‘ carajura ’ above 
de.scribed 

Bignonia Tecoma. Tccomin, {q v ) 

A G.P 

CHICAGO BLUE, -ORANGE, v Azo -COLOTJP- 

ING MATTERS. 

CHICK PEA Cicer arietinvm, L A legumi- 
nous annual, growing to a height of about 2 feet, 
largely cultivated in India, where its seeds are 
used as food for cattle and horses, and, after 
the removal of the husks, for man. 

In some ca.ses the young leaves, fried in oil, 
are also eaten. Church (The Food Grams of 
India, 1886) gives, as the average composition 
of the seeds • 

Sol carbo- 

Water Protein Fat hydrates Fibre Ash 
With husk 11 2 19 6 4*6 63 8 7*8 3-1 
Husked . 11*6 21 7 42 69 0 1026 

Analyses of vanous parts of the fresh plant 
were made by Passcrim (Staz. Sper Agrar. 21, 
20 ; Chem. Soc. Abstr 1893, li. 226). 

The fresh substance of the stems, leaves, and 
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entire pods contained 27 '64 pc., 24 39 p c., and 
19 86 p.c. of dry matter respectively. 

The dry matter of the stems, leaves, and 
seeds contained : 


(Villi- other carbo- 
Proteiii Fat lose hydrates Ash 


I Nitrogen 


Stems 6-36 1 8 36 0 
Leaves 14'21 4*1 13 9 

Seeds 26 20 6*2 1 7 


490 7*81 
68*9 8 83 
63*6 3 30 


1-62 
2 27 
4 19 


The ash contained : 

M J ® § I J J O" o' _ 

Stems 48 4 0*6 23 6 4'4 2 1 0*03 6 3 6 8 6*2 3*7 

Leaves 29 6 0 9 40 6 3 3 3 0 — 6 0 4 4 11 3 1 8 

Seeds 24 613 46 20 024 — 39 634 072 9 


Traces of boron, lithium, and copper were 
also present in the ash 

A detailed analysis of the dry matter of the 
seeds was made by Zlataroff (Zeitsh. Nahr. 
Oonussm. 1916, 31, 180), who* found — fat, 6 30 
p c , starch 60'32 p c., fibre 3*62 p c , ash 2*87 p c , 
total nitrogen 3 34 p c , protein nitrogen 2 1 1 p c , 
nuclein nitrogen O'lO p.c , ammonia nitrogen 
0 10 pc, amide nitrogen 0 01 pc, ammo-acid 
nitrogen 0'12 p.c. ; total phosphoric acid 0 998 
pc, inorganic phosphoric acid 0'118 pc, 
organic soluble phosphoric acid 0*244 p c , 
lecithin phosphoric acid 0 142 pc, protein 
phosphoric acid 0*486 p c Oxalic acid (0*007 p.c ), 
citric acid, betaine, choline (0 02 pc), adenine, 
inositol and a phytosterol were also present 

H. I 

CHICLE A gum imported into the United 
States for the manufacture of chewing gum. 
A sample from Yucatan contained .* Acetone- 
soluble matter (resins) 40 0 ; gutta and carbo- 
hydrates 17 4 ; proteins 0 6 ; sand and foreign 
matter 2 3 ; water 35 0 ; ash 4 7 p.c. 

For analytical methods of determining its 
value, see Dannerth, J. Ind Eng, Chem. 1917, 9, 
679; J Soc Chem Ind. 1917,971 

CHICORY or SUCCORY. Gichonnm Intyhus 
(Linn.) A perennial plant belonging to the 
Compositce, growing to a height of about 3 feet, 
bearing blue flowers and having a long tap root. 
It is sometimes grown as cattle food, the foliage 
being thus used, but more generally it is culti- 
vated for the sake of its root, which, when dried, 
roasted, and ground, is largely used for mixmg 
with coffee The blanched leaves are also used 
as a salad 

According to Letheby’s analysis (quoted by 
Wynter Blyth, Foods, 369, 1909), fresh chicory 
roots contains : 

Bitter Cellulose, 

Gummy oxtrac- inulln, , 

Water matter Glucose tlve Fat and fibre Ash | 

77*0 7*6 1*1 4*0 0*6 9*0 0*8 1 


roasting the reducing sugars are increased, a 
large portion of the inulin is changed, and caramel 
and dextrm are formed. 

Even by storing a portion of the inulm is 
converted into mulide and some of the less 
readily fermented inulides undergo further de- 
gradation and are converted into the more 
readily ferpented inulides. Wolff (Compt. rend. 
1916, 164, 514) finds a substance which he calls 
tnulo-coagulase in the root, which coagulates 
the inulin in the expressed ]uice. It is more 
abundant in the outer than in the central 
portions of the root and is destroyed by heating 
to about 60° It does not coagulate starch, 
milk or pectin In a later paper, Wolff and 
Geslin (Compt rend. 1917, 166, 661 ; 1918, 166, 
428) state that iniilm breaks down, under the 
influence of an enzyme present in chicory root, 
to levulose with intermediate formation of 
inulides 

The bitter principle is believed to be a 
glucoside of lovuloso and a pyrocatechuic 
derivative, probably the aldehyde (Grafe, 
Biochem. Zeitsch 1916, 68, 1) The determina- 
tion of cupric reducing power affords a moans of 
detecting the presence of chicory in coffee. The 
extractives of roasted coffee contain from 1 9 
to 2 6 p.c of reducing sugars, whilst the ex- 
tractives of roasted chicory contain from 25*2 
to 27 7 p c. When the extractives of a coffee 
decoction yield more than 3 p c. of their weight 
of reducing sugars the presence of chicory is 
indicated The addition of cane sugar to the 
coffee does not affect the results and its presence 
may be detected by the polarimeter 

The presence of beetroot m ground chicory 
may be detected by washing the suspected 
sample with sodium nypochlorite solution until 
all soluble colouring matter has been removed, 
when the particles are to be examined under the 
microscope If beetroot is present the particles 
will be seen to contain numerous black cells 
filled with crystals of calcium oxalate. The cells 
are oval or elongated and are more numerous 
near the ligneous vessels of the woody portion 
of the root (Collin Ann. Falsif. 1916, 9, 271) 
Petermann (Bied. Zentr 1883, 843) found 
pure roasted chicory to contain : 

Soluble in water ^ 74*2 p c. 

Dextrin Colouring 

Water Glucose and inulin Protein matter Ash 
16 3 26*1 9*6 3 2 16*4 2 6 

Insoluble in water , 26 8 p.c 
Protein Fat Cellulose Ash 
3*2 6*7 12 3 4*6 

The ash of chicory root and leaves, according 
to Wolff, contains : 


Analyses by Mayer (Bied. Zentr 1886, 828) 
gave : 


Albu- 

Water minoids Fat Inulin 
72 1*1 0*2 12*0 

to to 

77 17*3 


Bitter 


Fibre 

Sugar 

extract 

Ash 

1*4 

5*6 

06 

1 4 

to 

to 

to 

to 

1*8 

6 0 

0*16 

1*9 


Wolff (Chem. Zentr. 1899, li 211) also found 
that chicory root contains from 13 to 16 p.c. of 
inulin, and an optically mactive sugar, R 3 man- 
throse. He states that drying the roots has 
little or no effect upon the sugars, but during 


K«0 NaaO MgO CaO FeoGj P^Oj SOj SiO^ Cl 
Root 40 4 7*7 


Leaves 60*0 0 7 


6 3 8 7 3( 
3*2 14 3 — 


142 90 6*0 3*7 
9*0 9 0 1*0 1*7 


Wynter Blyth (Foods, 369, 1909) gives as 
the main differences between the ashes of coffee 
and chicory, the following : — 


Coffee ash 

Silica and sand . — 

Carbon dioxide . 14*9 

Feme oxide . . 0*44-0*98 

Chlorine ^ . . 0*26-1*1 

Phosphorus pentoxide 1 0 *0- 1 1 ‘0 


Chicory ash 

10*7-36*9 p.c. 
1*8-32 „ 

31-6*3 ,. 

3.3-4 9 „ 

5*0-60 „ 
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The soluble ash of chicory may be taken as 
about 1*74 p.c., that of coffee as about 3 0 p.c. ^ 

Chicory has about three times the tinctorial 
power of ordinary coffee, and this has been pro- 
posed as the basis for a rough estimation of the 
amount of chicory present in a mixture of coffee 
and chicory (Leebody, Chem. News, 30, 243). 

The sp gr. at 15 5° of a solution, made by 
boiling a quantity of the substance with ten 
times its weight of water, affords a ready method 
of approximately dctermming the amount of 
adulteration The following table gives the 
specific gravities of infusions made in this way 
from the vanous substances • — 

Spent tan .... 1*00214 
Acorns . . . . 1 00730 

Peas 1 00730 

Mocha coffee . . .1 00800 

Ceylon coffee . . .1 00870 

Java coffee . . .1 00870 

Costa Rica coffee . . .1 *00000 

Native Ceylon coffee . . 1 *00900 

Brown malt . . .1 01090 

Black malt . . . 1 02120 

Dandelion root . . .1 02190 

Red beet .... 1*02210 

Yorkshire chicory . . .1 01910 

Foreign chicory . . .1 02260 

Guernsey chicory . . .1 02326 

Maize 1 02530 

Broad raspings . 1 02630 

(quoted by Wynter Blyth, Foods, 360). 

Hehnor and Skortchly propose a determina- 
tion of furfural (a measure of pentosans) as a 
means of* examining suspected coffee Coffee 
gives about 5-5 5 p c , chicory about 2 5 p c 
of pentosans (Analyst, 24, 178) H 1. 

CHILE SALTPETRE, Sodium nitrate (v. 

Sodium). 

CHINA BLUE. Syn Water Bine, Cotton Blue, 
Opal Blue v. Triphenylmethane colouring 

MATTERS. 

CHINA CLAY or KAOLIN t; Cl^y. 

CHINA GRASS. Ithexi Ramie fJbre, This 
substance is the fibre of two (or perhaps more) 
species or varieties of the genus Boehmeria, nat 
ord. UrhcacecBj shrubs allied to the nettle 
{Urtica)y but possessing no stings, namely, 
Boehmeria nivea (Hook and Am ) with a white 
hairy under surface to the leaf, and B, utilis 
[B. tenacissima (Gaud.)] with a green (Blume) 
under surface (more or less hairy only on the 
nems) to the leaf It is the Tchou-ma of China 
and the Rheea of Assam. The plants grow to 
a height of from throe to five feet, throwing up 
numerous straight shoots as thick as the little 
finger, and covered with short soft hairs. Its 
leaves grow upon long foot-stalks and are 
broadly heart-shaped, about six inches long 
by four broad It is a native of China and 
Sumatra, where, as in India, it has long been 
cultivated. 

Its manufacture into mats used for making 
sails, foot-mats, &c., is carried on in Southern 
China, where three crops of Tchou-ma are taken 
each year, of which the second is the best. For 
this purpose the grass is sorted into bundles, 
which are soaked in water for two or three days 
and then dried in the sun. If a red colour is 
desired, the grass is steeped in ajdeoootion of 
sapan wood ; if yellow, in a decoction of the seeds 


and flowers of the common Chinese plant 
or m one of Sophora japonica, to whicli a little 
alum is added as a mordant. Other vegetable 
dyes are also employed ; but of late years 
anibne colours have m a measure taken their 
place. 

By processes of manufacture an exceedmgly 
fine fibre is produced on separating the filaments 
of the stalk — a fibre distmguished by its strength, 
which is nearly three times that of Russian 
hemp ; by its length, which is greater than that 
of any bast product ; and by its lustrous, silky 
appearance Great efforts have been made, with 
more or loss success, to render the use of the 
fibre m European textile manufactures commer- 
cially profitable It will be seen from the fol- 
lowing remarks that there are difficulties in the 
way In the first place, the method of separat- 
ing the bast by hand was tedious, and could only 
bo performed whilst the stems were quite fresh, 
thus limiting its production to the immediate 
neighbourhood of the plant’s growth. In China 
the bark is stripped from the stems and the fibre 
scraped off with a knife, a process which removes 
the whole so-called grass if performed while the 
stem IS still quite fresh, but leaves a large por- 
tion if it has become at all dry Even under 
the best conditions a very skilful operator can 
collect only two pounds of grass per day, the 
average quantity obtained bemg only half a 
pound to one pound. It is further found that, 
owing to the large amount of pectinic substances 
contained in these TJrticacece^ the long steeping 
or retting processes used with flax and hemp 
cannot be practised on account of the ensuing 
excessive fermentation, which injures the fibre 
Experiments made in India wit^li unskilled 
workers gave about four ounces per day each as 
the result of their labour Attention has conse- 
quently been given to mechanical processes for 
separating the fibres from the bark m the green 
and in the dry state. With this m view, the 
India Office some years ago submitted samjdes 
of the dried article to Dr Forbes Watson, who 
reported that he did not find it at all difficult to 
obtain the fibre from stems which were quite 
dry. The difficulty m the case of India is that 
the best crops are obtained during the rainy 
season, when it is all but impossible to dry the 
stems except by expensive artificial means , 
while, as above pointed out, the liability of the 
plant to ferment resulted in the spoiling of the 
crops when its treatment was delayed. The 
Government of India has followed up its in- 
quiries and encouraged inventors to competition 
in producing a machine capable of dealing with 
the green crop. It may be said that this en- 
couragement has result^ in an approximation 
to success ; thus, in one instance of a machine 
consisting of a cylinder with beaters revolving 
at a high speed against the stems upon which 
meanwhile a jet of water is poured, Dr. Watson 
estimated the cost of producing the fibre to 
average 4L to 5/ per ton The yield from the 
machine was from 1 to 2 tons of green stalks 
per day, estimated to produce about 100 lbs. of 
cleaned fibre. 

In the treatment of green stalks by hand 
the Favier’s process conasts in subjecting the 
plants to the action of steam for 15 to 30 
minutes, after which the bark is easily stripped. 
Those stems also which have been standmg 
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aomo time after being cut can alao be treated 
without leaving any appreciable amount of fibre 
on the Htalkfl. 

The operation of scutching the dried stems 
presents no dirtieulty when steam power is 
applicable and when the quantity of material to 
be treated is sufficiently large The next pro- 
cess, however, of ‘ ungumming ’ has given a little 
trouble Since (ffima grass contains from 22 to 
28 or, m some cases, up to 36 p c of gum, it is 
necessary to remove this constituent of the fibre 
before it can be spun into yarn For this pur- 
pose many partly mechanical and partly che- 
mical processes have been devised It may 
sufficiently describe the lines which these various 
systems take to say that they rosomblo generally 
the processes adopted in the scouring and bleach- 
ing of cotton goods — that is to say, by subjecting 
tlio material to pressure under tlie ajijilication 
of steam, and to alternate treatment of alkaline 
and acid agents 

American inventors have devised means by 
which the fibre can bo spun in ordinary cotton 
machinery. Rossi, of Naples, has patented a 
method by which China grass can bo retted 
without chemical agents When chemically 
degummod lamie is ^nanufactured in com- 
bination With cotton and d^od and printed, the 
goods possess a silky lustre which enhances the 
colours on both hbies 

China grass has little or no attraction for 
dyes, and consoquontty the methods adopted in 
the dyeing of cotton or of jute are applicable to 
it It IS found that mineral colours, such as 
chrome yellow and orange, destroy the peculiar 
lustre of (Jhina grass , the yellow dye obtained 
with cadmium sulphide, however, is not open to 
this objection Alizann mordanted with Tin key- 
red oil destroys the lustre, whilst aniline colours 
fixed with the same mordant do not Rosanilino 
derivatives and azo- colouring matteis may bo 
used satisfactorily It is recommended that the 
grass should bo dyed immediately after retting 
and before spinning, to preserve the cha-racter- 
istic sheen 

The textiles formerly associated with China 
grass were such articles as handkerchiefs and 
‘ grass cloths,’ imported direct from (^hina , but 
recent efforts to introduce the manufacture as 
well as the growth of (-hma grass into Europe 
have led to other developments Thus at the 
manufactory of Zittaii in Saxony, the fibre has 
found application in tapestry and dress goods, 
table-cloths, damasks, lace, fancy knitting yarns, 
&e It IS also used in the manufacture of in- 
candescent gas-mantles 

A number of other species of Boehmeria also 
supply bast fibres 

CHINA INK Indian ink 

CHINAPHENIN. Trade name for pheneti- 
dine-quimno carbonic ester Formed by treat- 
mg 7 ?-phenetidino with phosgene and combining 
the product with quinine 

CHINA-STONE. A granitic rock, having its 
felspathic constituent more or less decomposed, 
but not completely kaolmised, and with an 
absence of coloured minerals, such as biotite 
and tourmaline. As the felspar still retains 
part of its alkali, and as some micaceous mineral 
IS generally present, the stone is fusible ; hence 
it is largely used in the manufacture of porce- 
lain, and when free felspar is not introduced 


it forms the only vitrifiablo constituent of the 
paste (/hma-stone is sometimes knovn ns 
‘ Cormsh stone ’ in consequence of its being 
largely quarried in (Cornwall, where it was dis- 
covered by W Cook worthy, of Plymouth, about 
1750. Ho first noticed it at Tregonnmg Hill, 
near Breago, and described it under the local 
name of ‘ growan ’ or ‘ moor- stone ’ It is now 
obtained principally from the neighbourhood 
of St. Stephens, near St Austell In this area 
it occurs as a local modification of the granite, 
and IS sharply marked off from the normal 
granite and from the china-clay rock. It is 
too hard to bo worked like the china-clay rock, 
and has to bo blasted and quarried like ordinary 
granite, m fact it has been used locally as a 
building stone The rock requires no pre- 
paration, but 18 sent direct from the quarry 
to th^ potteries ( For an account of the occur- 
rence ot china-stone in (Cornwall, see Mem Geol. 
Survey, Bodmin and St Austell District, 1900 ; 
and the Handbook by J A Howe, quoted below ) 

The following commercial varieties are 
recognised — 

1 ‘ Haul pin pie,’ a hard, white rock with a 
faint purplish tinge duo to the presence of 
fluor-spar 

2. ^ Soft ’ or ‘ Mild purple,’ similar to the 
last, but softer 

3 ‘ Dry white stone,’ a soft, white variety. 

4 ‘ Bull stone,’ similar to the last, but iron 
stained 

The following analyses by W Pollard and 
E G Radley are given by tl A. Howe, A Hand- 
book to the (jollcction of Kaolin, Fhina-clay 
and China-stone in the Museum of Practical 
Geology, London, 1914 T ‘Hard purple’ 
china-stone from Goonvean, near St Stexfliens , 
n ‘ Buff ’ china-stone from the same locality ; 
III China-stone from Jersey (‘ Jersey stone ’) 
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Jersey stone is a decomposed partly kaolims* 


granite quarried in Jersey Granite-pegmatite 
in France , granite-aplite at Meldon, near Oke- 
hampton, Devonshire , porphyrite in Saxony ; 
Iiparite in Japan ; and felsite in China are all 
rocks that are applied for the same purpose 
It has been proposed by J. H. Collins (Hens- 
barrow Granite District, Truro, 1878) to dis- 
tinguish china-stone under the name peU/nzite, 
a word suggested by the Chinese pe4tin-ise. In 
the early part of the 18th century a Jesuit 
missionary •named D’EntrecolIes, residing at 
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King-to-chin, sent to R6aumur, m Pans, samples 
of the raw materials used m China, These were 
the first specimens of their kind that had ever 
reached Europe, and they led to the foundation 
of the manufactuie of porcelain at Sevres. The 
china-stone was desciibed by D’EntrecoIles as 
po-tun-tse, and the china-clay as kaolm ; but it 
appears that the former name, if not both, must 
have been erroneously applied. According to 
the Chmose scholar, Stanislas Julien (Hist ot 
Fabric, de la Porcel. Cbm Pans, 1856, preface 
XX.), pe-tim signifies ‘ white paste,’ wiulo tse is 
merely a diminutive applied to the material 
when worked up into small cakes Hence, pe- 
tun-so IS really the name of small blocks of 
white clay or prepared paste, and not of the gra- 
mtie rock. Nevertheless, custom in this country 
has justified the use of the teim pe-tun-tse as 
synonymous with china-stone. L. J S. 

CHINEONAL. Trade name for a Com- 
pound of quinine and veronal Used as a 
hypnotic 

CHINESE BLUE. (Porzellanblau, Ccr ) 
Several compounds are sold under tins name, of 
which the following aio examples . ulti amarine 
and flake white ; cobalt blue and white lead ; 
and a double cyanide of non (Prussian blue) 
{o. Pigments). 

CHINESE GREEN or LOKAO V Lokao 
CHINESE LAKE or SCARLET LAKE i; 

Pigments. 

CHINESE VEGETABLE TALLOW is the 

hard fat which coats the seeds of the C'limcse 
tallow tree, Stillimjia 6ebifaa (Willd.), JStilluujia 
binemiSj Croton sehifcrum, /Saptum scbifetum, 
(Hoxb ), Excoecarta seljifmi (F Mull), Garumbium 
scbifcru7n)f a tree gi owing wild in Chma, and 
laigely cultivated theic, as also in Indo-Cliina and 
tlio North of India, wheie the tieo tJinvcs luxu- 
riantly In China the stilimgia tree is exploited 
for both its leaves and seeds In Tonkin the 
tico IS only eultivated fur the sake of its leaves, 
a decoction of which furnishes a colouiing 
matter used for dyeing silk in China the fat is 
only a by-jiroduct. The tree commences to 
jiroduce at the age of 4-5 years, and when it 
has leached its full dcvclojunent it yields about 
24-30 kilos of seeds a year The fiuit yields 
about 30 p c of a mixtuie of vegetable tallow 
and of stillmgia oil , half ot this quantity consists 
of vegetable tallow alone, and the other half of 
stillmgia oil, Ihe yield of the latter fiom the 
kernels being about 62 p c The fruit con.sists 
of throe oval seeds surrounded by a thick tallow- 
like mass, the true vegetable tallow This is 
recoveied by placing the seeds in porfoiated 
cylmdeis and stearamg them, so that the fat 
melts and luiis off Another method is to pass 
the seeds between fluted rolleis, which scrape 
off the outer fat coating without bieakmg the 
seed proper The scraped- off mass is pressed 
in the hot primitive wedge presses, and sold 
under the Chinese name of ‘ pi-ieou ’ or ‘ pi-yu ’ ; 
it IS known in Europe as ‘ prima ’ vegetable 
tallow The seeds which have been bared from 
their fat coatmg, are then crushed separately 
and yield the stiBingia oil, a dry mg oil known m 
Chma as ‘ ts6-tieou ’ or ‘ tmg-yu.^ In another 
process, the seeds, together with their coatmg of 
lat, are crushed, and thus a mixture of vegetable 
tallow and stillingia oil is obtained. • The product 
VoL. II.— r. 


thus prepared is naturally much softer than the 
true vegetable tallow, and has theieforo a lower 
meltmg-point and a much higher iodine value 
Tins second quality is sold m Europe as ‘ secunda’ 
vegetable tallow, and represents a mixture of 
* pi-yu ’ and ‘ tin^-yu.’ It is sold in China undci 
the name ‘ mou-ieou ’ 

The saponification value of commorcial 
samples of vegetable fat varies, therefore, accoid- 
mg to the mode of prepaiation, fiom 179 to 207 
8 imilaily, the iodine value varies considerably, 
and numbers ranging from 19 to 32 have 
been lecoided. The composition of vegetable 
tallow has not yet been delimtely ascei tamed 
yteaiic acid is absent (Helmer and Mitchell), and 
it IS piobable that the fat consists in the mam of 
palnntiii and olcm. 

The oil has an iodine value of about 155, and 
yields 20 p c of an insoluble bromide (m p 147°), 
wheieas the fat does not form an insoluble com- 
pound With bromine 

Vegetable tallow plays, in China, an impoi- 
taiit iblc as an article of commeic e , it is largely 
used in the manufacture of candles During 
recent years consideiable quantities have been 
exported The bulk of the vegetable tallow is 
used 111 the candle and soap mdustiies Accord- 
ing to Diedrichs (Zeitsch Nahr Cenussm 1914, 
27, 132) the fat, if properly purified, can bo used 
for food, but soon acquires a bitter taste and 
unpleasant odour It is frequently adulterated 
by the Chinese J L. 

CHINESE WAX or INSECT WAX v Waxes 
CHINESE YELLOW yellow) v Fig- 

ments 

CHINOCOL. Trade name foi a comj)Ound 
of hydroxyquinolmc and j)otassium sul})hate , 
used as an antisex)tic and disinfectant v 
Chinosoo 

CHINOFORM, Trade name for quinine 
formate 

CRINOLINE V Quinoline 

CHINOSOL. Tiadename for the potassium 
salt of 8-hydroxyquiiioime-5-sulphoiiic acid 
C 9 HgN 0 y 03 K,Il 20 , a pale-yellow ciystallme 
powder with a saffron-like smell and a buinmg 
taste; m ]) 175°-177 5° , leadily soluble m 

water, spaiingly soluble m alcohol, insoluble m 
ether , with feme chloride gives an intense gieen 
coloui, yellowish needles with coppei salts, and 
a white piecipitato with baiium chloiide Used 
as an antiseptic At a concentiation of 1 in 
1000 its solutions possess as gieat a baetciicidal 
action as mei curie cliloiide solutions of the same 
strength 

CHINOTROPIN. Tiade name for urotio- 
211110 qumate. 

CHINOVOSE V CAfenoHYiiitATEs. 

CHIOLITE. A double fluoiide of aluminium 
and sodium 3 AIF 3 5NaK, closely akin to ciyohte 
AIF 3 3NaF, but crystallising 111 the teti agonal 
system Found at the Ilmen Mountains m the 
Southern Urals and with ciystals m Greenland. 

L J. S. 

CHIRETTA. ChiratUi BP Is the plant 
Swertia chiraia (Buch. Ham.) collected when m 
flower and dried Japanese chiretta is SwerUa 
chtnensia (Fronchet). Hohn (Arc hi v. d. Pharm. 
1869, 215) found two bitter constituents in Indian 
chiretta, viz. chiratm and ophelic acid. 

CHITENINE* An oxidation product of 

N 



178 


CHITENINE. 


quinine, found m the urine after the adminis- 
tration of quinine. Crystallines from dilute 
alcohol in prisms, m.p. 281°— 282° — 122 6°. 

CHITIN, GHITOSE v . Carbohydrates. 

CHLOANTHITE, Native nickel arsemde, 
NiAs^, isoinorphous with smaltite (CoA^g) 
there being no sharp line of demarcation between 
the two species. Found as cubic crystals and 
compact masses at 8clmoebcrg in Saxony and 
Kiechelsdoif m Hesse, wheio it was formerly 
mined as an oio ot nickel. L J. S. 

CHLORACETIC ACIDS v . Halouen acetic 

AC IDS. 

CHLORAL TrichhrautahU/tf/de CC^lg CHO 

(Chloral was Inst prepaicd by Liebig, who 
obtained it by the contuiuous chloiination of 
absolute alcohol (Annalen, 1, 189) It was 
fuithei examined by Dumas (Ann Cliim Fhys 
|^2J 50, 125), who determined its composition, 
and by Stadeler (Annalen, (>1, 101 ) Although a 
chlorinated aldehyde, it cannot bo prepaied by 
treating acetaldehyde with chlorine, unless water 
IS present together with calcium caibonate to 
neutralise the hydrogen chloride foimed, since 
butyric chloial results when dry materials aio 
employed (Pinner, Ber. 4, 250) 

Industrial preparation. The pioeess by 
which chloial is manufactuied is divided into 
till 00 stages the piepaiation ot chloial aleo- 
holato , coriveisiou of this into chloial , and the 
formation of chloial hydiate 

111 a laigo glass balloon (iO kilos of .dcohol, 
as conqiletely dehydrated as possible, are 
subjected to the action of a cuiient of chlorine, 
the escaping hydiochloiic acid being absoibccl 
by water. The intioduction of the chloiino 
lasts a considerable time, in some woiks 10 to 

14 days At liist the balloon must bo cooled, 
foi, if the tompciatuie is not piopeily regulated, 
the yield is much i educed After a tune the 
leaction becomes less violent, the nuxtuio 

15 then waimcd to 00°, and finally to 100° 
When the liquid is completely soluble in watei, 
the ( 111 lent of chloimo is stopped, and on 
cooling, a white mass of the alcoholate is ob- 
tained. In this opeiation Spnngmuhl lecom- 
mends the use of iodine as a chlorine earner. 
Page, the addition of crystallised feme chloiide 
(Annalen, 1884, 225, 209) , and m either case 
the ethyl halide is easily recoveied. 

In the oidinaiy piocess the chlorinated 
licpud IS not allowed to eool, and is tians- 
feiied to an enamelled still holding 150-200 
kilos , wheie an equal volume of strong sulphuiic 
acid IS added in small quantities The tempeia- 
ture IS laised to boiling, the condensed vapouis 
being returned to the still During the ebulli- 
tion theie IS an evolution of hydrochloiic acid 
gas, the cessation of which indicates the termma- 
tion of the decomposition of the alcoholate 
Fractional distdlation follows, this ceasing when 
the thermometer has reached 100°. The distil- 
late 18 agam rectified, the portion coming over 
above 94° being pure chloral. In some works 
the final purification is earned out by distilling 
over chalk or sodium bicarbonate. Ethylene 
dichlonde, othyhdene chloride, and chlormated 
ethylene dichloride (bp 1 15°) are also formed as 
by-products in this reaction (Kramer, Bor 3, 
257). 

The chloral is shaken with the theoretical 


quantity of water and the product of the 
reaction at once poured over a smooth surface, 
when it sohdilies ; in this state it is sent 
into commerce To obtain crystals the warm 
mass (heat is disengaged in this reaction) is 
mixed with one-third of its volume of chlorofoim, 
and the mixture allowed to cool m closed vessels ; 
crystallisation is complete in a week The 
mother liquers serve for a second crystallisation, 
and the crystals are diied at the ordinary 
temperature Fluckigcr (Zeitsch. Ohem. 
[2J 6, 432) recommends crystallisation from 
warm carbon disulphide or turpentine, and 
Martius fiom benzene Other methods, which 
have been described, diflcr from the picceding 
111 that the chlorinated mixtuio, after solidifica- 
tion and prcssuie, is sublimed oi distilled with 
calcium chloride (Detsenyi, Diiigl i)oly J. 209, 
224 ; Tjillat, J Phaim Chim 5, 218). 

d'ho following method has been devised for 
the continuous production of chloial Chloral 
and its hydrate are tho most volatile jjroducts 
of the action of chloimo on alcohol, and may 
theieforo be lemovcd by continuous distillation. 
A special appaiatus is described; chloiine and 
chloi mated alcohol aie introduced into a vessel 
boated in a water-bath, from which the vapours 
pass into a second and then into a third heated 
vessel 9'he i(‘sidual chloune is absoibod in a 
cylmder iirovidcd with bafllo plates The 
rectilicr, which also acts continuously, is piovidcd 
with bafllo plates , it is fed at the middle with 
chloial, and at tho top with sulphuiic acid 
(GG° B ) Tho final roctification is earned out 
as already desciibcd Jdio same apparatus may 
bo used for couveiting chloral into chluioform 
(Besson, Eng Pat. 17202, U 8. Pat 774161; 
J. Soc Ohem Ind 1901, 1139) 

Chloial is formed when ethyl alcohol is 
allowed to drop into tho anode compaitmeut 
I of a cell m whicJi an alkalme chloride is being 
electrolysed 

Theoiies to explain the action of chloimo on 
alcohol and the subsequent pioduction of chloial 
have been proposed by Lichen (Ber 3, 910) , 
Will tz and Vogt (Comp t lond 74,777), Jacob- 
sen ( Bci 15, (>0I ) , and iirochot (Bull. Soc chim 
17, 1 3] 228) 

(’hloial IS a colouiless pungent liquid, which 
solidities at — 75°(Beithelot, Ann Chim PhyH[5j, 
12, 53()), at --57 5° (Van Rossem Zeitsch. physi- 
kal CUiem 1 908, G2, G8 1 ), and is icadily soluble in 
water, alcohol, and ether Its b p is 97 7° (coir ) 
and sp gr 1 54175 at 0° (Passavant, Chem. Soc. 
Trans 39, 55 , Thoipe, ifnd 37, 191), b p 9G°-97° 
at 750 mm , and sp gr 1 5121 at 20°/4° (Bruhl, 
Annalen, 203, 11), bp 97° at 740 mm (Van 
Rossem, I r. ) Three hydrates exist ( 1 ) a semi- 
hydrato 2 (CHC 330 ,H 20 , true m p is about 49°, 

1 the highest obsei ved 80° ; (2) the oidmary mono- 
j hydrate existing m two pseudo-symmetrical 
I modifications ; true m p 47 4°, highest obsei ved 
54° , (3) a heptahydrato, m p. — 14° (Pope, 
Ohem Soc Proc 1896, 142 ; and Van Rossem, 
l,c ). According to Wolf (J. Phys. Chem. 4, 21) ; 
theie 18 only one modification, the difference in 
meltmg-pomts being due to dissociation Nas- 
cent hydrogen reduces it to aldehyde (Por- 
sonne, Annalen, 167, 113), which it closely 
resembles m reduemg ammoniacal silver mtrate 
i solution (Stadeler, Annalen, 106, 263), and in 
forming crystalline compounds with sodium 
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disulphite {ibid) ; with ammonia {v, chloral 
ammonium) ; with hydiogcn cyanide (Bischofl 
and Pmnor, Her 5, 113; Annalcn, 179, 77), 
with amides (Wallach, Her 5, 251 ; Sulzbeig, 
D R P. 198715 ; J. Soc (7iem Ind 1908, 958) , 
and with amines (Wallach, I c , Rugheimer, 
Her 1900, 1053 ; Wheeler, Amer Chom. J 
1902, 1003, 1908, 130, 1909,937). 

When heated with aqueous alkalis it decom- 
poses into chloiofoim and an alkalmo formate, 
and a similar leaction oceuis when alcoholic 
potash or soda is employed (Kekule, Annalen, 
119, 188) (ildoime, bromine, or iodine and 
aluminium chloiido convert ehloial into he\a- 
chlorethane (Mouneyiat, Bull 8oc ehim 17, [3 j 
790) Pummg nitiic acul converts it into tiiclilor- 
acotic acid, and, accoidmg to Urabowski (Bci 
0, 225), fuming sulphuiic acid combines with it 
in the cold, but on heating conveits it into 
chloralide (conipaie (Jiabowski, Bei. 

8, 1433, Stadelcr, Annalen, 01, 114, Wallach, 
ibid 193, 1) (3iloial condenses with suctmic 
acid by means of acetic anhydiido to foim 
tiichloiomethylparacomc acid (Pittig and Miller, 
ibid. 255, 43) 

Verivativefi Chloral ammonium Cdl^ClaNO 
is piepaied by the action of ammonia on a 
solution of chloial in chloiofoim (iSchilt, Ber. 
10, 107) It IS a white ( lystallme solid, resem- 
bling cliloial hydiate in taste and colour; it 
melts at 04°, and is slightly soluble in watei, inoio 
leadily soluble in alcohol (Peisonne, Annalen, 
157, 113, Compt lend 71, 228) Nesbit 

lecommends the use of chloial ammonium 
instead of ui ethane and cliloral hydiate, since 
tile action of chloial hydiate on the respiiation 
ciMities and tlie hcait is rctaided by the intioduc- 
tion into th<it compound ot an ammo- gioup 
(J !Soc. Ohem Ind 188!), 413, 1890,889) By 
hc.vting chloi.il aiumonium on the water-bath, 
chloiofoim and ammonia distil oil, and the 
lesidue consists of foimanude and tliloKilnntdi 
the Litter of which is cxtiacted with 
alcohol /.sochlor.ahmido is also funned, and 
accoiding to 8chill ((tazz chmi ital 21, 490), 
dimolccular .ind tnmolocul.ii -imidcs exist 
(liloralimide c*.an also be piepaicd by he.iting 
cliloial and chloial .iinmonium until cliloiofoim 
is no longer evolved, and by the icaction between 
ihloial li^diate and ammonium acetate (ISchilT, 
Lr , Piniici and Puchs, Bci 10, 10 (j 8 , Aieiids, 
Chom Incl 1(), 78 , Behai and Clioaz, Compt 
lend. 109, 817, 110, 1270). It has lemaikable 
.iiitipyretic .iiid .inalgesic pnjpcu ties Other 
chlor.ilimido compouiKls have been desciibed 
by Moschollcis (Bei 24, 1803) 

Chloralamide or chloral formamide CjH4( 'IgNO^ 
IS pioduced by gently heating chloral and foi m.t- 
mide in moh'cul.ir piopoiticms (J F vonMoiing, 
Fng Pat 7391 ; 1> H P 50580; J Soc Chora 
Incl 1890, 413). When iccrystalliscd, it forms 
colourless crystals nndting at 115°-110'^, it is 
soluble m 9 parts of water, or m IJ parts of 
90 p c alcohol It is without smell, and has 
a slightly bittei taste , when heated above 00°, 
it 18 decomposed ; aqueous or alcoholic solutions 
are unailected by weak acids or by silver nitrate, 
but aie rapidly decomposed by alkali hydroxides, 
more slowly by alkali carbonates. As a hypnotic 
it has been proved supenor to chloral hydrate, 
and is of most value in cases of nervous insomnia 
and similar disorders (Hagner ^nd Hubner), 


I Weiiiei Mod. Prosse, 1899, 1301) It has no 
corroding action, does not alTect the iligestion, 
nor distuib the heart. It may bo t.ikeii mter- 
iially as a powder, pieparod by tiitmatmg 
1-3 giaius of the amide with 1 gram of fennel- 
oil sugar {Kll(xoi>acchanim Fwmcuh) (Merck’s 
I Bull. 1889, 85) 

I Chloralose ('sHi^CljOe is obtained by heating 
' equal paits of chloral and glucose, both anhy- 
I drous, on the water- bath. The vitreous mass 
, is boiled with water to remove the chloral, and 
I the concentrated aqueous solution deposits a 
^ ciystaliino compound, fiom which chloialoso is 
1 extracted by alcohol. (3n tieating the icsiduo 
with ether, a tompound isomeiic with ehloialose, 

! teimcd paiai hlomlobe^ is obtained. (!hloraloso 
I melts at 187°, and is a powerful hypnotic , whilst 
' paiac hloialobo melts at 227°, and possesses no 
' hypnotic pioi>ertio8. By oxulihing these com- 
I pounds with nitric acid, followed by potassium 
peimangaiiate, the coiiesponding chloralic acids 
I aio obtained , m p 212° and 202° respectively 
! (llaniiot and Ricliot, Bull Soc cliim [3J 11, 
!37, 12, 303, Compt lond. 110, 03, 122, 

) 1127, 148, 1205; Meunier, ibid. 122, 142, 

i Petit and Polonovski, Bull. Soc. chim. 3, [3J 
‘ 801) 

Chloral-acetonechloroform CgHaO/^lg is 
piepaicd by heating molecular quantitii's of 
chloial ami acctoneehlorofoim It melts at 
05°, and has a faint odour and taste lesombling 
camplior (Hoffmann-Laiocho, U S Pat 778277 ; 
J Soc Chom. Ind 1905, 150). 

Chloral-bromal-carbamide is obtained by 
mixing uiea with molecular quantities of chloial 
and biomal, or equivalent quantities of then 
liydiatcs in the piescneo of eoncentiatod hydio- 
ehloiic or sulphuiic acid (Kallo & Co. D. R. P 
128402, Chem Zentr 1902, i 547). C'hloial 
bydiato insatuiated aqueous solution combines 
with uioti opine and calleino, forming in each 
c.isc two eompounds aci oidiiig to the jiiopoitions 
of the leagonts employed 

iIfo/ioc/do/(diireOopi«c,CBHi2N4,C2llOCl},HaU, 
ci^stallibing m ihombohedia, and dichloral- 
iuoliopin(\ CgIlj2N4,((>2li0Cl3,H20) ,, crystal- 
lising ill needles, lesemblo one another in their 
pioperlics They aie eolouiless and odourless, 
and veiy soluble iii alcohol and water They 
volatilise at about 100° without melting. They 
.lie both neutral substances, which ledmc* copper 
solutions and ammomacal silver nitrate With 
mineral acids they yield foimaldehyde, .md with 
alkalis tlie chloral is attacked, giving chloioform 
m the cold and caibylamme on heating. 

Dickhi aka Jj tin c, 

CsHio02N4,H20,(C2H(ICI„ll2)2, 

111 p 72°-73°, slowly loses 1 mol. of c hloral 
and passes into monochloml tuff tine, CrtlIioO,N4, 
Il20,Cai0Clj,H20, m.p. 92° 93°. The latter 
compound dissolves in water, and in solution 
slowly dissociates, the caiTemc separating out. 
In hot alcoholic solution it is completely dis- 
sociated When heated at 100° all the chloral 
IS driven off, leaving pure caffeine (Leulier, J, 
Pharm Chim 1912 [vu ] 6, 18) 

The following condensation products of 
chloral have been prepared : chloralacetone, 
chloralacetophenone, and chloraldol (Gigli, Gazz. 
chim. ital. 28, [2] 83 ; Komgs, Ber. 1892, 792 ; 
1893, 554 ; Wislicenus, Kircheisen, and Sattler, 
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ibid, 1803, 908) , caibonylcliloi aldehydes (Farb. 
vorm. F. Bayer & Co. D R P. 121223, Chcm. 
Zontr. 1901, ii. 09) ; cldoral nitrite (Bertoni, 
Gazz. chim itai. 24, ii. 20) ; the compounds with 
aminoazo benzene (Betti, ibid. 28, 241) ; with 
amidooxy benzoic esters (Kalle & Co. D. R. V. 
112216; Chom Zentr 1900, ii. 791); with 
aromatic hydiocarbons (Biltz, Ber 1803, 1952; 
Dmosmaim, Oompt rend. 1905 141,201); with 
hoxamothylenetetrarnino (Lederer, Eng. Rat. 
17093 , J. Soc Chein lad. 1897, 1039) , with 
hydrovoratme (Fraiikforter, Amer Chein. J. 20, 
358) ; with niethylpropanoldialkainino- acids 
{ Poulenc Freres & Fourneau, Fr. Pat. 382787 , 
1) R 203043 , J Soc (^hern. Ind 1908, 240) , 
with menthol and teipinol (Wagintz, Eng. Pat 
19103 ; J Soc Chom Ind 1899, 850 , Schmitt, 
Compt. rend Soc Biol. 1890, 078) ; and with 
resorcinol (Causse, Bull. Soc chim 3, [3] 861 , 
Hewitt and Pope, Chem Soc. Tians. 1890, 
1205) 

Polymerides. Two poly mei ides of chloral 
are known, an insoluble and a soluble substance. 
When pure, cldoral is perfectly stable, but tiaces 
of impurities, and particulaily of sulphuric acid 
(Byasson, Compt rend 91, 1071) con voit it into 
maUtchloral, a white amoiphous solid It may bo 
prepared by leaving chloral hychate in contact 
with half its weight of concentrated sulphuiic 
acid for several hours, until a jiasty mass is 
formed After pouimg oil the acid, the residue 
IS introduced into a well-cooled solution of 
hydrochloric acid, and tho product, which now 
becomes solid, is washed and diiod over sul- 
phuric acid. Chloral alcoholato may be sub- 
stituted foi chloral hydrate in this preparation 
(Gartnei, 1) R P 170534 , Chem Boc Abstr. 
1900, 1 . 028) Another method is to add 7 
parts of anhydrous aluminium chloride to 100 
parts of well-cooled anhydrous chloral, tho 
tempeiaturo being kept b(*low 40'^ In tho 
course of an hour tho wliole mass solidilies 
After 24 hours the haid mass is bioken up, 
extracted with dilute hydiochloric acid, wa.shed 
with alcohol, and dried at a model ate tempeiature 
(Erdmann, D R P 139392 , Chem Zeit 27, 
[20 j 223) It IS insoluble in alcohol, ether, water, 
and acids, but soluble in sodium carbonate 
solution On warming witii alijohol, it yields 
chlorofoim, and on distillation at 180'^“250“ is 
lecon verted into chloral (Kolbe, Annalen, 54, 
183 [footnote]) It is tasteless, and can bo 
employed as an anc'vsthetic , unlike chloral 
hydrate, i^ has no irritating ehect on the mucous 
ineinbi ane of tho stomach. 

Tho soluble polymeride is obtained by 
treating chloral with pyridine or any other 
amine in tho cold, and then acidifying It is a 
slightly volatile aniesthotic substance, volatilis- 
ing without melting, converted by hot water or 
hot alcohol into chloral hydiato and chloral 
alcoholate respectively, and decomposed by 
alkalis mto chloroform and formic acid It is 
soluble in water (Gartner, D R. P. 165984 ; 
U S Pat 768744 , Chem Soc Abstr 1906, j. 
481) 

Chloral hydrate CCla CHO-f-HaO or CCL* 
CH(OH),. 

Properties . — Chloral hydrate crystaJhses in 
monoclinic tables (Groth, Ber. 6, 676), and has 
a peculiar odour and sharp taste Its m.p. 
IS 57° (Meyer and Hulk, Annalen, 171, 75), 


47*4° (Van Rossem, Zeitsch. physikal. Chem. 
1908,62,681); bp 97 5°; and sp gr. 1'818 (m 
powder) and 1 848 (crystallised) (Schroder, 
Ber. 12, 562). It dissolves readily m water, 
1 part of water dissolvmg 4 7 parts of chloral 
hydrate at 17 5° (Mauch, Arch Pliarm 240, 113), 
alcohol, ether, chloroform, turpentme, and light 
petroleum , and its solubility m carbon disulphide 
IS given by Fluckiger {l.c.) as 1 in 45 at 15-18°, 
and 1 m 4 5 at the boilmg -point Concentrated 
I sulphuric acid decomposes it into chloial and 
water, and alkalis act upon it as upon chloral 
A modihcation of tho hydiate, meltmg at 80°, 
IS obtained by rapidly ovaporatmg an acetic acid 
solution of anhydrous chloral over sulphuric 
acid (Meyer and Hulk, Ic) , this is probably the 
semihy (Irate described by Van Rossem {l.c ) 
Under tho influence of light and air, chloral 
hydrate is decomposed, the decomposition pro- 
ducts being hydrochloiic acid and carbon choxide 
or monoxide, or water, chlorine, and carbon 
dioxide, the amount of available oxygen deter- 
mining tho products (School and Van den Berg. 
Ph Weekblad. 43, 42). 

Chloral hydrate should be free from alcoholate, 
which has not tho same physiological proper- 
ties , and when warmed with twice its volume of 
water it should give a clear solution, free from 
oily drops and not precipitated by silver mtiate 
When caicfully heated, it should volatilise com- 
pletely, and the vapours should not be inflam- 
mable , when gently warmed with 3 vols of 
strong sulphuric acid the mixture should remain 
clear On warmmg chloral hydrate with potas- 
sium hydroxide, turbidity is caused through tho 
sepal ation of chloroform , the clear poition is 
decanted, and lochne dissolved in potassium iodide 
added So soon as the licj^uid begms to turn 
yellow, it IS cooled, when the presence of alcohol 
and consequently of chloral alcoholate, is 
indicated by the foimation of a piocipitatc of 
iodoform (Trillat, J. Pharm. Cliim 6, 218). 
Chloral alcoholate may also be detected by the 
Zeisel method foi the estimation of ethoxyl 
(►Schmidingc, Monatsh 21, 3t)) Chloral hydiate 
is converted into alcoholate when dissolved in 
alcohol, and similaily, chloial alcoholate is very 
slightly soluble in water, thssolvmg slowly to foim 
chloial hydiate Potassium carbonate is a good 
antidote to chloral poisoning, if it has not i cached 
the blood (Klar, J Soc Chem. Ind. 1896, 555) 

Physiological Action — Compare Licbieich 
(Ber 2, 269) ; Personne (Compt rend 78, 129) , 
Byasson {ibid 78, 649) , Tomaszewicz (ab- 
stracted, Chem Soc Tians 1874, 814) , Tanret 
(J Pharm Chim [4] 20, 355) , and Trillat 
(/ c). Mermg, Zeitsch. physiol Chem 6, 1882, 
480. Accoiding to tho last-named authority is 
reduced to trichlorethyl alcohol (CCI3 Cllg'OH) 
in the body and not into chlorofoim, as suggesteil 
by Liebreich, who first proposed its use as an 
hypnotic. 

Estimation . — 4 grams of the sample are 
treated with 30 c.c. of normal caustic soda m a 
stoppered bottle, and shaken vigorously for a 
few mmutes without the application of heat. 
On titrating back with normal sulphuric acid, 
usmg htmus as an mdicator, 5*8 c.c. should be 
required for complete neutralisation (Alcock and 
Thomas, Pharm. J. 63, 236 ; and Sargeant, ibid.). 
Owing to the secondary reaction CHClg+SNaOH 
«3NaCl4-C04-2Ha0» this titration with acid is 
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sJightly inaccurate. Modifications of the method 
have been devised by Tnllat {l.c.) ; Hinnchs 
(Pharm. J. 70, 530) ; Desgrez (Compt. rend. 125, 
780 ; Analyst, 23, 76) ; Self (Pharm. J 79, 4) ; 
and Garmer (Chem. Zentr 1908, i. 1492). 
Another method is to heat 0 3 gram of the 
sample with 1 gram of alumyiium powder, or 
2 5 grams of zinc filmgs, 15 c c of glacial acetic 
acid, and 40 c c of water under a reflux con- 
denser for half an hour. The mixture is filtered 
and washed, and the chlonne estimated volume- 
tricallv or gravimetncally as silver chloride 
(Self, lx.). Wallis (Pharm J 76, 162) treats the 
chloral hydrate with caustic soda in a bottle, and 
then estimates the chlorine as silver chloride 
It mav also be determined lodomotrically (Rupp, 
Arch.^harm. 241, [5] 326) 

Chloral hydrate may be detected by means of 
the green colour formed on the addition of 
antimony trichloride to a solution m castor oil 
(Covelli, Chem Zeit 31,342); or by the colours 
formed when it reacts with resorcinol in the 
presence of sulphuric acid (Jaworowski, Zcitsch 
anal Chem 37, 60) Another method is to add 
a solution of ammonium sulphide, when a 
pinkish or yellow precipitate is obtained, and 
an oil having the odour of walnuts (Lesinsky and 
Grundlich, Amor Chem. J. 19, 603). It may 
also bo detected by the reducing action of the 
formic acid into which it may be converted 
In presence of compounds containing the CCI3 
group, c q chloroform and trichloracetic acid, 
the substance dissolved in water and slightly 
acidulated with sulphuric acid is treated with 
zinc in the cold When the evolution of hydro- 
gen has ceased, a strip of filter paper, soaked in 
a solution of sodium nitroprusside and 5 p c 
piperidine solution is hung over the liquid, 
which is gently warmed, when the acetaldehyde 
formed colours the paper blue 1 part of 
chloral hydrate in 20,000 may thus bo detected 
(Jona, Oiom Parm Chem 1912, 61, .57) 
Chloral hydrate is valuable for extracting alka- 
loids from plants containing much resin, essential 
oils, kc (Schaer, Zoitsch anal Chem. 37, 469) , 
it IS used in rubber analysis (Weber, J 8oe 
Chem Ind. 1903, 576) , in microchemical in- 
vestigations (Schaer, ('hem Soc Abst 1908, 1 
62) ; and in qualitative analysis (Mauch, Arch 
Pharm 240, 166) 

Derivatives — Chloral antipyrine is obtained 
by the condensation of chloral hydrate with 
antipyrine (Rethal and ('hoaz, Ann Chim Phys. 
27, 319). 

Chloral caftelne is formed when chloral 
hydrate and caffeine are brought together in 
aqueous or alcoholic solutions in molecular pro- 
portions It IS recrystallised from warm water 
at 30°, and owing to its easy solubility as opposed 
to the difficult solubility 01 caffeine, is of medici- 
nal value (Chem Fab auf Act vorm E Sobering, 
D R P. 75847 ; J. Soc (^,hom. Ind. 1895, 987) 

Chloral tannin is prepared by the condensa- 
tion of chloral hydrate with tannm in the presence 
of sulphuric acid. It is a greyish-brown amor- 
phous powder, having valuable dermatological 
properties (Farb vorm Fried. Bayer & Co. 
D. R P. 98273 ; Eng Pat. 2882 ; J. Soc Chem 
Ind. 1899, 172). 

Chloraldoxime is prepared by treating chloral 
hydrate (1 mol.) with hydroxylamine hydro- 
chloride (4 mols ) and a little water ; m p 


39°-40° (Meyer, Annalen, 264, 116; Tarugi, 
Gazz. chim. ital. 21, 11. 6) 

Chloralhydroxylamine is obtained by triturat- 
ing molecular quantities of chloral hydrate, 
sodium carbonate, and hydroxy lamme hydro- 
chloride, dissolving the mass in a little water, 
and extracting witn other , m p 98° (Hantzsch, 
Ber 1892,701). 

Compounds with formaldehyde are desciibed 
by Pinner (Ber 1898, 1926) 

Chloral alcoholates. The preparation of 
chloral ethylakoholate has already been described 
It may also be obtained by the action of chloral 
on absolute alcohol (Martius and Mendelssohn, 
Ber 3, 444) It crystallises in needles, melts at 
44°-46° (Meyer and Dulk, Annalen, 171, 78), 
at 46° (Lieben, Ber 3, 907) , boils at 115° ; is 
spanngly soluble in water, more soluble m 
absolute alcohol, 1 part of alcohol dissolving 
4 4 parts of chloral alcoliolafe at 17 5° (Mauch, 
Arch Pharm 240, 113) SiilphiiTic a( id decom- 
poses it into chloral and alcohol ( Uiloral propyl 
alcoholate, b p 120°- 122", and chloral ?.soj)ropyl- 
alcoholate, m p 47°, and b p lOS"", have been 
described by Gabutti ((iazz chim ital 31, 1. 
86), and Vitoiia (Chem Soc Abst 1905, 1. 
1 10), chloral amylalcoholato by Gadamer 
(Arch Pharm 243, 30), and Kalle & ('o 
(D R P 115251; Chem Zentr 1900, 11 1141) 
Other alcoholates have been prepared by 
Jacobsen (Annalen, 157, 224), and Kuntze 
(Arch Pharm 246, 91) 

Butyl chloral CH, CH(d CCL CJIO ; more 
correctly, tri-chlor-butync-aldehyde ; b p 164°- 
165° at 750 mm ; sp gr 1 3956 at 20°/4° (Hruhl, 
Annalen, 203, 20) It is a colourless oil, having 
a characteristic chloral odour, formed by the 
action of chlorine upon ordinary aldehyde or 
paraldehyde (Kramer and jhnner, Ber 3, 383) 

( 3iloracetaldohydo (Jl^ClC^HO is first formed, 
and this condenses with another molecule of 
acetaldehyde, forming a-chlorcrotonaldehyde 
CH3 Cll eXU ( J40 and water, and this, by the 
action of more chlorine, forms the butyl chloral. 

Preparafwv ■ — Chlorine is led through cooled 
paraldehyde (or aldehyde cooled by a freezing 
mixture) , water is then added, and the liquid 
neutralised with calcium carbonate The mix- 
ture is then distilled on the oil-bath in a current 
of steam, and the hydrate is thus obtained. 
This is then puiilied by recrystallisation from 
water, and decomposed by distillation in a stream 
of hydrochloric acid gas (Pinner, Annalen, 179, 

! 26) » 

I Butyl chloral is conveuted by fummg nitric 
I acid into aa)3-trichlorbutyric acid. Phosphorus 
pentachlonde converts it into a body C4H4CI4, 
which boils at 200°. It combines with zinc- 
ethyl to form a compound which is decomposed 
by water with formation of trichlorobuytl alco- 
hol 

The ammonia compound 

CH3 CHCl CCl, CH(OH)NH, 

m p 62°, IS formed by leading ammonia into a 
cooled mixture of 1 part of butylchloral, and 1 \ 
parts of chloroform (Schiff and Tassinari, Ber 
10, 1783). It forms a solid mass, insoluble in 
water, soluble in ether, alcohol, and chloroform. 
Is readily decomposed on heating. 

Butyl chloral has a strong affimty for water^ 
and readily forms 
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Butylohloral hydrate OH3 CHCI CCI2 CHO 
-f HgO. This compound, which is also known 
as butyl chloral, is prepared by passing chlor- 
ine into paracetaldehyde (Freundler, Compt. 
rend. 143, 682). It forms white crystalline 
trimetric plates of a peculiar odour, with 
difficulty soluble in cold, more readily in hot 
water ; very readily soluble in alcohol ; m p. 
78®, with partial dissociation, and sp gr 1 694 
(Schroder, Bor 12, 662) For some years after 
its discovery m 1870, it was regarded as croton- 
chloralhydrate It is decomposed by distilla- 
tion into the chloral and water Alcohol and 
potassium cyanide convert the hydrate into 
ethyl a-chlorcrotonate Zinc and hydrochloric 
acid, or zinc-dust and water, produce mono-chlor- 
crotonaldehyde, and finally orotonaldchydo 
(tSarnow, Annalon, 164, 108) With acetic acid 
and iron filings, butyraldehyde, normal butyl 
alcohol, and crotonyl alcohol arc produced (Lie- 
bonand Zeisel,Monaish 1,840). It is a valuable 
anodyne in cases of neuralgia, facial rheuma- 
tism, periostitis, &c The following composition 
IS recommended : butyl chloral hydrate, 2-5 
grams , alcohol, 10 grams ; glycerol, 20 grams , 
and distilled water, 120 grams (J Soc Ohom 
Ind 1889, 476 ; 1890, 889) It is frequently 
adulterated with the cheaper chloral hydrate, 
from which it may be distinguished by the 
following reaction : A solution of pyrogallol in 
pure 65 p c. sulphuric acid gives, when gently 
and carefully warmed, a blue colour with chloral, 
a ruby colour with butyl chloral and a more or 
less violet-to-blue colour with mixtures of the 
two compounds On addition of a laige 
quantity of water, the blue colour obtained with 
chloral changes to yellowish-brown, and the 
ruby colour obtained with butyl chloral to a 
more or less doep-violet colour (Oalbutti, J Hoc. 
Chem. Ind 1894, 273) 

Denoattves — Butylchloralantipynno, yellow 
crystals, mp 70®-71® ((-aldcrato, Ohom Zentr 
1902, 11 1387) ; butylchloraldoxiuie (Tarugi, 

Clazz chiin ital 21, 11 6) 

CHLORALAMIDE. Syn for cliloral form- 
amide 0(U, — OH NH OHO used as a hypnotic 

in 

and sedative 

CHLORALUM v DisinfectantvS 

CHLORAMINE BLUE, -GREEN, Azo- 

COLOUItlNO MATTERS 

CHLORAMINE-T (Sodium -p toluenesul- 
phochlorainido 0H30gH4SO2NNa01), first ob- 
tained by Ohattaway (Ohem Hoc Trans 1905, 
87, 153), has been shown by Dakin to bo a 
valuable antiseptic in military surgery for the 
treatment of infected wounds, and has been 
employed in cases of cerebrospinal meningitis , 
diphtheria, &o It may bo obtained fiom 
p-toluone sulphonic chloride, a by-product in 
the manufacture of saccharin (</ ?;.) , or, 
directly, from toluene by sulplionation and trans- 
formation of the sodium salt into the sulphonic 
chloride by the action of phospliorus penta- 
chlonde or a mixture of the pentachloride and 
phosphoryl chloride, and conversion of the 
sulphonic chloride into sulphonamide by treat- 
ment with ammonia or ammonium carbonate. 
To convert the amide to chloramine, one mole- 
cular proportion is dissolved in a warm strongly 
alkalme solution of sodium hypochlorite (1*3 to 


I 2 0 N strength), when on cooling the greater 
I part of the chloramine separates out, and the 
remainder can bo obtained by evaporation. 
It IS important to have an excess of caustic 
soda : for each mol of amide about 1 05 to 1 1 
mols. of hypochlorite and 1 mol. of sodium 
hydroxide Knpwn also as chlorazene and 
tolamtne 

Dichloramtne Ty toluene-p-sulphodichlora- 
amido CH3G3H4SO2NCI2, 13 also employed as an 
antiseptic. It is prepared by dissolving p- 
toluonesulphonamide m bleaching powder solu- 
tion or by acting on chloramine T by hypo- 
chlorous acid Insoluble in water but dissolves 
in chlorinated paraffin or chlorinated eucalyptol 
which IS then diluted with paraffin oil. 

The persistent odour which clings to the 
hands after immersion in hypochlorite solutions 
appears to bo due to protein chloramine com- 
binations ( Briggs) 

CHLORAMINE YELLOW v. Primuline and 

ITS DERIVATIVES 

CHLORANIL?; Quino^^es 

CHLORATE OF POTASH, SODA r ( ulorine. 

CHLORAZENE. Hyn for Ghlorammo T 

{qv) 

CHLORAZIDE. NjGl A gas obtained by 
mixing solutions of sodium azide N^Na, and 
sodium hypochloiite, and acidifying with acetic 
acid C3iloi azide is highly explosive, slightly 
soluble in water, and insoluble in caustic alkalis 
(Raschig, Bei. 1908, 4194). 

CHLORAZOL BROWN, -DEEP BROWN, 
-BLUE, -VIOLET v Azo- colourtno matters 

CHLORENE G4sH_,<j A gicen hydrocaibon 
obtained togethei with de(*acylen(‘ and liuoro- 
cycleno by heating acenaphthene with lead 
oxide at 350" and c\ti acting with benzene and 
light petroleum in the cold It cryvstalli''cs in 
small dark green scales Dilute solutions are 
pure deep green in coloiii but b(‘come biownish- 
red on exposure to sunlight (toncontiatcd 
solutions ajipear puiph'-ied by a bright trans- 
initkHl light (Dziewonski and Huknaiowski, 
Ber 1918,61,4.57) 

CHLORETONE c A( 1 mnSErilLOROFORM 

CHLORIDE OF LIME, POTASH, SODA 

Chlorine 

CHLORINE. Symbol (9 At wt 35 46. 
Historical Chloiino was lust obtained by 
Hcheelo in 1774 by the action of hydiochloric 
acid upon manganese dioxide, and was ioimed 
by him dopblogisticated inaiino acid air ’ 
In 1785 Bertliollet suggested its us(‘ for bleaching 
vegetable fibres, and this appheation continued 
until 1789, when this very objectionable gas, 
and its equally objectionable aqueous solution, 
were replaced by an unobjectionable solution 
prepaiod by dissolving the gas in an alkali ; 
the hypochloiitos so piepaied have been used 
for bleaching from then to this day 

The idea that it was a compound substance 
prevailed until 1809, when Uay-Lussac and 
Th6nard suggested that it was probably an 
elementary body, a supposition conhrmed by 
the investigations of Davy in 1810 (Phil. Trans. 
1811, I, 32) Davy gave it its present name, 
from groenish-yollow, m allusion to its 

characteristic colour. 

Occurrence Chlorine is never found free 
in nature , it always occurs combined with 
metallic elements Sodium chloride occurs to 
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tho extent of 3 p.c. in sea- water, and as rock j 
salt m large quantities in Galicia, Tyrol, Tran- 
sylvania, 8pain, and in England (particularly 
in Cheshire) {v Sodium Chlmxde, art. Sodium) 
Potassium chloride is found as sylvine {q.v ), 
and in association with magnesium rhlonde as 
carnalhte KCl MgCl^,6H20 {q.v.) m the salt- 
beds of Stassfurt, and m a few parts of North 
France, and in sea-water. Other naturally 
occurring chlorides are matlockite PbClg'PbO, 
horn stiver AgCI, atacamite Cu 2 ('UOH) 2 , calonifl 
HgCl, &c. Feme chloride Fogf^Ie and sal 
ammoniac are occasionally found native as 
products of volcanic action. Magnesium chlor- 
ide IS found in considerable quantity m sea- 
water and in many natural waters Calcium 
chloride IS found m certain brines 

Sodium and potassium chlorides are present 
in most animal secretions, and free hydroeldoric 
acid 13 met with in the gastric juice. Many 
plants, growing in proximity to the sea, and 
many inland plants contain notable quantities 
of chlorides 


The ratio of the critical density to that 
calculated from the simple gas laws is 3 035, 
and the value of Troutoms constant, that is the 
quotient of molecular lieat of evaporation and 
the absolute temperature of the boilmg-pomt, 
IS 20 67, indicating that chlorine behaves as a 
j normal substance The specific heat between 
0*^ and 24^ is 0 2262, and the heat of evapora- 
tion at 8^ IS 62 7. The vapour tension is in 
atmospheres * ^ 


0 

0 

1 

. 0 74 

-20° . 

. 1 84 

0° . 

. 3 66 

+20° . 

. 6 62 

40° . 

. 11 50 


Tt can be solidified at a low temperature 
Liquid chloiine is not miscible with watei , 
its lefractivc index is lowei than tli.it of water, 
and it IS .1 non-condu( f or of elei trieity 

(diloTine gas is re.adily soluble in wati'r, its 
absorption coelhcient between 10"^ and 415'', 
according to Schonfeld (Annak'n, 63, 2() , 06, S), 


Preparation for Larouatory Purposes 
The oldest mode of preparing chlorine for labo- j 
ratory jiurposes consists in heating manganese 1 
dioxide with hydrochloiic acid, or by heating 
a mixture of manganese dioxide, common 
salt, and sulphuric acid 

MnO,+4HCl-:Clo-}-MnCI,4-2IL>0 
2NaCH Mill) . -h3Pl ,804“ 

“=0l2d-2NaHSO4+MnS()4d-2H.O 
It IS readily prepared by slowly dropping a 
clear strong solution of bleaching powder into 
concentrated hydrochloric acid Pleaching 
powder made commercially into small cubes 
may be used in a Kipps’ gas generator containing 
strong hydrochloric acid If lec^uired m rathei 
large quantity it is most easily obtained from 
liquid chlorine supplied commercially in steel 
cylinders 

Properties or Oht.orine At ordinary tem- 
peratures and jiressuics chlorine is a gieemsh- j 
yellow gas, which becomes darker in colour as 
it IS warmed , under strong pressures the colour 
becomes orange-yellow ; its absorption spectrum 
shows nurneious d.ark lines in addition to com- 
plete absorption in the blue and violet Even 
when laigely diluted with air, the gas possesses 
a characteristic pungent and irrit ating smell , 
it rapidly attacks the nasal and lung membranes, 
and in such cases the best relief is obtameil by 
breathing alcohol vapour 01 a little chloroform 
vapour .and keeping in a. w.arm room 


IS 

3 0361-0 046106<+0 imUOIt^ 

by meams of which the following table showing 
the volume of chlorine at 0” .ind 760 mm ab- 
sorbed by 1 vol of water at varying temper.a- 
tuies from puie chlorine gas having a piessuio of 
760 mm is calculated : 

10° 20° 2r 10° ‘r>° 

2 58,52 2 3681 2 1565 1 0.504 1 7400 1 5550 

(?; also Pickering, (Oiem Soc Trans 1880, 
130) 

The volume of chlorine absorbed from a 
mixture of that gas with an indillerent gas, as 
hydrogen or carbon dioxide, is greater than that 
calcul.ited from the law f)f partial pressures 
(Roscoo, (Oiom Soc Trans 8, 14) 

(Jhlortne-ivaicr has the ehaiaeteristie smell 
and colour of the gas , m daylight, and especially 
when expOvSed to sunshine, it gradually loses 
its eoloui owing to the action of the chloiino 
on the w.atrr, the m.iin leaction being 

(hiLORTNR Hydrate A solution of chlorine 
m water below f)° deposits crystals of so-called 
chlorine hydrate of a light-yellow colour, 
whuh become almost white when cooled to 
-.50° By gently he.it ing the crystals in .a 

si'.ilcd tube, they are 1 caddy resolved into 
water and free chlorine, which may be thus 
obtained as a liquid 

General Ohemtcal Properties — Chlorine 


The sp gr of chlorine gas shows a gradual 
diminution up to 240°, when its density 
becomes normal, viz 2 4502 (.Jahns, Ber 15, 
1242) 

40° 80° 120" 1G0° 200° 240° 

2 4844 2 4776 2 4708 2 4641 2 4572 2-4504 
By the application of either suit.ably in- 
creased pressure, or of a suitable low tempera- 
ture, chlorine gas is readily liquefied to a dark 
greenish-yellow liquid of sp gr. 1 *33, b p 
—34*5°. The critical temperature is 144 0°, 
the critical pressure 70 1 atm , and the critical 
density 0 573 The density of liquid chlorine 
may be represented by the formula : 

ri, =0-687014+0 0002379^144-0 
+0 0622109 144-1 


IS an active chemical agent, and combines 
with many of the elements even at the ordinary 
temperature Phosphorus ignites spontanci- 
ously m the gas, forming phosphoius trichloride. 
Finely divided arsenic, antimony, coiiper, tin, 
lead, and iron burn in chlorine, forming the 
respective chlorides, but most of these metals, 
when pi’csented in bulk, behave quite differently, 
as the trace of solid chloride formed acts as 
an impervious layer and the reaction can pro- 
ceed no further , but metallic tin forming a 
liquid chloride SnG/l 4 is entirely converted into 
that chloride. Chlorine and hydrogen may be 
mixed together in the dark without combining, 
but such mixtures explode violently in bright 
daylight or when heated During any of the 
above acts of combmation much heat is evolved 
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Certain of these reactions are modified if the 
chlorine is absolutely free from moisture. 
Wanklyn (Chera News, 20, 271) found that 
sodium might be melted in dry chlorine without 
action, although the metal readily burns in 
chlorine as ordinarily prepared. Cowpor ((^hem 
Soc Trans. 43, 153) found that Dutch metal, 
zinc, and magnesium were unacted upon by 
dry chlorine , silver and bismuth were only 
slowly attacked The indifference of dry 
chlorine to steel and brass enables liquid chlorine 
to be manufactured and shipped in vessels 
made of those metals 

With many inorganic chemical compounds 
chlorine also combines directly, thus it unites 
with sulphur dioxide, carbon monoxide, phos- 
phorus tncliloridc, ferrous chloride, stannous 
chloride. 

With very many organic non-saturated 
compounds chlorine also "combines directly, 
e g with ethylene, acetylene, and benzene 
(under certain circumstances), and additive 
compounds are formed ; in the ease of acetylene 
the reaction is so energetic that it becomes 
explosive ; lignocellulose also readily combines 
with chlorine 

With saturated organic compounds as 
marsh gas and the paraffins, acetic acid, alcohol, 
&c , chlorine forms one or more substitution 
prodiic'ts, and the eliminated hydrogen is 
simultaneously converted into hydrochloric 
acid 

With such organic compounds as benzene 
and toluene, chlorine may react cither to form 
addition or substitution products, or both 
simultaneously, and such reactions are largely 
influenced by the temperature and by the 
presence of other substances as ferrous chloride, 
iodine, &c 

With turpentine chlorine reacts so readily 
that the oil inflames spontaneously, and much 
of it is totally destroyed with the production 
of free carbon and hydrochloric acid 

In presence of water chlorine acts on many 
substances, both inorganic and organic, as a 
powerful oxidising agent, and these reactions 
may be oxplaineil by the assumption that the 
mixture reacts to a small extent to form hypo- 
ehlorous acid, that is n()Hq-(ff^=-HOCl-f H(ff , 
hypochlorous acid is an intensely active sub- 
stance, capable of converting manganous oxide 
into permanganic acid, chromium trioxido into 
chromic acid The oxidising action of chlorine 
and water often becomes more energetic in the 
presence of bases. In this way monoxide of 
lead may be converted into dioxide, manganouvS 
oxide into manganese dioxide, sulphur into 
sulphuric acid, ferrocyanides into ferric yanidos, 
manganates into permanganates, and many 
organic substances and colouring matters may 
be more or less completely oxidised. 

Industrial Pretaration of Chlorine 

Chlorine gas has been prepared on the small 
industrial scale by the addition of strong sul- 
phuric acid to a mixture of sodium chlonde and 
manganese ore (which is essentially manganese 
peroxide) and heating 

The commercial processes of preparing 
chlorine to-day are desenbed in the folfcwing 
account in detail, in the order of their develop- 
ment : — 


I (a) The action of an aqueous solution of 
I hydrochloric acid on one or other of the higher 
I oxides of manganese, or their compounds at 
; temperatures below 100° : 

I 4HCI (solution) -|-Mn02=Cl2H-MnCl2H-2H20 
I (6) The action of hydrochloric acid gas on 
I atmospheric oxygen in the presence of catalysts 
, (as copper compounds) at temperatures just 
below a red heat : 4HCl-f02=2Cl2+2H20. 

(c) The electrolysis of metallic chlonde (as 
sodium chloride, potassium chlonde, zinc 
chlonde), which are occasionally anhydrous 
and fused, but are much more generally em- 
ployed in aqueous solution 2 NaCl=Cl 2 + 2 Na , 
and ZnCl 2 =Cl 2 4-^ri ; the energy absorbed in 
thCvSO reactions is supplied electrically 

A number of proposals or non-important 
methods arc briefly enumciated 

{a) The Aqueous Hydrochloric And and 
Manganese Oxide Method — The solution of hydro- 
cliloric acid used is obtained in the manufacture 
of sodium sulphate that is salt cake . it is 
known as ‘ Commercial Hydrochloric Acid,’ or 
as ‘ Munatic Acid ’ The solution used should 
bo as strong as possible, because complete 
exhaustion of the a^id by manganese peroxide 
IS impracticable, and a residual liquor containing 
a considerable amount of unavailable acid is 
always left The stronger the hydrochloric 
acid solution to start with the smaller the 
percentage of the total HCl which is lost (for 
actual figures, see below) 

The manganese ore used for the generation 
of chlorine should contain a high percentage of 
MnOg The two next lower oxides of manganese 
also liberate chlorine, but only a smaller pio- 
portion of the total chlorine enqiloycfl as shown 
by the following equations — 

Mn(),-f4HCl=Clo4-MnCUH-2H.,0 
Mn,03+bHCl=Cl2>2Mn(fl2-f3HoO 
Mn;04-f-8n01=Cl2+3MnCl2+4H“20 
Pyrolusito is the manganese ore generally 
used ; it usually occurs in distinctly crystalline 
masses of a fibrous structure , its sp gr is 
4 7-5, and its colour iron-black to dark steel- 
grey with a metallic lustre , it also occurs as 
amorphous friable masses that soil the fingers 
It lias been mined in Noith Wales, and occurs 
in quantity m Germany, Bohemia, Transyl- 
vania, Russia, India, Australia, Japan, and the 
United States of Ainoi ica 

The chief source of the industnal pyrolusito 
used in this country is Southern Russia. The 
ore varies usually from 75 p c. to 85 p e. Mn02. 
An average analysis of the Russian ore is . 
80 p c MnOg , 1 p c MnO ; 3 p.c H 2 O. 

It IS customary to buy and sell manganese 
ore on the percentage of MnO 2 only. 

The higher the percentage of MnO 2 , the more 
valuable the ore, as the impurities, oven if sub- 
stances such as BaS 04 and SiO^, do harm by 
coating the particles of MnO 2 and preventing the 
action of the IKU, and also by adding to the 
amount of waste mateiial to be handled. If 
the impurities are carbonates (CaCOj, BaCO^, 
&c ), they not only waste hydrochloric acid, 
but the CO 2 evolved dunng their solution harms 
the bleaching powder into which the bulk of 
industnal chlorine is made. 

The physical condition of the manganese ore 
is also important, the softer ores being preferable 
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to the harder ones, which are more slowly acted 
on by the hydrochlonc acid 

For generating somewhat small quantities 
of chlonne the generating vessel, or still, may 
be made of stoneware Fig I shows one of the 
best- known forms of 
stoneware stills, in- 
tended f oi heating from 
the outside in a water- 
or steam -bath, made of 
wood or masonry The 
manganese is placed in 
theperfoiated cylinder, 
which holds about 1 
cwt , and is j)ut m and 
out by moans of spoci- 
] ally shaped tongs, 

through the large open- 
ing The small necks serve for introducing the 
acid and taking away the gas At the end of 
the operation the still lupior is drawn off by a 
siplion, or by a discharge pipe passing through 
the steam-jacket Such small stills permit of 
careful and economical working so far as mate- 
rials are concerned, since the acid is not diluted 
by condensed steam 

Fig 2 shows a contrivance which allows the 
chlorine puios and the main pipe to bo instant/Iy 
connected or disconnected. There is a Y- 
shaped lead pipe a, the upper arms of which are 
converted into hydraulic lutes by ‘ burning ’ 
an outer pipe, hhy on to them The ends of 
the gas pipes, botli that leading from the stills 
c, and that leading to the gas mam arc 
widened out into cups dipping into the water 
which fills the annular space 
at b The rubber pipe c 
and its attached cup con- 
tain sufficient water to fill 
and thus stop the gas-way 
a whenever the pipe and 
cup arc raised 

For generating large 
quantities of chlorine the 
stills are made of silicioiis 
sandstone or other stone 
not acted upon by acids, not pervious to them, 
and not liable to crack by rapid clianges of 
temperature Such stone is found at Southow- 
ram, and is known as ‘ Yorkshire flag ’ 

A small oM-fashioncd stone still is shown in 
Fig 2, which represents it cut through m the 
middle The bottom is formed by a stone, 
10 to 12 inches thick, with grooves for the sides 
to fit in The sides are stone slabs, 5 to 0, or 
oven 8 inches thick, and joined at the corners 
on the ‘ feather and groove ’ pnneiplo The 
end stones project both ways over the sides, 
which fit into grooves cut in the end stones 
The joints aro made tight by dressing a small 
groove into the two adjoining faces, and placing 
a 5 -inch india-rubber cord in the channel thus 
formed. The lid consists of one or more stones 
laid in a rebate, and the joint is made gas- 
tiglit by partly filling the rebate with a putty 
of linseed oil and china-clay. The diagram 
shows how the still is fitted with the following 
parts. A false bottom a ; a pipe &, for the 
introduction of hydrochloric acid, sealed at 
the bottom by the acid in a small earthenware 
bowl ; a leaden steam pipe, c, connected at the 
bottom with a stone or stoneware steam column 




d, which is provided with side holes (not shown 
in the figure) situated a short distance above 
the bottom slab, for the issue of tlio steam into 
the acid, and at the top by tho loop e with a 
tap / (tho loop protectmg the tap to some 
extent against the action of tho chloime) , tho 
earthenware or leaden gas pipe <7, tlie connection 
of which witli the gas mam h can be opened or 



Fig 3 


shut off at will by putting more or less water 
into the pot i Tho man hole for charging the 
still and the discharging hole must be assumed 
to be provided m that half of the still not 
shown in the diagram These stills aro made 
7x5x3 foot, inside measurement, and upwards 
Fig 4 shows a still of tho hevel-joint type, 
seen from above, with tho cover removed , a 
are the flags forming the false bottom, one of 
which, a'y 18 made to stand up ; c is the steam 
stone, but the long central hole and tlio radial 
short holes for the passage of the steam are not 
shown , A, B, c, Dare tho rods binding tho stones 
together by means of the cast-iron corner 



Fig. 4. 


pieces 6. h. The joints are made by the com- 
pression of the stones on to round nibbor cords 
shown as black dots in each comer joint m the 
figure. Tho cord for tho bottom joint may be 
one inch diameter, that for the upnght joints 
may be % inch diameter; the junctions of the 
several cords with each other are made liquor- 
tight by boring with a cork borer a comparatively 
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small hole in one cord, and then inserting the 
ond of the other cord into the broad end of 
a hollow conical steel needle, which is smeared 
with glycerin, the second cord may be passed 
tlxrough the hole in the first cord and the small 
projecting end neatly cut off 

The Process — In order to work the stills, 
those of smaller sizes. Fig. 1, where the manga- 
nose IS contained in a sieve, are usually first 
charged with the requisite quantity of acid. 
The sieve containing the manganese (about 
1 cwt ) is then put in, the cover is at once put 
on and made tight by water-luting or cementing, 
and the evolution of chlorine begins forthwith. 
When it slackens, heat is gradually supplied 
by turning on the steam till the acid is exhausted. 
The stills are then allowed to cool down, usually 
till the next morning. Tliey are then opened, 
the sieve is lifted out, the manganese remaining 
m it is washed and replenislted by more ore, the 
liquor 18 siphoned or run out of the still, ficsh 
acid is lun in, and a new stait can bo made at 
once. 

The large stone stills are charged with from 
() to 10 cwts of manganese broken up into 
jneces, which must be smaller in the laso of 
hard ores, but should not bo too small, lost too 
much IS washed down below the false bottom. 
The manhole is then closed and acid is run in, 
at first quickly, afterwards giadually, so that 
it takes several hours to run in the full charge 
All this time chlorine is given off, miuh heat 
being generated in the process, of couise much 
more with concentrated than with somewhat 
dilute acid. When the evolution of gas bcc,oines 
slow, steam is injected into the still, but very 
cautiously, as otherwise the water might bo 
thrown out of the lutes, and only at intervals, 
for instance for 10 minutes every hour Too 
much steaming causes too rapid an evolution 
of chloime, and the volatilisation of much acid 
and water. The temperature of the stills ought 
never to get above 90°. It is preferable not to 
steam all the stills of a set at the same time, 
but in regular rotation, to produce a more 
continuous current of chlorine. C'hlorme stills ^ 
ought to be kept going at least 24 hours, but | 
laige stills are better kept going for 48 hours, 
as more of the acid will then be utilised 

When the waste liquid, ‘ still liquor,’ is run 
off it emits an intolerable stench of chlorine, so 
that this operation is most irksome, both for 
the workmen and those pcojile who live near the 
works The ‘ still liquor,’ even after being 
freed from its muddy constituents by settling, 
is, on account of its acidity, one of the worst 
nuisances for any watercourse into which it 
may be run These nuisances have been com- 
pletely overcome by the introduction of the 
Weldon process, where the still liquor from the 
fresh manganese ore is run into the Weldon stills, 
as described a little later on, and at works 
where chlorine is made on too small a scale to 
permit of applying the Weldon process, the | 
still liquor now has to bo run into a closed 
tank, and neutralised by chalk or limestone dust 
before running it away, even in a very diluted 
form. 

The chlonne evolved in the stills is always 
contaminated with hydrochloric acid gas, and 
a considerable amount of aqueous vapour on 
account of its high temperature To remove 


these impurities the gas is passed through a 
long string of earthenware or lead pipes, exter- 
nally cooled by air (or, if needful, by water), 
so that the water vapour condenses, and the 
water produced dissolves the hydrochloric 
acid gas, and both are then drained away by 
trapped escape pipes 

The Chemistry of the Process . — The first 
reaction taking place in the chlorine stills is : 
Mn02-}-4HCl=MnCl44-2H20 or (more probably) 
2Mn02+8HCl=Mn2Cl6+4H20+Cl2. (There 
18 some discrepancy of opinion as to which 
of these two chlorides of manganese is formed, 
(/ompare W. W Fischer, Chem News, 37, 260 ; 
U. 8 Pickering, ihid. 39, 226 ; Berthelot, 
Compt rend. 91, 261.) 

These chlorides, MnCL and Mn,Clg, form a 
dark-brown solution which quickly decomposes 
even at the ordinary temperature into IVlnClg and 
free chlorine, so that the ultimate result is . 
Mn()24-4HCl=MnOl2+2H20+Cl2 , but this 
reaction is only completed at about 100° and 
with a certain excess of hydrochloric acid 
Theoretically for 100 parts by weight of MnO^, 
or an equivalent quantity of manganese ore, 
almost exactly 170 dr;;^ HCl or 630 acid of 
32° Tw , ought to be consumed ; practically, 
at least, 10 pc moie is used, and with low- 
strength acid, hard manganese, direct steaming, 
&c., twice the theoretical quantity of acid may 
be lequircd to be present 

The still liquor contains chiefiy manganous 
chloride, fiee hydrochloric acid, the chlorides of 
other metals present in the ore, and a little 
chlorine 

Black’s analysis of still liquor, m a well- 
conducted works, showed how incompletely the 
acid is utilised 

MnCU 10 0 

HCl “ . . . .00 

ALClg . . . .00 

Fo“Cl„ 0 6 

Clg . . not determined 

Jl.,0(bydiff) . . .81-7 

100 0 

On the assumptions that all the manganese 
m the ore was m the form of MnO,, and that no 
hydrochloric acid gas was carried away by the 
chlonne, it follows that out of every 100 paits 
of HCl added .33 0 parts had been left untouched. 

The free acid is tested for in daily practii e by 
an easy but approximate method, namely to 
a measured volume of still liquor, standardised 
caustic soda liquor is run in from a burette 
till the formation of flakes of Fe 2 (OH),j, which 
do not dissolve on shaking, indicates the satura- 
tion of the free acid. 

Treatment of Sth^l Liquor for Recovery 
OF the Manganese and the Method of 
1 USING THE Recovered Manganese Many 
suggestions have been made and tried with this 
object, but one process has proved superior to 
all others, and is now universally adopted 
The first foundations of this process were laid 
III 1837, when Cossago precipitated the still 
liquor with lime, ran off the supernatant liquor, 
and agitated the precipitate with air ; the 
oxidation was, however, very slow, and was 
never so much as half complete. In 1860 
Walter Weluon made his first attempts, and 



CHLORINE. 


187 


by 1869 his new process was in conunercial use | 
at Messrs Gamble & Co ’s works at St Helens, j 
and by 1871-1873 had been so improved as to | 
be adopted by all English and continental 
alkali works. The apparatus employed has 
received but few modifications, but the con- 
duction of process, which in the critical part is 
complicated, and still not thoroughly explained, ! 
has been more modified In the following the I 
apparatus and process are described together, j 
and in the sequence of events occurring when I 
starting up a new plant 1 

Fig 5 shows the plant in elevation. 

The process is commenced m the stone still 
E, which has been already described in con- 
struction and process by Figs 3 and 4 and the 
accompanying text. The only cliangcs do- j 
manded by the Weldon process arc. (1) That I 
the acid employed should bo as free as possible i 
from sulphuric acid, because when subsequently ^ 
the liquor is treated with calcium caibonate i 
thevoluminous crystalline needles of (laS 04 2 H 2 O 
that are formed entail extra labour and expense 
in filter piessmg and removing the filter cakes, 
and there is an accompanying loss of manganese 
chloride solution (2) That the run-olT pipe for 
the still liquor, instead of leading into a neutralis- 
ing well, leads into a mud still n, which is shown 
in section in Fig 5 The utility of this last 
change does not arise until a later stage in the 
{irocess, and the special construction of this 
largo mud still n will therefore not be now 
described 

The still liquor may bo at once run from d 
into one 01 other of the two neutralising wells 
o, G by moans of pipes or coveiod channels 
not shown m the figure, and charge after charge 
of native manganese ore is dissolved in e in 
the same way, Idling the wells 0,0 alternately 
and repeatedly for the next ojieration. 

The neutralising wells g, o are sunk m the 
ground on a bed of jiuddlcd clay, and after 
being built are surrounded by puddled clay to 
prevent possibility of leakage , they are built 
of large stone sl.ibs of acid-jiroof Yorkshire flag, 
as already desciibed for the still E, excejit that 
it IS much larger and is octagonal in shape , 
their dimensions are, depth fi feet, cbamct-er 
15 feet On the top of the wells two laige 
timber beams arc seen supporting the agitators 
composed of wooden gates driven by shoit 
vertical shafts (situated above fho liquor level), 
and large crown wheels and pinions situated 
above the timber beams , the ])inions are driven 
by one horizontal shaft and the small steam 
engine situated between the two left-hand mud 
stills D, D. The liquor, wliile continuously 
agitated, is slowly treated with crushed chalk 
or powdered limestone, which is preferably 
very finely ground The free HCl is first acted 
upon, yielding calcium chloride, which is an 
essential component for the remaining processes, 
and carbonic acid gas, which m escaping carries 
away the small quantity of dissolved chlorine 
gas ; those two objectionable gases are pre- 
vented from escaping freely into the air by 
covering the wells with strong planks well 
tarred and by connecting them to the suction of 
the noarevst chimney by an earthenware pipe 
Towards the end of tl\e operation the additions 
are made slowly, and with frequent testing of 
samples, by seemg if they effenfesco when 


poured on to ground chalk. When the free acid 
has been neutralised the ferric chloride, and 
aluminium chlorides shown in the preceding 
analysis are also converted into calcium 
chloride and feme and aluminium hydroxides, 
and these last carry down as ferric arsenate 
any arsemous acid originally present in the 
muriatic acid During this treatment any sul- 
phuric acid present in the muriatic acid is con- 
verted, as already mentioned, into CaS 04 , 2 H 20 . 
Complete neutralisation is necessary to leinove 
all the impurities named, and also to prevent 
corrosion of the settling tanks a, a, into which 
the liquor is next pumped, but the excess of 
CaCO, employed should be the smallest possible 
to reduce the cost of the subsequent settling 
and filtering ojierations and their loss of 
manganese lupior 

As soon as the neutralised liquor in one of 
the wells g is ready a swivel pipe is lowered 
from above into the liquid, as shown m Fig 5, 
m the left-hand well, and the turbid liquor is 
then pi{)od to the force pump shown in the 
figure in front of the third tank o fiom the left 
The internal woiking parts of this juimj) are 
made of gun metal The figure shows the 
delivery pijie rising to the top of the plant, 
then running horizontally and discharging 
through control cocks into one or other of the 
four chloride of manganese settlers a, a, a, a As 
soon as the well a is emijtied and the pump 
stopped, a small valve is opened at the base of 
the jiiirnp delivery pipe, and the jiipes thus 
drained back into the well ; the swivel pipe 
taking the liquor from the well is also with- 
drawn , these things are done to prevent 
corrosion of the pipes The wcdl is then ready 
to re(‘oivo its next I'haige, and so on 

The chloride of manganese settlers are made 
of J-inch thick boiler plates, and are 18 foot by 
12 feet and 0 feet deep, and therefore are carried 
by a very strong timber framework that rests 
upon the strong brick walls that carry the 
settlers c, r, c As the stock of liiiuor in a docs 
not lill the tank, and is moreover not sufiicient 
for the next operation, the processes already 
described must bo repeated until at least on<‘ 
settling tank a is c(uito full After making 
the last addition a few hours’ settling should 
allow the liipiid to settle epnto clear, it is 
impoitant that the liquor going forward 
to the next operation should bo quite clear, 
otheiwise the charge in the next operation is 
aj)t to froth over, and also the rccovcied 
manganese will consume an undue amount of 
acid 

As the coi rect proportioning of the manganese 
chloride licpior and the milk of lime in the 
following process are admittedly the key to the 
rapidity 01 the subsequent absorption of oxygen, 
and as no practical method of regulating this 
proportion is described in Lunge’s standard 
work, “ Sulphuric Acid and Alkali,” and as it is 
admitted that milk of lime differs very consider- 
ably in its initial action on manganese chloride 
liquor, according to the source of the lime and 
the manner of making it into milk, the usual 
description is here slightly modified so as to 
contain a means of ascertaining and controllmg 
the proportions of MnOlg and CaO used. 

Having correctly measured the length and 
width of the settler a and the position of the 
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surface of the hquor, and recorded those measure- 
ments, and having also taken a sample of the 
liquor for analysis as shortly described, the 
clear liquor may be drawn off from the settler 
bv lowering a swivel pipe just under the surface 
of the liquor, whoie the open end of the pipe 
can bo inspected and the liquor above it can 
be seen to be quite clear. The bottom end of 
the swivel pipe is attached to the side of the 
tank about a foot above the bottom of the 
tank, so as to leave plenty of room foi the mud 
to collect and to be stored pending its lemoval 
Outside the tank the flow of the clear liquor is 
controlled by a cock, and cocks control its 
entrance into the oxidising tower u, shown m 
Eig. 5, or into a second similar tower situate 
just behind it. The tieatment of the mud left 
in the tank will bo described latei, as it is Inst 
allowed to accumulate. 

The oxidising towers u are made of j-inch 
thick boiler plates, and they may be 8 feet 
diameter and 28 feet high, the bottom is flat, 
and the top is quite open The pipe bunging 
the manganese chloride liquor enters the tower 
about 6 feet from the top of the tower, and as 
the tower shakes considciably during the 
subsequent operations, the connection between 
the tower and the clear liquor mam is made 
through a short piece of mdiarubber pipe The 
diameter and height of the tower being caiefully 
measured, its capacity when half full is calcu- 
lated, and a further reckoning gives the now 
position the surface of the liquid will occupy 
in the settler a when the tower has been half 
filled, and as the liquor approaches this level 
the top of the swivel pipe may bo set to give 
exactly the desiied amount of liquor. When 
the liquor ceases to run the cocks aie closed, 
and the residual liquor in the settlor is leserved 
for the finishing of the charge as explained 
later 

The manganese chloride liquor should bo 
tested for MnCL by diluting a measuicd sample 
with boilmg water, adding zinc oxide until the 
mixture is white as milk, and, lastly, adding 
standard potassium poimanganate with occa- 
sional boilmgs, untd the supcinatant clear 
liquor shows a pink flush , the leactioii yields a 
mangamte exactly like the Weldon process under 
consideration ZnO+MnO-f 0=ZnO MnO,, and 
the necessary oxygen is obtained from the 
permanganate similarly 

3Zn0+2KMn04 

=K20*Zn0d-2(Zn0 Mn0,)+30 

The percentage of manganese chloride having 
been calculated from the analysis, the lbs. of 
manganese chloride in* the batch is then easily 
reckoned. 

The temperature of the manganese liquor 
m the tower will be above atmospheric tempoia- 
ture, and in subsequent operations will be still 
more so, but experience has shown that if it is 
below 66° C , it should be heated to this pomt 
by blowing m steam The steam pipe is not 
shown in the figure, and because of the shaking 
of the tower it must pass over the top of the 
tower, and termmates at the bottom of the 
tower m several branches containmg perfora- 
tions. The temperature is ascertamed by drawing 
a sample from a samphng cock situated m tho i 
testing cabm, shown m tne figure, from which \ 


cabm theie is easy access to all other parts of 
tho plant. 

The manganese chloiido liquor duruig the 
above hoatmg may bo agitated, and for the 
subsequent opeiation must be well agitated. 
Tins agitation is effected by a blast of air 
Tho blowing engine-house is shown on the left 
hand of Fig 6 Tho right-Jiand cyhndei and 
fly-wheel constitute the steam engine, tho steam 
supply pipe being shown descending to the 
centre of the cylinder. The left-hand -cylmdor 
is the blower , the air is taken in on the ends 
of tho cyhndcr thiough numerous valves of tho 
flap type, faced with rubber, and is deliveied 
through tho pipe shown leading to the air 
pressure legulatmg vessel //i, and thence by tho 
7-mch diametci pii)e d over the toji of the 
tower B, because of tho considoiable shaking 
of the tower during the subsequent ojicrations, 
and thence to tho bottom of tho tower, whole 
it ends m a cross or a gridiion of pipes, marked 
71 in Fig 5, that contain a multiplicity of 
perforations on their underside, so that the 
pipes keep themselves cleai fiom tho Lijuor 
and mud tieatod m the tower. When used for 
agitating puiposes alone tho blast of air lequuod 
18 not gloat, but tho blast can be regulated as 
dosiied, and as described latei, can bo increased 
very eonsideiably 

Milk of hmo 18 lequiied for tho next opera- 
! tion, and it is prepared in the upper of tho two 
tanks, J, J, shown m Fig 6 Each of these 
tanks IS made of boiler plate, and is piovided 
with an agitatoi, tho diuo being elfcctcd by a 
small steam engme aflixed to tho right-hand side 
of the uppei tank J, and transmitted by a 
shaft and two small bevel jiiiuon wheels to 
eithei or both of the bevel crown wheels scon 
on tho tops oi the two agitator shafts Tho 
upper tank only contains a lime cage, tho bottom 
of which IS indicated by a liorizontal line above 
the thud agitatoi blade, ilio cage is built of 
iron lodb or peifoiatcd metal plates on the 
bottom and sides , the tuji of the cage is quite 
open. T’ho tank is filled with water while 
steam is being also blown m, until tho hot 
wat(u stands well above the level of the bottom 
of the cage Qiiickhme is selected so as to con- 
tain less than 1 pc of magnesia, it sliould f>e 
well burnt, but not over-buint The magnesia 
IS veiy objectionable, because it accumulates 
during tho repetition of the tollowmg pi oc esses, 
and in tho gcneiation of tho chloimo it neutiahscs 
acid to no purpose , tho method of lemovmg 
it IS dosciibed latei. Well- burnt lime does not 
contain moie than 2 p c. carbonic acid, and it 
slakes quickly and completely, giving a milk 
that IS particularly free from gut. Ovei -burnt 
hmo slakes exceedingly slowly, and the resultant 
milk contains laigo quantities of imnuto giams 
of unslaked lime, that react only exceedingly 
slowly with water or the manganese calcium 
chloride liquor, and so remain inert until the 
chlorme is generated, when they ncutialise 
acid to no purpose, Tho selected quaklime iii 
the form of largo lumps is put into ihe cage, 
it soon slakes, generating tliereby much heat, 
and this addition is continued until <lie milk 
registers 60° on Twaddell’s hydrometer, the 
test jar being gently rotated the while ; the 
milk iben contains 20 lbs. CaO per cubic 
foot, and is as strong as can be conveniently 
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prepared. The milk is then run from a valve at 
the bottom of the tank on to a wire sieve (not 
shown in the figure), and thence into the bottom 
tank J, which is used as a combined store and 
measuring tank After cleaning out the cage 
and the wire sieve the upper tank J is then 
ready for the next operation. 

The next ojieration is the addition of milk of 
lime to the hot and agitated manganese calcium 
chloride liquor in b. The agitation of the lower 
tank J being stopped foi a minute, the exatt 
position of the suiface of the liquid is noted, 
and the internal diameter of the tank measuied , 
the agitation being re-staited, a sample is taken, 
from which, while constantly being stirred, a 
pipette IS filled and, after washing the exteiior, 
the contents are titiated with standaid hydio- 
chloiic at id till neutial. it is now possible to 
calculate the position of the surface of the liquid 
in the tank J when enough milk has been 
lemoved to (1) theoretically juecijutate all the 
Mnt'l^, and to (2) incieaso the total amount 
to I 6 times the theoretical, as long expoiience 
with the process and the due consideiation of 
opposing considerations, namely, the lapidity 
of oxidation, the completeness of the oxidation, 
the economy of lime and of hydiochloiic acid, 
the settling quality of the lecoveied manganese, 
and the avoidance of ‘ stifl batches ’ have shown 
that this figure gives the best result Tins 
second addition is called the excess lime, and 
the amount desired is accoidingly 0 6 

The pump k is now put into opeiation, and 
the milk pumped into the tower by the pipes 
shown, due legard being had to the means 
alioady desciibod of overcoming the effect of 
the shaking of the towei on the end of the pipe 
Duiing this opeiation the utmost vigilance is 
lequired in the testing cabin, samples being 
drawn, filtered, and tested as rapidly as possible 
The first test is simply that for alkalinity with 
red litmus jiaper, but as manganous hydi oxide 
IS to some extent soluble in calcium c blonde 
solution, the alkali test is not proof that all tho 
manganese chloiido has been decomposed A 
second tost is theiofoio made by adding to tho 
filteied sample a stiong solution of bleaching 
powder, which produces a brown precipitate 
or colour if any manganese is still picscnt 
Should manganese still be present, eithei moie 
milk of lime must be added, oi a little moie time 
given for that alieady added to leact. When 
suflicient lime has been added to just icmove all 
tho manganese fiom the solution tho addition 
IS stopped, and the amount that has been added 
IS measured and recorded. 

The amount of lime so far added is always 
found to exceed that expressed by tho simjilo 
equation MnCl ^ + Ca( OH ) , — Mn( OH) . + CaCl ^ , 
because of the solubility of Mn(OH )2 m CaOl^ 
solution already mentioned, and because milk 
of lime always contams larger particles, or 
inactive particles, that only react very slowly, 
and for those reasons the excess lime may vary 
from 0 10 to 0 45 (the theoretical lime named 
above bemg 1 00) ; but it is fairly constant for 
any one source of supply of the quickhme, and 
for a routine method of working 

The amount of calcium chloride present 
profoundly alters the solubility (and hence the 
reactiveness) of the calcium hydrate, as is shown 
by the following figures for 60° 0. : 


Percentage CaCla 

in solution 0 5 10 15 20 25 30 

100 c c dissolve 

grams of (’aO 09 '11 13 17 *22 29 38 

and wheieas in tho two weaker solutions the 
solubility deci eases with fuithor use of tempe- 
ratuio, in all tho other solutions tho solubility 
increases, and tho moie so tho stronger the 
solution Tho solubility is more tlian mechanical, 
as on cooling very long crystalline needles of 
the oxychloride 

Cl'Ca'O Ca OH-}-7HoO 

sejiaiato and fiom strong hot solutions so much 
that tho mixture becomes apparently solid and 
can be inverted, and this has been assumed to 
be one of the leasons foi the pioduction of 
‘ still batches ’ mentioned later 

The amount of ealeiiim cliloiide in the 
bateli may bo leadily detei mined with sufiicieiit 
aeciiiaey from the sample di awn when the 
precipitation of tlie manganese was found to be 
eoinplote, by tillering and taking the degrees 
Twaddell of tlio hltrato and applying a cor- 
rection of 0 07° Tw per 1° tompciaturo variation, 
and tho table 
Pei (outage CuCL 

insolation 0 5 10 15 20 25 3i 

" 'J'waddell at 

18 0" c 15°c ~0 1 8 0 10 5 25 5 34 8 44 0 54 0 
In the piescnt batch fiom native manganese 
tho liquor will contain about 18 pc, only, and 
because of the low solvent power of this stiength 
of calcium chloiido on tlie fico lime in the 
e\c(?ss lime aheady added, it is not peinnssiblo 
to add any moio excess lime until sumo of tho 
fico lime has been icmoved by (.onveiting it 
into calcium inanganito 

Eor this puij)oso liio blast of air from the 
blowing engine is jiici cased to its niaxirmim 
and continued until the end ot the opeiation. 
Tho fixation of tho oxygen ( auses tho tenqiera- 
tiiie to use a few degiees, and the leaetion 
('aO+MnO MnO, leduces the amount 

of free lime and elianges tho colour of the 
piecipitato fiom light yellow to blown, and then 
to black Aftei about a quaitoi of an hour a 
({uaiter of the icinaining excess June desiied is 
added, and these additions ropcaled aftei thieo 
mcjio poiiods of blowing 

This procedure is necessary to pi event tho 
batch going ‘stiff,’ ic changing fioin a free- 
iluwmg tuibid lif^uid to a pasty lupiid, or even 
to a paste so thick that it stops tho blowing 
engine, and tlio whole plant has to be stopped 
while tho paste is dug out Tho cause of this 
stiffening is tlio sc^paiation of ciystalline com- 
pounds said not to bo the calcium oxychlonclo 
ahexady mentioned, but lafher a very basic 
calcium manganous inanganito 
2CaO 2Mn0'Mn02 

To attempt to cuie a stiff batch tho excessive 
bases must be i educed by running in moie 
manganese chloride, and increasing tho blast to 
its utmost. 

If, on the other hand, a sufficient supply of 
fiee base is not present when the blast is turned 
on full, then the manganous hydroxide is not 
converted into a mangamte at all, but mto tho 
oxide Mn 304 , which may be written MnO Mn^Og, 
and the batch turns ‘ red ’ or foxy, and no 
amount of blowing or of further base will 
subsequently convert it into a mangamte. 
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During the blowing, samples aie taken each 
half-hour and tested for the amount of MnOj 
by adding to a measuied quantity a measuied 
solution of standardised fonous sulphate and 
sulphuric acid, so that the mangamtos are all 
dissolved, when the excess of foxrous sulphate 
IS determined by titiation with standard 
permanganate solution. By tlie lepetition of 
this test the time required for the blowing is 
found, that is the time required for the MnO^ 
per cubic foot to attain its maximum ; three 
houis should sulhee During the piogiess of 
the blowing filtrates from samples will show a 
diminution of and then the disappeaianco of 
the free lime. The simultaneous oxidations 
of the mixture ((-aO-f MnO) and of the excess 
MnO to form (Ca 0Mn02) and (MnOMnO>) is 
now complete, and continued blowing has no 
further effect 

But a new icaction is now bi ought into play 
by the addition of a second supply of manganese 
chloride li(|uor to tho blowing tower, namely 

2(CaOMn(),) + Mn(l. 

2MnO,) + Ca(1,-| MnO 

and by continuing the an blast the MnO is 
converted into (MnO MnO^), as in the lust 
part of the operation The addition of the 
manganese chloride is continued only until a 
sample filtered and tested with liypochlorite 
gives a reaction foi manganese Euithei 
samples show that as a result of tho continued 
blowing this reaction soon ceases, whoreujion a 
little more manganese chloride is added Tho 
‘ blowing out ’ of the manganese becomes slower 
with each addition, and when it becomes too 
slow, no moie is added, and tho whole ojieiation 
IS ended The elicit of this last ojieiation is to 
increase tlie amount of (liloiino that can be 
inanufactuied fioiii tlie mud, without im leasing 
tho amount of acid lequiied foi that manufacture. 

Tho mud, consisting of calcium dimanganito 
(\iO 2 M 11 O 2 and manganese manganite 
MnO MnO^, suspended in a calcium chloiide solu- 
tion IS now lun fiom the base of tho oxidising 
tower by tho cock and main c, Eig 5, into the 
mud settlers c’, c, similar in constiuction to tho 
settk^rs A above. After a few houis settling is 
lomplete and the clear supeinatant cakiiini 
chloride liquor may then be lun away thiough 
tho mam e, k by ojjening tho cock near the 
bottom of the tank and giadually loweimg tho 
swivel pipe p, until tho black mud below is 
1 cached 

The manganese mud is now leady to be 
used m the manufacture of chlorine It differs 
from native manganese in that it is entiicly 
soluble m hydrochloric acid and that it clissohcs 
very much moie readily The generating 
tank therefore does not loquiio a false bottom, 
and it IS made veiy large Eig 5 shows four 
such stills D, D, that may be 12 feet diameter and 
12 feet deep. They aie octagonal, but otherwise 
resemble m construction the native manganese 
still shown by Fig. 4. The right-hand end still 
is shown in section, the two columns s, s are the 
perforated stone blocks for blowing in steam. 
The outlet liquor pipes are not shown, nor are 
the gas outlet pipes, nor the acid inlet pipes 

Into the still is charged any liquor available 
from the still E because thougn it is not strong 
enough to act further on native mtinganese, it 


will act on recoveied manganese mud, and this 
IS one of the advantages of the Weldon process 
Muriatic acid is then also run into the still till 
the acid liquors are 2 feet deep Tho settled 
mud ill tho settler tank c may then be stiried 
by a hand rake, to make it a little rnoio fluid, 
and run thiough a cock g situated in the bottom 
of the settlor, into the mam /, /, and thence 
through another cock into tho luted tiap A, 
whonco it runs into tho still. Tho chloime is 
given otf vciy ri'.vdily, and the rate of evolution 
of the ehlormo is regulated by regulating the 
admission of the mud. As the acid becomes 
exhausted steam is blown m to laiso the tem- 
poratuio, and tho further additions of mud aie 
made with caution, until samples taken fiorii 
tho still by an earthenware cock, not shown, 
ceaso to be clear yellow, and become a clear 
coffee colour that is not lomoved by further 
steaming A sample tested with standard 
caustic soda solution will then show the presence 
of about 0 5 p c of free acid Tho waste manga- 
nese liquoi IS now run, as before described, into 
a neutralising well a by opening an eaithenwaie 
cock and the Weldon rccoveiy piocess is lepeaied, 
but with the following alterations 

The manganese chkuido liquor contains a 
largo quantity of calcium chlorulo, but is com- 
paratively flee iiom feme chloride, aluminium 
chloride, and fico hydroehloiic and, and theio- 
fore leqimes inuih loss limestone dust to neutia- 
bsc and purify it 'I'lieio is atcmdingly much 
less dejiosit 111 the b>e< tlmg tanks A, A 'J’he lic^uor 
charged into tho oMclismg tower b contains an 
increasing amount of calcium chloiide, and this 
may amount to iicaily three times as much as 
tho mangauese ililoiido with advantage, as 
instead of adding tlie lesiduo of tho ‘excess’ 
lime m small iiqieated portions as pievioiislv 
desciibed, the whole of tlie icsiduo may be 
added at once, and by adopting tho method of 
testing alieadv desenbed tlie whole of the lime 
may he added at once without disi imiuiatmg 
between the ‘ theoretical lime ’ and the ‘ excess 
lime,’ thus saving time m blowing and labour 
in testing 

Wlien sufficient miid has accumulated in 
settlers A, A, a long-handled plug (iiulic atc'd ]jy a 
dottc'd line m eac h of tho tanks) is lifted, unci 
the mud is lun through pipes q to liltei jresses 
(not shown 111 the flguie), where as much iiianga- 
iu‘so chloiide hquoi as is possible is leeovcred, 
and tho cakes of stiff nearly diy mud aic then 
till own away 

When sufficient manganese cliloiide liquor 
has been made fiom nali\o manganese m the 
still E to sufiicuritly stock the settlers A and c 
and to give woiking chaigc's 111 a, b, and i>, 
then only so much native manganese letjiuiit's 
to bo dissolved in e as will eounkr balance (he 
unavoidable losses in the whole of the Weldon 
plant. 

(/;) The iUiMOua Hydtvdilonc And and Atmo- 
spheric Oxygen Method ■ — After many unsuccess- 
ful attempts made by Oxland (1840), Jullion 
(1846), Binks (1860 and 1862), Dufren6 (1866), 
and others, the laboiiis of II Deacon and F 
Hurter, m the years from 1868 on, produced an 
entirely successful chlorine process which is 
founded on the direct oxidation of the H in HC‘l 
by atmospheric oxygen, and which utilises much 
more of the HCl than any process employing 
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either native or recovered MiiOg 8omo jiro- 
cessos patented after theirs (Henderson, 1871 ; 

Weldon, 1871 , Wi<.^g, 1873, &c.) proceed on the 
same lines, but have not been practically 
successful. 

The Deacon process starts from the well- 
known fact that a mixtuie of hydrochloric acid 
gas and oxygen at a temperatuio just below a 
red heat, "especially in contact with porous 
substances, paitially changes into chlorine and 
water: 2HCl-}-0=Hj0-}-Cl2 This decom- 
position IS very much assisted by the employ- 
ment of substances winch servo as oxygen- 
caiiieis, and of these the salts of coppoi (pre- 
viously employed by Vogel, 1855 , Gatty and 
Laurent, 18()0 , Mallet, 180()), have boon found 
most useful Piobably in all cases eupiic 
chloride is formed, which at once splits up into 
cuprous chloride and fice chlorine The GuoCL 
combmos with oxygon to foini oxychloride 
OuO*CuCl 2 , and this acts again upon HCl, 
yielding water and reforming cupric chloride, 
so that the reactions can bogm over again : 

(1) 2CuCl,=Gu,Cl2+Cl, 

(2) Cu,Cl 2 + 0 = 01— C^u— O— Cu— Cl 

(3) Cu,0Cla-f2HCl=H,0+2CuCL 

Theoixitically, all the HCl would thus be con- 
verted mto chlorine, but m practice, under the 
best conditions, about two-thu'ds of this decom- 
])osition IS effected. The undecomposed HCl is, 
however, not lost, but is recovered and can be 
utilised for othoi purposes, e cj for the Weldon 
process 

Prom a diagram constructed by Huiter, The gases enter at Pia (h 

showing the aflimty of technically available the ciicumfeience 

elements foi oxygen, chloime, and hydiogeii, it at A, pass radially acioss the decomposing mass 
ajipears that no other metal than coppei forms n mto the inner space, and ai e led away through 
two oxides and two chloiidcs, in which the com- the pipe on. The annular space between 
bmation is of so loose a character It is there- the shutters is 3 feet wide, and is divided mto 
fore almost a ceitamty that a cheaper and six compaitincnta. one of which is emptied 
eciually efhcient catalyst cannot be found, and every foitinght This is done by moans of the 
that the J)eacon process is the best for the discharging doois o, c below the cyhnders 
direct conversion of gaseous HCl into ficc Piesh decomposing material is then thiown m 
chlonne from above through e, e , this material consists 

Deacon’s piocess deals with the gaseous , of biiint clay broken up into lumps, or ordinary 
hydrochloric acid, as it is evolved in decoin- | bricks bioken, fioed from dust, and dipjieil into 
posing common salt by sulpliuiic acid without j a solution of cupric chloride The mass con- 
condensing it mto liquid acid Tins is evi- , tains about 0 (>-0 7 pc of metallic copper, 
dently a great advantage in one way, but when ' After the active substance has served once, 
the salt cake is made m the oidmary hand- | that is, for 10 to 12 weeks, it is thrown away 
worked pot and fuinaco, it has the drawback | Each cwt of clay pioduces about 10 to 12 cwts 
that in the begimimg of each operation much [ of bleach It has boon found useless to attempt 
more HCl, and hence more Cl, is got than after- utilising the contact substance by rodippmg 
wards. In practice, only the gases from the ' it in the copper solution or m any other way. 
decomposmg pots, say 08-70 p c. of the total The cost of copjier for the contact substance 
HCl, aie used for the Deacon process, those ! does not exceed 1* per ton of bleach pioduced. 
coming from the roasters being too dilute and | The temperature, both m the heating appa- 
contaming too much sulphuric acid. In oidei latus and m the decomposer, must be most 
to equahse the operation to a coitam extent, carefully legulated, for which purpose special 
the gases from two salt-cake pots can bo mixed 1 pyrometers have been constructed (c/ lluiter 
and the pots woiked alternately, so that the ^ on Pyrometers, J. 8oc Chom Ind 1880, 025). 
strong gas from the early part of one charge is | In the decomposer, it ought to range from 480° 
mixed with the weak gas from the latter part | to 500°. 

of the other charge. i When the gases leave the decomposer, they 

The quantity of air necessary to form chlonne j consist of a mixture of HCl, free Clg and steam, 
enters through the jomts of the doors and In the best case, two- thirds of the HCl is con- 
dampers. It IS regulated by the speed of the verted mto chlorme, but sometimes only one half, 
aspirator (a Root’s blower) or cast-iron fan. The hot exit gases are now cooled by passing 
which is placed at the end of the whole apparatus through a long string of earthenware or glass 
and produces the movement of the gases through pipes, and are then freed from HCl by washmg 
it. Usually there are 4 vols. of air to 1 vol. of ' with wateif m the ordmary acid condensers, 


HCl. An excess of an* is less injurious than a 
deficiency of it, m which case there is a poor 
decomposition. 

The gases leaving the pot are first cooled by 
a long string of pipes and a scrubber; thus 
much of the water and about J or ^ of the HCl 
IS removed A patent by Deacon and Hurter 
(Eng Pat 2104, 1888) provides for cooling the 
gas and drying it m a sulphuric-acid tower 
before it enters the decomposer, such complete 
drying being very advantageous for the pro- 
cess. The gases now enter the heatmg apparatus 
This IS a furnace, 10 feet X 10 feet, m which 
twenty-six vertical pipes, 12 inches wide and 
9 feet high, aie ai ranged m two sets of twelve 
each, connected like the ‘ bieeclies pipes ’ in the 
blast- heating stoves, formerly used in non works 
and now replaced by brick heaters 

The gases are hoie heated up to 500° , the 
waste heat of the furnace is sufficient for heatmg 
the decomposer, which does not possess any Ore 
of its own. 

The gases now pass mto the decomposer 
(Fig. 0) This is an uptight cast-iron cylinder, 
12 to 15 feet wide. 

It contains a 

cylindrical img m ^ m 

of broken bricks 

n, D, suppoited ^ 

by two cylindrical 

cast-iron rings of 

shutters placed 

concentrically one 

within thn othftr c 
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consisting of stone towers filled with coke, 
combined or not combined with acid cisterns, 
Woiilif’s jars, &o. By properly managing tins 
process, all the acid can bo obtained in the 
strong state, as required for the Weldon process 
and other parj3oses 

The gases can now bo employed directly for 
making bleach liquor or chlorate liquor from 
mdk of lime. Jf, however, bleaching powder is 
to be made, they must be freed from water 
because the ratio of water to chlorine is so great 
that strong bleaching powder could not bo 
made ; the amount of water depends on the 
temperature, and can bo found from tables of 
the tension of aqueous vapour , the amount 
of chlorine is at most 10 p c by volume The 
water is removed by passing the gases through 
a lead tower packed with coke, down which 
sulphuric acid of not less than lio^Tw is kept 
flowing. 

As will be seen from the description, there 
IS theoretically no loss of H(fi in the Deacon 
process, the whole of tlie acid evolved fiom 
the salt being either converted into chlorine 
or recovered by condensation as liquid hydro- 
chloric acid In practice, of course, some losses 
occur, but they are not necessarily largo, and 
their amount depends principally on the efficiency 
of the draughting arrangements and the avoid- 
ance of low-level escapes at the salt-cake pots 
and furnaces. The fuel used per ton of bleaching 
powder to heat the decomposmg apparatus 
depends naturally on the efficiency of working 
of the process, and varies from 6 to 10 cwts per 
ton of pleaching powder 

Dunng the early years of its existence, the 
Deacon process had many difficulties to contend 
with, and the working results were disappointing 
and unsatisfactory 

The fact that the impurities accompanying 
the gaseous HOI were sufficient to seriously affect 
the process was not realised The impurities 
are sulphuric and sulphurous acid, arsenious 
acid, water, and carbon dioxide 

The sulphuric acid and sulphurous acid 
carried along with the gaseous HCl, especially 
when attempts were made as they frequently 
wore in the early days, to utilise the roaster or 
furnace gas as well as the pot gas, converted the 
Gu(jl2 into (^^uS04, which requires a higher 
temperature and gives a lower decomposition 
than OuOl^ 

The arsenious acid derived from the AS4O8 
m the sulphuric acid used forms arsenate of 
copper, which is even less reactive than the 
('USO4 The presence of those impurities 
necessitated the frequent renewal of the de- 
composing raatonal. Water is one of the 
products of the decomposition, and hence, 
when present m the inlet gases, increases the 
partial pressure of the products of the reaction 
and lowers the maximum p.c. decomposition 
obtainable under the conditions of the process 

Carbonic acid derived from the fuel gases, 
either of the salt-cake furnaces or of the de- 
composing furnace itself, was a senous obstacle 
to, and frequently entirely prevented, the pro- 
duction of strong bleaching powder This 
difficulty has been overcome by greater care in 
the construction of the apparatus and testing for 


It will be noted from the above ^description 

VoL. IL—T. 


, that only the gaseous IlOl from the salt-cake pot 
is dealt witli by the Deacon process, and tliat 
allowing for the liquid acid collated aftci the 
decomposers, about (30 pc of the total acid is 
obtained in the liquid form, and has to be sold as 
I such or used in some other way such as by the 
Weldon process. 

Hasenc lever, however (Eng Pat 3393,1883), 
desciibi's a piocess for gasifying the HCl in the 
liquid acid by mixing with strong hot sulphuiic 
acid in a series of earthenware vessels through 
which air is blown. By this means, a steady 
continuous stream of gaseous HCl is evolved 
with an easily regulated supply of air After 
passing through the senes of vessels, the vitriol 
diluted with the water contained m tho liquid 
hydrochloric acid has to be reconccntratcd to the 
original sp gr. The concentration is generally 
performed m long, lead bnck-lined pans, heated 
by top heat, the fuel gases being in direct 
contact with tho sulphuric acid This piocess 
IS used to a considerable extent, but fiorn tho 
large quantity of sulphuiic acid to be concen- 
tiated per ton of bleaching powder, a very 
material addition is made to the cost of mann- 
facturo 

Other contact fyut)stance<s — Many substances 
have boon the objects of proposals, some of 
which are inseparable from the manufactuto 
of chlorine from metallic chlorides, that is, from 
HOI m tho nascent state A general investiga- 
tion on the mutual action of HOI and O in 
tho presence of certain metallic compounds 
(of Ou, Ee, Mn, and C!r) was made by Lamy 
(Bull Soc. chim 1873, 20, 2) We must refer 
to the original, and will only mention that 
copper salts were found to be much more 
efficient than others, and that with these the 
decomposition is at its maximum at about 440° 

The proposals to employ ferric chloiide 
(Thibierge, 1855, and others) or ehromio oxide 
(Hargreaves and Robinson, 1872) have not had 
any practical success 

Nickel oxide was proposed by L. Mond 
(Eng. Rat. 8308, 188G) He passes HCl ovei 
heated NiO, when the chlorine combines with 
the base product is then in the same 

apparatus exposed to dried and heated air, 
whereby NiO is leformed and 01 is given off In 
order to increase the active surface, pumice 
stone IS impregnated with tho chloride, and 
after drying the mass is exposed to the action of 
the gases in cylinders made of earthenware or 
enamelled iron The gaseous HCl and air being 
previously heated, the retorts do not require 
very much additional heat from without, and 
therefore can bo made of a large diameter It 
IS claimed for this process that it converts the 
HOI completely into chlorine, and that impure 
HOI, which 18 unfit for the Deacon process, is 
hero quite suitable 

De Wilde and Reychler proposed (Eng. Pat. 
17272 and 17659, 1889) to employ a mixture of 
magnesium and manganese chlorides with 
magnesium sulphate. The reaction takes place 
in two stages. 

(1) Mn30«Mg3-f 16HC1 

'=:3MgCl2+3Mn04-|-8H20+4Cl 
(2) 3MgCl3+3MnCl3-l-80==Mn303Mg3-fl2Cl 

The process is not, as far as is known, actually 
worked. 


o 
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(c) The. electrolysis of metallic chlorides method 
— Recent years have seen a largo development of 
electrolytic processes for the decomposition of 
metallic chlorides, chiefly those of sodium and 
potassium into chlorine and alkali It was 
observed as early as 1800 by Cruikshank that 
on electrolysing a solution of common salt, 
caustic soda was formed at the negative pole 
Borzolius, Hisinger, and Davy all worked on 
the same subject, but a long time elapsed before 
their observations wore utilised in actual manu- 
facture 

The difficulties experienced m the electro- 
lytic decomposition of alkaline chlorides on a 
manufactunng scale have been first the cogt of 
the electric current which was absolutely jiro- 
hibitive until the dynamo-electncal machine 
had been so far developed as to bo a commercial 
reality, viz in 1872 by Gramme, and when it 
became possible to conduct olectiolytic experi- 
ments on the large scale over long periods of 
time, it was soon found that there were many 
and senous difficulties as the corrosion of the 
anodes, the evolution of gas from the cathode, 
the diaphragms were either excessively porous 
or not sufficiently porous, and they disintegrated 
rapidly, there were excessive resistances, volt- 
ages, and the generation of heat, and there wore 
secondary leactions, so that neither the 
chlonne nor the alkali metal product was 
obtained in the expected purity or quantity 

The various electrical processes suggOvsted or 
tried for the decomposition of alkaline chlorides 
are all attempts to overcome economically these 
difficulties 

Theoretically a current of 1 ampere liberates 
in 1 hour 1 323(5 grams of chlorine. 

The number of patents taken out since the 
year 1885 in connection with electrolytic colls 
for the production of chlorine, is enormous, 
embodying every variety of shape, design, and 
method of work Wo shall only deal with a few 
representative samples, illustrating the broad 
classes of design which have, up to the present, 
been used industrially on a largo scale 

In describing these developments of the 
electrolytic processes, and their effects upon 
Leblanc’s process, Lepsius in Berliner Bonchte 
(1909, 2915) says, with German pnde, that it is 
no wonder that the electrolytic process was 
first earned out in Germany, the richest country 
of the earth in salt and potash, and while he 
pities the fate of poor Leblanc, yet he concludes 
with characteristic Gorman military imagination 
and arrogance, that the bitter international 
struggle between the old process born in France 
and developed in England, and its two younger 
rivals, is now finished after the crippling caused 
by the Belgian rival. The Solvay Ammonia Soda 
Process, Iwauso there appeared a German nval, 
the electrolysis of the alkali chlorides, whose 
victorious conquest of the chlonne market and 
other successes caused such anmhilatmg wounds 
that the hundred-year old process was no 
longer able to stand 

Elerfroh/sis of 'Potassium and Eodinm Chlorides 

The cells may be roughly divided into four 
classes 

T The cells in which the electrolyte consists 
of the fused salt 

IX. 1 he cells in which the electrolyte is a 


salt solution, and in which the cathode and 
anode are separated by a porous partition 

III. The cells in which the electrolyte is a 
salt solution, and in which a moving mercury 
cathode is used to receive and remove the sodium 
produced. 

IV. The cells in which the electrolyte is a 
salt solution, and in which the caustic soda 
solution produced is only kept from mixmg 
with the brine undergoing electrolysis by reason 
of the greater sp gr of the former 

Glass I The Cell with the Fused Electrolyte — 
The best known examples of this cell are the 
Vautin and the Acker cell 

The Vautin cell (Eng Pat 13568 of 1893 and 
9878 of 1894) electrolysed fused NaCl or KCl, 
with or without the addition of fluoiides or other 
chlorides to lower the point of fusion, over a 
cathode of molten load or tin with which the 
sodium or potassium formed an alloy. {See 
paper by Vautin, J Son Ghem Tnd 1894, 448 ) 

The Acker cell is designed on the same 
principle as the Vautin cell and makes use of the 
lead cathode {see Eng Pat 6636 and 6637 of 
1898) Below is a sketch (Fig 7) of the Aker 



SECTION a b SECTION ceJ 
Fig 7 

cell, taken from a paper by J B Kershaw in 
Electrician, Oct 25, 1901 The bottom of the 
cell r IS tiough-shapod and of cast non It 
serves as electrical connection between the mam 
conductor and the mass of fused lead L rostmg 
on it The upper pait of the cell Q is con- 
structed of any refractory basic material not 
attacked by chlorine gas or fused salt The 
anode o is of carbon and dips into the fused 
salt Thi channels and subsidiary vessel r are 
arrangements designed to remove and decom- 
pose the load alloy as it becomes sufficiently 
saturated with sodium. The decomposition of 
the alloy is effected by blowing steam into it, and 
the lieat generated by the conversion of the 
sodium into hydroxide is returned to the cell 
and assists in maintaining the nccessaiy tempera- 
ture The voltage actually taken by the Acker 
cell is 6 75, and the current efficiency 54 p.c. 
(Report of Commission on Science and Arts, 
J. Franklin Inst. 1903, 156). The Acker cell 
was worked at Niagara Falls on an industrial 
scale, from about 1900 to 1907, when the works 
were completely burned down and have not 
been rebuilt. 
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Class II. The Porotis Diaphragm Cells . — The 
best known of the diaphragm cells is the Grie- 
sheim cell, which has been used on a very large 
scale in Germany, and also m Spam, France, 
and Russia. 

Fig. 8 represents the cell in longitudinal 
sectional elevation, Fig. 9 represents it in plan. 




j _ ■ j.— j 


and Fig. 10 represents it in cross sectional 
elevation The plate upon which the cell rests is 
shown by Figs. 8 and 10 to bo msulatod from 





the ground by wooden bars, this is so that a 
number of such cells may bo run electrically in 
senes. The containing bath kk. Fig. 8, kmk, 

■ Fig 9, M, Fig 10, 

-to 13 built of sheet 
iron, and its two 
=»i^ long sides are each 
covered with a 
steam jacket m, the 
object of which is 
to increase the 
temperature of the 
electrolytes and so 

^ toreduce their elec - 

trical ' resistance. 
The negative eloc- 
JL^X.|-i -J trical lead is at- 

, T ...1 t I I ~ i ■ tached to the iron 
bath as indicated 
Fig. 10. ky bindmg 

screw, lead and — 
sign on the right-hand side of Fig 8 The bath 
IS closed by a cover cut into segments and shaped 
so as to allow of the insertion of the five hanging 
iron cathode plates B, Fig. 10, and shown but 
not lettered in Figs. 8 and 10, and the six porous 
anode compartments a shown in each figure. 
Water is supplied to the tank k by a pipe (not 
shown), and by the electrolysis of the brine in 
the anode compartment is converted into a 


caustic soda solution and hydrogen , the caustic 
soda solution is drawn oil by the pipe under tlio 
centre of the tank shown in all the figures ; tlie 
hydrogen gas is led away by a pipe not shown 
to gasholdeis foi sulisequent use The anode 
compartments are composed of iron fiames 
covered inside with cement, in tin* frames are 
set and cemented the porous diaphragms m 
largo flat sheets These porous diaphragms 
were made by mixing cement, common salt and 
hydrochloric acid in duo piopoitions into a 
paste, and then forming into the shape required ; 
when the salt subsequently dissolves the dia- 
phragm becomes very porous 'J^he anode com- 
paitmenls contain the anodes, which were first 
the ordinary pressed caibons, then gas letort 
carbons, and then carbons jirepaied m a special 
anode woiks, wheie the large piessed plates 
were loasted at the highest temperature of a 
porcelain kiln These special anodevs had a life 
of twelve months The Figs 8 and 10 show 
them passing through the covers of the anode 
compartments, and the external electrical 
connections o. Each cover also contains a 
long tubular earthenware basket z, Figs. 9 and 
10, for the addition of solid salt and a pipe l. 
Fig 10, for the escape of the chlorine gas The 
covers on the bath, and on the anode eompait- 
ments, having been made gas tight by cement, 
all the anode connections arc electrically con- 
nected as shown in Fig 8, all the chlorine jupes 
are connected into a mam ll, Fig 9. and the 
elcctiical current may then be forced through 
the coll. 

When the process has proceeded so far that 
the cathode liquor contains about 8 p.c caustic 
potash or soda and about 14 p c. of the corre- 
sponding chloride, it was found that the chlorine 
gas contained several per cent of carbonic 
acid, and as this interferes with the use of the 
chlorine for makmg bleaching powder, and as 
the destruction of the anodes is too costly, the 
process is interrupted by stopping the current 
and lunmng off i<he cathode liquor ; the cathode 
compartment is then refilled with fresh brine 
and the current restarted The cathode liquor 
IS then evaporated in largo double or triple 
effect vacuum evapoiators until it contains 
50 p c caustic alkali, dunhg winch all but a 
small quantity of the accompanying chloride 
crystallises out and is afterwards returned into 
the process. 

The corrosion of carbon anodes led to their 
replacement by cast anodes of magnetic oxide 
of iron prepared by fusing ferric oxide m the 
elec ti 1 C arc furnace, whereby there is also a 
partial reduction. The anodes are difficult to 
prepare, but they have a good conductivity, 
and they last indefinitely With oxide of iron 
anodes there is no further tioublo fiorn carbonic 
acid, but the anode liquor then contains potas- 
sium chlorate which crystallises out and is 
removed periodically and utilised This output 
of chlorate can be increased at will b 3 '’ increasing 
the strength of the caustic alkali in the cathode 
compartment. 

These magnetic anodes were exported by 
Germany to Amenca, but when war was declared 
the supply was stoj^ped and a number of attempts 
were made to produce them in America. Their 
great drawback is their extreme bnttleness, but 
it has been found that this can bo reduced to 
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ono-half by suitable slow cooling or annealing, 
and that it can also bo reduced to one- third by 
tho admixture of about 5 p c of copper oxide, 
and by combining both modifications rods of 
3 9 cm. when supported at 17 8 cm apart 
require a weight of 119 kg in tho middle before 
they snap (Thompson and Atchison, Trans 
American Electrochemical 8oc 1917, 213 ) 
These cells in (Tnesheim absorbed from 1884- 
1892 400 h p , after which it was increased to 
800 h p , and soon after to 2000 h p , by 1894 
installations began to be erected elsewhere, 
Bitterfeld m Saxony, Westoregeln, Ludwigs- 


between the iron wire gauzes and the negative 
electric conductor. Two other sheets of thin 
iron are then similarly pressed against corre- 
sponding ledges provided m the base and 
uprights, but not shown in the figure, so as to 
make with the two ‘ diaphragm and cathode ’ 
plates two chambers maiked ‘ cathode cham- 
ber * in tho Fig Into the anode chamber is 
placed the anode built up of blocks of gas retort 
carbon on a central leaden coie and also the 
brine to bo electrolysed Into the cathode 
chamber no liquor as such is put, but steam is 
I blown m, which by heating the anode cell 


hafen, Lam otto in Franco, FIix m Spam, and 
Slawjansk in South Russia , by 1909 tlie total 
h j). absorbed by this cell was 33,000. (Lepsius, 
Rer 1909,2895) 

The II a) greaves -Bird Cell — Tho following 
illustration shows tho llargrcaves-Biid cell (Eng 
Fat 18871 of 1892; 5197 and 18173 of 1893). 
The peculiarity of this cell is that the diffusion 
of the cathode and the anode liquids into each 
other through the diaphragm, which takes place 
m ordinary diapliragm colls, is in this cell largely 
counterbalanced, as far as the diffusion of the 
cathode liquid is concerned, by employing a very 
considerable hydrostatic pressure on the anode 
liquid This electrostatic pressure is, however, 
not sufficient to force any notewoithy amount 
of anode liquid into tho cathode compartment 
because the diaphragm is m tho ordinary sense 
nearly liquor tight, but it is yet sufficiently 
porous to allow the cation, sodium, with its 
electrical charge to pass through under the 
driving force of the electric current The 
Fig. 11 IS a vertical and diagrammatic cross 
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Fig. 11 . 

section of the coll It shows two thick hnes 
marked ‘Diaphragm and Cathode’; each of these 
consists of a sheet of iron wire gauze on to one 
side only of which is plastered first a layer of 
asbestos pulp, and then a layer of Portland 
cement. The frame of tho cell consists of a 
long base shown in the figure and two uprights 
not shown in the figure, turning the cement sides 
of the two “ diaphragm and cathode ” plates 
towards each other they are so firmly pressed 
against cither side of the base and ufirights as to 
form a watertight cell marked ‘ anode chamber,’ 
at the same time electrical contact is made 


condenses as water on the cathode and so 
continually converts the sodium deposited by 
tho electric cm rent on the wire gauze cathodes 
and washes the solution of c«austic soda formed 
down to the bottom of tho cathode chamber, 
from whence it flows by tho trapped run-ofl 
pipes As it was found that a higher efficiency 
[ was obtained by passing also carbomc acid gas 
(the exhaust from gas engines) into the cathode 
chamber, the manufacture of caustic soda was 
abandoned and leplaced by the manufacture 
of sodium carbonate 

A papei on this cell, by Hargreaves (J. Soc. 
Chem Ind 1895, p 1011), states tho cm rent 
density as 18 7 amperes per square foot of 
diaphragm , the voltage required for tho 
preceding current as 3*4 volts ; tho current 
efficiency as 80 3 p.c , and that the resultant soda 
liquor contains per 100 molecules Na^COg, only 
3 0 molecules NaCl if ordinary care is exercised, 
but that it IS possible to reduce this amount to 
only 0 03 molecule The present working is 
understood to give a current efficiency of about 
90 p c , and to roquiie 4 volts per cell. 

The Townse7id Cell (Eng Pat 18403 of 1904) 
resembles the Hargreaves- Bird cell with this 
difference, that the cathode compartment is 
filled with kerosene oil which squegees the alkali 
as it 18 formed off the cathode, and thus makes it 
possible to produce chlorine and caustic soda in 
this type of cell without great loss of current 
efficiency Kershaw (Electncian, April 24, 

I 1908) gives the current efficiency as 90 p c , and 
I the voltage per cell as 4 7 In the Seventh 
I International Congress, 1909, 10, 30, Baekeland 
describes the result of 3J years’ work at Niagara 
with 1000 kilowatts , the old cells weie made 
for 2000 amperes, but new cells to consume 
four times this power wdl be capable of taking 
fiOOO amperes Tho current density per square 
foot of anode surface has also been increased 
from 100 amperes to 144 amperes Tho attack 
on tho carbon anodes requires the cleanmg of 
the cell in about 30 days, which ls a very simple 
matter, and tho graphite anodes are so arranged 
that they can be repaired, and are ultimately 
entirely consumed. Aluminium conductors last 
longer than copper conductors in atmospheres 
whore small amounts of chlorine are occasionally 
present. The hydrostatic pressure in the anode 
chamber is regulated so that with a cell using 
2500 amperes, the amount of liquor passing 
through the diaphragm is most advantageously 
24 litres per hour, which gives a soda liquor 
containing per litre 160 grm. NaOH and 200 grm. 
NaCI, and under these conditions the anode 
hquor contams but little hypochlorite and 
chlorate aqd consequently the chlorine has a 
satisfactory degree of punty. 
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The Finley Cell (Enc. Pat. 1716 of 1906) has 
a double diaphragm dividing tho anode and 
cathode compartments. Tho diaphragm is very 
open m texture, and the brme feed for tho cell 
IS run into the centre compartment between 
the two diaphragms, from where it passes out- 
wards on either side to tho anode and cathode 
compartments. In this way, an additional 
obstacle, depending fur its strength on tlio 
speed of feed of the biino, is intei posed to 
prevent intermixture of the products of the 
electrolysis. 

The diaphragms are made of asbestos 2-3 
mm thick, and tlie compartments are also only 
a few mdlimetros thick, tho diaphiagms and 
flames aio bolted together in any number after 
tlie fashion of a hltei pi ess. (Seventh Inter- 
national C'ongrcbs of Aiiplied Chemistiy, 1909, 
X. 42 ) 

Class HI. The cells in which llu elect) olyle 
IS a salt ^solution, and in which a movinq men my 
cathode is used to receive and lemove the sodium 
produced 

Tho mercury cathode foi tho piepaiation of 
alkali metals was hist used by Davy , it was 
desciibed in an application foi a patent (Eng 
Pat 4349 of 1882) by Nolf It is mentioned 
again in Herimte’s patent, 3957 of 1886 Euithci 

i iatents doaciibmg its use are Heimito and 
luboso, Eng Pat 21959 of 1891 , Cioenwood, 
Eng. Pat 5999 of 1891 

The general prini iplo of these cells is that the 
electiolysia takes place between an anode above 
and a cathode of meicuiy veitically below Tho 
chloiino liboiatcd natuially uses upwaids and 
out of tho solution, and tho sodium or potassium 
fiecd combmos with the meicuiy to foim an 
amalgam The amalgam, when sulhciently 
highly saturated with the alkahno metal, is re- 
placed by flesh mercuiy and tho amalgam itself 
doeomposod by water, with tho liboiation of 
and the formation of a caustic alkaline solution 
'I’he eurront elficieney of the modem mercury 
cell is stated to bo not less than 90 p c , and the 
voltage leijuiied 4 3 volts 

Professor Lopsius (Pei 1909, 2903) enume- 
lates the following advantages and disadvan- 
tages of tho meicuiy cell as compared with 
tlie diaphiiigin cell — 

The advantages of the meieury cell arc 
(1) tho puiity of both tho chluiine and tho 
caustic alkali produced, which arc veiy im})ortaut 
advantages , (2) the compaiatively high con- 
centration of tho caustic solution ; (3) the high 
curiont ofhciency. 

The disadvantages of the mercury coll arc ; — 
(1) tho higher voltage, 4 3 volts as against 3 5 
volts in tho diapluagm cell ; (2) the cost of the 
mercury, of whi(;h 72 tons are lecpiiied foi a plant 
utilising 6000 h p , (3) the greater cost of 

installation apart from the (piestion of tho 
mercury 

Tho various patents taken out and cells 
suggested diller chiefl^’^ in tho method adopted 
for the movement of the mercuiy To Castner, 
however, belongs the chief credit of making tho 
mercury cell technically successful. 

Castner's Hocking Cell — Castner (Eng. Pat 
No. 16046 of 1892) employs a moving mass of 
meieury, connecting uj) the anode and cathode 
chamber. Patent No. 10584 of 1893 makes the 
movement of the mercury by a rodking motion 


of the cell, see Fig 12, which lepiesoiits tho 
original rocking coll a is tho cell divided into 



three compartments, arul resting on the nght- 
hand side on adjustable knife edges u The left 
hand side of the cell rests on an eccentric, c, ic- 
volving on a sJiaft; this gives the rocking motion 
Tho two outer or anodo compaitmcnts have 
car bon anodes and are Idled with saturated biiiie, 
tho centre compaitment contains iron cathodes 
and IS filled with NaOH solution A layei of 
meieury, about | inch thick, lies on the bottom 
of the cell and alternately Hows from lirst one 
and then the othoi anodo compaitment into and 
through the cathode compartment into tho 
other anode compaitment 'khe chlorine libo- 
latcd m tho anode compaitment is cairied away 
by pipes 1)0 

(Jastner, in the ChetniLdl 'I’ladc Joui nal, 1894, 
211, stated that the icsiilts of 1 week’s woik on 
a unit of 28 working cells, arianged in two parallel 
scries of 14, gave a yield of 930 lbs cldoiine ami 
1120 lbs, NaOH per 24 houis , the amperes used 
averaging 571, and the volts 55 1 or 3 9 per ( ell 

In 1895 the Castner Kellner Alkali Co was 
formed to woik this cell. Wt)iks weie erected 
in Runcoin wnth 1000 li p , and other similar woiks 
were soon erected abioad, vi/ at Ostormeuburg 
neai Bornburg with 1500 h p by the Deutsche- 
Solvay Werke, at Augsbuig by Mcistoi Lucius 
cV Binning, at Jemappes near Biussels with 
1000 h p , at Liubimow m Russia, at Jaice in 
Bosnia with 1300 h p , and at Niagara Falls, 
N America, by the Castner Electiolytic Alkali Co 
in 1901 with 6000 h p (Lepsius, Ber 1909, 2903 ) 

Kcllnei Pressure-displacement Cell — In tins 
cell the chloiine compaitment is placed in the 



Fio. 13, 


ceiitio of the cell and on either side of it is a 
caustic compaitment, each of which is provided 
on its fuithei side with a recess, dd, which forms 
tho alternative receptacle for tho mercury. In 
these receptacles are immersed pressure vessels 
open at tho bottom and connected at their tops 
to compressed air supplies which are automati- 
cally so regulated that tho mercury is forced to 
move continuously from side to side by com- 
pressed ail. 

Above (Fig 13) is a sketch which shows the 
construction and working of the cell, taken from 
the Ohemiker Zoitung, Oct. 30, 1909. 
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The anodes are platinum gauze of which Oxford Paper Co., Rumford, U.S.A., and is de 
1 gram is made to cover four square inches, and scribed m Trans American Electroohem. iSoc., 

are placed m a cement box which has proved 17, 327 (1910) 

more satisfactory tlian the stoneware jars The new Castner- Kellner Cell differs osson- 
formcily used Each cell con tarns six electrode tially from the Kelliier-Solvay coll only m the 

boxes, and each box holds 88 pieces of platinum method of conveyance of the mercury, which, 

gauze. The c.ithodcs are cast iron, cast in grill ‘ in this case, is effected by moans of an Archi- 
shape, and the primary battery, sodium amal- median scicw Taussig, Zcit. fur Eloktrochomio, 
gam — caustic solution — non, acts independently ' 1909, 059 

of the mam (.uireiit through the chlorine cell, (’lass IV The Specific Cravity Cell — ^Thobost 
and also regulates itself The current used is known cell of this typo is the so-called ‘ Clocken 
4000 amperes per coll Cell,’ patented by thcOesterroichischer Verem fur 

The gicat advantage of this cell is tlio high- Chomiseho und Mctallurgibcho Produckte, and 
euiient density winch has resulted in consider- from 1901 workmg on a large scale at Aussig m 
able reduction of plant Bohemia, Berlin, and Htassfurt 

The Kellna -Solvinf Scoop Wheel Cell — ^This Eig lb is a diagrammatic sketch, m which A 

coll consists of two slanting troughs communi- is the anode and k the cathode, separated by 

the non-conducting and impervious walls d, e 
of the bell G 'I’ho bath w is filled with salt 
solution, which enters at L and overflows at 
the pipe K The ehloime escapes at c. Those 
walls are letjuiied to keep the ascending current 
of hydrogen gas aiising fiom k quite distinct 
and separate from the ascending cun out of 
chlorine gas arising from a I’hc anode and 
, cathode aie both situated in the upper paits 
Eia 14. I of the electrolyte, and these paits aio greatly 

] agitated by the ascending gas bubbles — but 
eating With one anothei at each end, in which j the lower portions of the clectiolyte aie almost 
tilt mcicury is kept in constant circulation by ' entirely stagnant and seive only as a moans of 
a rotating scooped wheel jilaced between the ' conducting the electru cuirent fiom the anode 
two troughs at the one end This coll is built j to the cathode. As the brine aiound the anode 
in very laige units, taking up to 10,000 amperes, loses a poition of its chloiine by est ape of the 
and it IS said that a 15,0(K)-ampere cell is well j gas, and loses a coiiespondmg jiortion of its 
witliin the bounds of posMbility j Hodium by clcctne migiation of the cation Na' 

Iig 14isadiagiammaticsketchof the chlorine , towards the cathode, tins layci of iKjuid becomes 
side of the cell, n being the meicuiy inlet and d | (ontmually lower in sjiedfie giavity .tiid would 
the outlet for the amalgam , tlie scooped wliecl ultimately lose all its dissolved salt were it 
IS, howevei, not shown, neither is the caustic i 



side of the cell 

Whiting (Jell — A cross sectional view of this , 
coll IS shown m Fig 15 The iight-hand side 
shows in the uppci portion the (.ement eovci ; 
with its attachedgiaphite anodes and connections 
being lowered into the biino cell below, which 
consists of a number (say five) of separate com- 
paitments From each of these m tuin, and at ' 
intervals of two minutes, the mer- 

cury amalgam is entirely emptied 

by the automatic lifting of popfiet , 

valves, which are opeiated by the f r T — O 

little sliaft and earns shown above . 'J 

the <^ells towards the left, and 

the lupiid amalgam runs over the ^ 

giapliite plates lining the three- ^ ^ 

fold zie-zac lunway shown on the * 11 

left of the figure ; these plates / 

and the amalgam bemg immersed j 

m water act as a primary cell j 

and generate caustic soda solu- / 

tion, hydrogen and pure mercuiy. I 

The mercury next reaches the j 

scoop wheel and by arrangements j 
not shown in the figure is lifted ~ If 
and flows to the right side of the 
figure, whence it enters each cell 






Fio 15. 


in rotation The ebb and flow of the mercuiy 
IS used to admit fresh brine supphes to each 
compartment. This complicated arrangement is 
made to jircvent the unequal flow of mercury 
and the formation of sodium amalgam of exces- 
sive strength. The coll was operated at the 


not for the constant feed of fresh bime at l ; 
the quantity of this feed is such that it is only 
partly able to counterbalance the reduced 
gravity On the other hand, the sodium 
liberated on^tho cathode forms with the adjacent 
brine an mtensely strong film of caustic soda 
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solution, which falling by its high specific 
gravity into the lowest part of the cell forms a 



heavy layei tlioro which is scarcely (listuibod 
by the slow cuiicut of weak biino fiom the inside 
of the bell trickling past the edges of the bell 
to be paitially (onveited into caustic soda and 

hydiogen beloie 




it p<iss(\s away by 
the exit pipe f 
F igs 17, 18, 

and 11) are dia- 
giains of the ac- 
tual cells , Eig 
17 being a cioss 
sectional oleva 
tion , Fig 1 8 a 
plan, and Fig 19 on tlio left-hand side a 
longitudinal sectional elevation of the bell and 
its attachments, and on the right-hand side 
a CIOSS sectional elevtilion ol the same The 




outer containing vessel is seen to contain two 
lodges to cany the bells, of which theio are a 
gloat number in each cell The junction of the 
anode with its conducting stem is badly shown 



m the figures. The brine supply is different 
from that shown in Pig Ifi. for, to prevent the 
agitation of the electrolyte by the inflow of brine, 
the supply pipe is made to traverse the whole 


length of the anode, its two ends are closed and 
the brme escapes by a number of small holes 
along its upper side. The mam portions of the 
cathode are best seen on the right-hand poition 
of Pig 19 at X. The chlorine passes from bell 
to bell by the eonnectmg arms shown m Fig. 18, 
and then makes its exit from some particular 
bell by the larger pipe shown in Pigs 17 and 19, 
but not shown in Pig. 18. The electrical con- 
nections are mdicatcd diagrammatically in 
Pigs 17 and 19 only Each boll takes about 22 
ampeies at 4 volts (Lepsius, Bor. 1909, 2904 ) 

Eletlrolybis of Ztnc Chloride — The waste 
calcium clilondo from the ammonia soda 
process has been utilised smce 1897 by Biunner 
Mond and Co , of Wmnmgton, as a source of 
j chloiine By heating the liquor with ciude 
I zinc oxide and caibon dioxide the leaction 
CaCL+^nOd-C(J^ = ZiiCl^-f CaCOg takes place, 
or by treating it with native zinc caibonate 
(calamine) the loaction CafJl^-f ZnCOg— Zn(d^ 
The filtcicd solution of zinc ihloiido 
is ficed fiom its impurities (amongst which is a 
not mconsidei able amount of cadmium) and the 
resultant solution is olectiolysed witli caibon 
anodes and ciicular levolving cathodes that aio 
only paitially immeiscd, topioduce chloiiiK* gas 
ami an exceedingly puio metallic zinc Many 
of the details aie due to C Hopfniu (But Pat 
11724 of 1891, and J> li P 85812 of 1895) 
Pullei details aic given m two volumes of 
Monogiaphien ubci angewandte Elektiochemie, 
namely — Die Darstellung des Zinks auf tdektio- 
litischom Wege, Cunthei, 1904, 99-180 and 
Die clektiochemische und elektiometalluigische 
liidustiie Giossbntannions, Keishaw, 1904, 
108 , and also iri Ajiplied Electro-Chemistry, 
Allniand, 1912, 280 

(d) PropodaU (ind non- impo) tout naihods for the 
man n fad arc of ('hlo)ine — Many processes have 
been proposed and tiled for utilising the lesidual 
ammonium chloiido, or the residual calcium 
chloiide of the ammonia soda process, but with 
the exception of Hopfner’s zme chloride method 
just picviously desciibed, none are now in use 
Many othoi processes have also been tiied for 
piepaiing chlorine from various sources and in 
vai lous ways, but have been abandoned Some 
of these old methods aie enumerated below , 
fuller iiifoi illation may bo obtained from Lunge's 
8ul])huii< Acid and Alkali 

I Chloiine fram ammoumm chloride — The 
most jicrsistent ofioits for the direct nianu- 
factuie of chloimo fiom were made by 

Moml, who took out the English patents Nos 
05, h(>, 1049, 8238, 8308, of 1880 , 10956 and 
17273 of 1887 , 2100 and 2575 of 1889 Ai tides 
dealing with tlie Mond process are found m 
J Soc Chem Ind 1892, 400 , 1893, 10 , and 
1893, 03 There was also a proposition from 
the Verein Chemischo Fabrikeii of Mainz (Eng 
Pat 3322 of 1880) 

2. Chlorine from CaClg. — Persistent efforts 
for the diiect recovery of the chlorine in the 
CaClg produced in the ammonia stills of the 
ammonia-soda process were made by Solvay : 
Patents 77 and 171 of 1877 , 838 of 1880 , 7258 
and 7259 of 1884; 8724 of 1886; 13389 of 
1886 ; 18574 of 1888 Other patents : Twy- 
nam’s process (Eng. Pat 731 of 1885) ; Bram- 
loy’s process (Eng Pat. 8289 of 1887) , Lyte 
and Steinhart (Eng, Pat. 21225 of 1890) 
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Odonnt from magnesimn chloride, — Many 
efforts wore made by Weldon to j)roduco chlorine 
direct from MgCl^ ; his patents are : Eng 
Ft 665 of 1868; 967, 968, of 1881; Weldon 
and Pechmey, 9305, 11035, of 1884; 14663, 
14654, of 1887 Detailed description of the 
Weldon-Pechiney ex jicri mental plant at Sahn- 
dre, IS given by Dewar (d. Soc. Chein Ind. 1887, 
775) Other patents are Wilson (Eng. Pat 
3098 of 1885) , Oamble (Eng Pat 1 1581 of 1888), 
Lyte and 'Patters (Eng Pat 17217 of 1889), 
vSchlosmg (Eng Pat. 11821 of 1887 , 11469, 
11470 of 1891) {^ee also Eschellmann, J. Soc 
Chom Ind. 1889, 2 , comp ibid 100 ) 

Chlorine 'produced b\f 'passing HCl gas over 
heated peroxide of iron oi manganese is the 
subject of a i)atent by H Hums (No 15448 of 
1886). 

Chlorine by permanganates has boon the object 
of patents by Tilghman (1847), Condy (1866), 
Tessie du Motay (1871 and 1873) 

Chlorine pom chronmle^ and HCl has boon pio- 
posed by MacDougal and Kawson (1848), Poligot 
(Ann Chim Phys. [ 2 j 411, 267), Gentele (1861), 
Shanks (1858), Claus (1867), Aubeitin (1873) 
Chlorine by heating rnctallic Oiloridis with 
MnOj and H 2 SO 4 was patented by Bmks in 
1853 

Chlorine bg the assistance of nitric aetd or 
mtfates — 13aggs and Simpson (1864) proposed 
making chloiino from agua leijia Dunlop 
( 1847) patented the piepaiation of ( hlorme along 
with nitious add, by lieating together common 
salt, sodium nitiatc, and sulphuric acid, the 
nitious acid is absorbed by vitiiol and the 
chloiino IS jiassed on to bleaching-powder 
chambers This process was working for many 
ears at 8 t llollox ; it was patented again 
y Roberts and J )ale m 1 868 , and a patent 
running on similar lines is that of J Taylor (No 
13025 of 1884) Other processes employing 
nitrates or nitric acid, which have not had any 
practical success, are those of Banks (1839), 
Tessio du Motay (Bull vSoo chim 22, 48), 
Schlosmg (Compt. lend 55, 284) The later 
patents are those of Donald, Eng I’at 62 of 

1887, and Just, Eng Pat 14857 and 14859 of 

1888, Davis, Eng Pat. 6416, 6()98, and 6831 
of 1890, Wallis, Eng Pat 13822 of 1892, and 
Krause, Eng Pat 16227 of 1894. 

Chlorine Liquid — Liquid chlorine was first 
obtained in 1805 by Northmore The pure gas 
can be condensed to a liquid at atmospheric 
temperature, 15“, by a pressure of six atmo- 
spheres, or at atmospheric pressuie by reducing 
Its temperature to —34° If the gas is not 
pure it requires higher pressures or lower 
temperatures to liquefy it 

The first to prepaie it commercially was 
Kmetsch of the Badische Amlin und Soda 
Fabnk m 1888 The English Patent 13070 of 
1888 records that the ordinary metals withstand 
the action of chlorine gas piovidod the gas be 
dry, so that cast iron, wrought iron, steel, 
phosphor bronze, brass, copper, zinc and lead 
may be used for making apparatus for deabng 
with gaseous and liquid chlorine The resist- 
ance of ordmaiy metals to attack was evidently 
not sufficient tor the manufacture of a pump 
with moving metallic jnston or plunger, for the 
patent desciibes two pumps each with a moving 
piston of concentrated sulphuric acid to confine 


and compress the chlorine gas contained in one 
limb of a U-tube, while the upper part of the 
other limb contains another liquid like paraffin 
oil in which pressuie is exerted cither by an 
external pump filled with the same liquid, 
Eig 20, or an internal plunger a. Pig 21 In 
the fiist figure the gas valves d and c are shown 



external and aie actuated by hand In the latter 
figure the valves aie internal and aie actuated 
by then own weiglit and the piessures of the 
gas, tlio inlet valve sits on tlie top of the pipe F, 
the outlet valve sits on the top of the pipe 
opening into the bottom of the chamber d To 
ensuie that the whole of the gas is swept out 
of the compression chain bei a small pipe with 
an external controlling valve is aiianged be- 
tween the chamber d and the compression 

c }i a m b c r so 
that on each 
suction stioke 
apoitionof tho 
acid inn cntcis 
tho compres- 
sion chamber 
along with tho 
gas fiorn F, and 
on each pics- 
suio stroke fust 
chlorine gas 
E and then a little 

sulphuric acid 
^ passes the auto- 
matic valve m 
tho bottom of 
D To prevent 
intermingling 
of the paraffin 
and acid the 
Fig 21. pumj! limb in 

Fig 21 18 en- 
larged m diameter at b. To prevent the possi- 
bility of gas bemg liquefied in the compres- 
sion chambers, these are heated by an external 
jacket as around b m Fig. 20, and as e,g m 
Eig 21 The compressed gas on leaving either 
form of pump is liquefied in a cooler, as G m 
Fig 20, and then runs into the collecting vessel 11 
in 1909-10 tho manufactuie was started in 
tho United fc^tates of America. With minor 
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alterations Knietsch’s process is still used though 
it had its difficulties The Metallurgical and 
Chemical Engineering of 1916, 1,215, states that 
liquid chlorine is now made almost entirely from 
electrolytic clilorm6, and that Deacon chlorine 
IS no good for the purpose unless it is first 
stiengthened, as by extracting the chlorine with 
stanmc chloride as proposed by Goldschmidt 
Starting with a gas supply of 97 to 08 p c 
purity the uncondensable blow-off gas still 
contains 55-65 p c chlorine, and this is absorbed 
in bleach chambers. 

As already stated pure chlorme can bo 
liquefied at atmospheric pressure by reducing its 
temperature to —34° The Linde Co , of 
Germany, have introduced the process of simply 
cooling the chlorine gas to — 45° without 
applying any pressure, but they are said not to 
liquefy so high a percentage of the gas as the 
older process In 1911 Blucher's Modem In- 
dustiial Chemistry states that it was becoming 
moie and moie general simply to cool the chloiine 
gas in refrigeiators so that it liquefied at normal 
picssuios 

TMie liquid is supplied in steel cylinders or m 
tank cais holding several tons 'fhe physical 
properties of the liquid were determined by 
Knietsch (Liebig’s Ann 259, 100; the Eifth 
International Chemical Congiess , Zeit f (kmip 
u llussige Gase, 1904, 71), and ceitain of 
them have been confirmed by Lange (Zeit f 
Comprimirte und llu&sige Gase, 1901,39), who 
showed that the thermal coefficient of expansion 
rises steadily to 88° when its value is 0 003()6, 
that 18 the same value as is given by ordinary 
gases, and that above that tempeiatuie the 
liquid expands moie rapidly than the gases , 
he also siiowod that wliereas liquid chloiine 
does not act upon non at any tempeiature up 
to 83°, yet at 96° theio is a small action , for 
these soveial leasons a cylindei of ohlorino 
filled in the ordmary way begins to become 
unsafe when heated to 90° 

A'pph(atio)is of Chlonne . — It is used for 
the extraction of gold from its ores, and much 
work has been done on its use for extracting 
copper, lead, and zinc fiom mixed ores It is 
used for con vei ting ferrocyamde into fern- 
cyanides , manganate of soda into tlio per- 
manganate, ferrous chloride into feme chloride, 
and was used for conveiting alumina into 
aluminium sodium chloride , conveiting tin 
into stannic chloride eithei from puio tin or 
from sciap tinned non, after which the lesidual 
iron can bo again smelted for metallic iron , 
this Goldschmidt process of detinning con- 
sumed large quantities of chloiine m Germany 
and led to the preparation of liquid chloiine m 
the Umted States of America when a plant m 
Chicago was installed in 1911 to treat 40,000 
tons of tin scrap pei year It is used along with 
electrolytic hydrogen foi propaimg hydrochloric 
acid m Germany and Amoiica It is largely 
used for purifying drinkmg water, the liquefied 
chlorine being extremely handy for this purpose 
as the supply can be automatically regulated in 
any proportion to the amount of water passing 
m the mams, and a summary of the woikdone 
on gaseous chlorine as a disinfectant is given 
by Clayton (Journ Soc Chem Jnd., 1896, 320) 
When used for bleaching it may be absorbed m 
caustic alkali to make the correspc*iding hypo- 


chlorite, or it may be absorbed m sodium 
carbonate solution to make hypochloious acid 

Na^COa d- Cla 4- H2O = II OCl -|- NaHCOa +NaCl 
which acts approximately twice as energetically 
as the corresponding amount of neutral hypo- 
chlorite 

It is used for conveiting carbon disulphide 
into carbon tetiachlondo and sulphur chloride, 
and foi preparing the lattei direct liom sulphur , 
for conveiting bon/cne into monochlorbcnzene, 
dichlorbenzones, and trichloi benzenes, acetic 
acid into mono( hloracetic acid, toluene into 
benzylchlotide, bcnzylcne dichloiide, and beii- 
zenyl tiicidoride, and alcohol into chloral In 
all these reactions the hydiothloiic acid simul- 
taneously foi mod IS condensed in water and a 
very pure miiiiatic acid is thus obtained 

It IS combineil with acetylene to form tetia- 
chlore thane, and fiom dciivatives of this it is 
used to form pentachlorethane and tetraihlor- 
ethone , with carbon monoxidi* it is combined 
to form carbonyl chloride, with sulphur dioxide 
it IS (.ombnicd to foim sulphuiyl chloiide 
(Ullmann, Ghemischo Industnc, 1908, 405) 
Other uses of eldonno a 10 foi cliloi mating 
anthracene, anthraquinone, the crcsols, benzoic 
acid, the xylenes, isoamylchloiide (Perkin, Journ 
iSoc Chem Ind 1912, 616), foi the preparation 
of acetyl chloride, and of acetic anhydride 

Many of the above uses of chlorme have been 
developed because of the necessity of finding 
now outlets for the enormous quantities of 
chlorine produced in recent ycais by the clectio- 
lytic pi o< esses foi piepaniig caustic potash and 
caustic soda 

'riio poisonous p]0])cities of chloiine gas were 
(list used m waifaie by the Geiinans In Apiil, 
1915, near Ypres, a German dcseitor m the 
Ypies salient gave warning ot the fiist attempt 
to use poison gas in moflein waifaie No one 
believed him , but a week Litei the enemy 
launched his lust attack with chloiine gas 
against our unprepari'd and unprotected tioops. 
The gas was libciated from evlmders containing 
40 lbs ot liquid chlorme The Geiman war of 
Tiightfulness w<is made to include chemical 
1 rightfulness Piotection against the chloiine 
gas clouds was obtained by a helmet consisting 
of a llanmd bag soaked in a solution of sodium 
thiosulphate and sodium carbonate, and con- 
taming a mica window ( Be van, Journ Soc Chem 
Ind 191 (), 651 , JSelf, Jouin Soc Chem Ind 
1915, 868) Since then the Germans have 
used a number of gaseous chloiine compounds 
as poison gases, as phosgene COCLj chloro- 
picirn CCl3(N02), trichloi omcthylchloiofoi mate 
CICOOCCI3, “mustard gas” cbchlorodiethyl- 
sulphide (011201*011)28, phcnylcarbylamme 
chloride, diphenylchloi arsine, dichloromethyl- 
other, chloroacotone, chlorosulphomc acid, 
methylchlorosulphonate (Journ Soc Chem 
Ind. 1918, 127 R, and Tone, Metallurgical and 
Ohemical Engineering, 1918 [2] 357). Shame to 
their boasted Kultur ' 

In the following pages are desciibed in detail 
the applications foi tlie manufacture of bleaching 
powder, liquid chloride of lime, calcaum hypo- 
chlorite crystal, potassium hypochlorite solution, 
sodium hypochloiite solution, sodium hypo- 
chlorite crystal, potassium chlorate, sodium 
chlorate and hydrochloric acid. 
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Chloride of lime or bleaching powder* By 

far tho greatei part of tho chlorine produced 
on a manufacturing scale is converted into 
chloride of hme or teaching powder. 

In 1799 Charles Tennant took out a patent 
for absorbing chlorine by diy hydrate of lime, 
and the compound thus formed, ‘ bleaching 
powder,’ was sold, by the St. Rollox Works, 
established in the same year, at 140/. per ton. 

Composition of Bleaching Powder — This 
substance being originally supposed to be a 
direct compound of chlorine and lime received 
its ongmal name of chloride of lime; but m 
1835 Balard propounded the theory that 
bleaching powder was a compound or mixture 
of equivalent proportions of calcium hypochlorite 
and chloride 

(Ja(OCl)i-fCaCl, 

mixed mechanically with a residue of calcium 
hydroxide 

In 1842 Gay-Lussac suppoited thcHc views. 
Subsequently Odling, Lunge, Schappi and 
Naef showed that CaCL as such does not 
exist in bleaching powdei, as it cannot be 
extracted by alcohol, etc , and they theie- 
foro proposed the constitution ClCaOCl, and 
the full foimuLi foi bleaching iiowdei may 
f Cl 

then be wiitten Ca|Q^|-f H2G Ftec Inno is 

<dways piosont in commeicial bleaclnng powder 
because it is only guaranteed to tontain 35 p c 
of available chlorine, and stops aie taken not 
to let tho chlorine exceed this amount essentially , 
bleaching powder can experimentally bo made 
much stiongei than 35 p c So much so that 
any attempt to exjness the free lime as an 
essential component is evidently fallacious 

Preparation of Lime for Bleaching Powder — 
The limo required for the manufacture of bleach- 
ing powder must bo from as pure a limestone as 
possible and must be well burned Among tho 
most suitable limes for bleaching powder is that 
used in Lancashire, and made by burning the 
Derbyshire Imiostono in the district round 
Buxton. The average composition of this lime- 
stone IS ; 


CaCOa . 

. 98 9 

MgCOg . 

. 0 29 

Fe/lg . 

. 0 17 

Insol. etc 

. 0 35 

H,0 . 

. 0 05 


99 70 


'I’he burnt lime was until recently slaked by 
spreading it on a brick floor, sprinkling it with 
water and turning it over with a spade till it 
has completely fallen to powder, aftt*r which 
it 18 allowed to remain in a heap for 10 hours, 
and the slaked lime is then passed through a 
wire sieve of 12-18 wires to the lineal inch by 
the aid of rotating cylindrical sieves The 
operation of hand slaking gives rise to a con- 
siderable amount of heat, steam and dust which 
being unconfined are very trying to the workers, 
who protect themselves with muzzles and 
goggles 

For this reason slaking apparatus have 
recently been introduced whereby the opeiation 
IS entirely mechanical and the apparatus is 
entirely enclosed and properly ventilated, so 


that not only are steam and dust prevented 
from escaping but labour is also saved. 

The slaked hme as used for bleachmg-powder 
manufacture con tarns about 25 p.c. HgO, and 
should not contain more than 2 5 p.c CaCOg. 

The Bleaching -powder Chambers . — The appa- 
ratus in which the chlorine is brought into 
contact with tho slaked lime varies with the 
concentration of the chloinio gas to be treated. 

With highly concentiatod chlorine gas of 
85-90 p c. cliloiino chambers of large size are 
used, namely of about OJ foot in height, so 
that a man can work inside them, of a width 
of fiom 10 to 20 feet and more, and up to 100 
foot long Their sides and top aio usually 
made of about 5- or (5-lb sheet lead, fastened by 
external lead straps on an external timber 
framewoik, exactly like vitriol chambers 

The fiooi is made of largo stone flags, or of 
coal-tar asphalt, the joint between the sides 
and the edge of the floor being specially pro- 
tected by a skirting and asphalt poured behind it. 

Tho chambeisarolitted — with douis at each 
end, so as to ventilate tlio eliambei when it 
IS being eliarged or discharged (generally made 
of lion piotected by paint) , with glass panes 
III two opposite sides or ends foi observing the 
colour of the gas , with ‘ lutes ’ for introducing 
tlio gah, with other lutes in tho loof of the 
cliambeiH for the exit of tlie unabsorbed gases , 
and with some contrivance for lenioving the 
gas remaining at the end of the operation 
(e (tip a). 

»Somotimes tlio chambers aie not elected 
on tJie ground- level, but ujion pillais, like 
vitiiol chambers, leaving about 10 feet of clear 
space fiom tho ground in this case the packing 
of the fimslied bleach into casks can bo done 
by means of tiap-doois m tlie ciiambei floor, 
with wooden hoppois attaclied underneath, 
below whicli tho casks aio placed, tho bleach 
being pushed down into them from above by 
means of wooden rakes 

8uHicient slaked liino is wheeled into tho 
chamber to make a uniform layer of 3 to 4 
inches, and the piles of lime aio then spread 
by shovel and a oig wooden rake with a plain 
blade fiom which stick out below two long 
gauging spikes and with this tho lime is very 
cjuiekly spiead into a perfectly oven layer of 
tho flesiied thickness In order to assist 
absorption tho surface of tho lime is drilled 
into fuirows by a lake similar to that described 
except that tho lower edge is provided with 
deep notches about three inches wide and the 
same in height ; tho ineroasod late of absorp- 
tion IS caused not so much bv the extra surface 
exposed to the chlorine as by tho continuous 
draught of gas thn^ugh the ridge resulting 
from tho gas m tho furrow (chlorine) being 
heavier than the gas in the ridge (the residual 
air from tho not pure chlorine). The chamber 
doors are then closed and the joints made gas- 
tight with hme putty or with a luting made ol 
tar and china clay 

The ‘ gassing ’ of the chambers is done 
either singly or m senes, the former being the 
old method 

2' he Bingle-chamber Method — A small lute 
m the top of tho chamber being opened, the gas 
connection opened, and through the smal 
windows the heavy chlorine could be seer 
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fallmtv to the bottom of the chamber, and tliore 
vanishing. As tlie formation of the bleaching 
powder proceeds the gas spreads further, forms 
a layer all over the limo, the layei increases in 
thickness and presently chlorine begins to issue 
from the open lute, which must then be closed 
and the chJonno main connected to another 
chamber, without however shutting the gas oil 
from the hist chamber, which thus continues 
to receive a ceitam amount of chloiine. After 
a shoit time the gas inlet to the first chamber 
18 closed, and the chamber is left to itself for 
12 to 24 hours, when the gas becomes pale in 
colour or colourless. 

It IS difficult to get full-strength bleach by 
one operation ; there is always a superficial ciust 
which gieatly hinders the jionctralion of the gas 
It IS, therefore, necessary to tuin the stuff over 
with spades, and treat again with chloiine. 

The opening of the chamber doors for this 
purpose was formerly one of the most awkward 
operations m an alkali woiks, as a nuisance 
was caused not only in the works but sound lines 
at a distance of a mih' or two, and on occasion 
has been so intolerable as to have produ(A‘d 
fatal effects The matter is now undei the 
Inspector of Alkali, c'^c , Woiks The gas in 
the chamber must, before any door is opened, 
be tested by drawing a sample fium the exit 
end at a height of not moio than two feet above 
the chamber floor. 

For testing the sample, several kimls of 
apparatus have been proposed e (j that of 
Ballard (2lst Kepoit on Alkali, , Woiks, 
37, 22nd do 55) and of 8taik (J Hoe Cbem. 
Tnd. 1885, 311) Ballaid’s apjiaratiis consists 
of a cvbndiical glass jai, closed at the top by 
an mdiarubber coik, thiough which the noz/lc 
of a 4*oz enema ball (finger puffip) passes, as 
well as an elbow tube leaching down to the 
bottom The lower end of tins tube is closed 
at the lamp, so as to leave an opening fine 
enough for a needle only to pass thiough The 
hoiizontal branch of this tube is mseited in the 
side of the chamber at a point about 2 feet 
fiom the bottom Wlien compressing the ball, 
the air is driven out by a small hole made in 
the nozzle just above the cork , this is now 
closed by the finger, and on relaxing the pressuio 
the ball will expand, and will cause 4-oz 
measures — that is, cubic foot — of 

chamber air to enter into the jar and bubbles 
throiigli the test solution contained therein 
This IS continued till the end of the reaction 
IS indicated by the test liquor turning blue 
The liquor consists of 3 485 grains of arsenious 
acid, dissolved in sodium carbonate and rendered 
neutral by sulphuric acid, to which is added 
250 grains potassium iodide, 60 grains pre- 
cipitated chalk, 10,000 grams water, 0-10 drops 
ammonia For each t»est 400 grams are used, 
adding a little starch paste at the time of using 
When grams of chlorine per cubic foot arc 
present in the chamber air, ten aspirations of the 
chlorometer will cause a blue colour to appear ; if 
more aspirations are needed, there is less chlor- 
ine present, and viceversd. Stark’s apparatus 
attains the same end, not by the finger pump 
(which is certainly a somewhat rough instru- 
ment), but by a gas burette on the Orsat* 
principle. ^ 

Another form of apparatus is Fletcher’s 


CoUapsmg Gas Sampler, an aspirator shaped 
like a concertma made with ebonite ends and 
mdiarubber coated cloth sides, into which a 
measured quantity of sodium arsenite is charged 
It is easily carried to the chamber without fear 
of breakage An attached rubber tube, a short 
length of glass tube, both cleaned by recent 
washing, and a piece of soft, luting enable it to 
be attached air-tight to the chamber. By fully 
pulling the bellows open one-tenth of a cubic 
foot of gas IS drawn m, and the rubber tube 
being then closed by kinking, the gas is 
thoroughly shaken with the solution ; a aide 
opening previously closed with a finger is then 
opened and the gas expelled into the operator’s 
face, it will piobably not smell of chlormo , 
further measured quantities of gas aro drawn 
in and sh.iken until the expelled gas begins to 
smell of chlormo. 

If the test IS above 2^ grams chlormo fuithci 
time must bo given for the ehlurme to bo 
absorbed, or it must bi‘ otherwise lemovcd The 
mostsatisfactory way of lomoving the chlorine is 
to dust into the chamber thiough a luted hole 
in the top, more ui less dry slaked lime either by 
hand or by Brock & Minton’s whizzcr (Eng 
Pat 7P.H), 1881); 23 Report on Alkali, &c., 
Woiks, 5S-b()) 'rins maehmf', on being lowoied 
into the hole, rests in the water of the lute and 
no chlorine cscajics 1’he hopjier of the machine 
IS filled with slaked lime j)ow(ler and the handle 
being tinned the lime di ojis slowly towaids an 
attached paddle which is revolving at a high 
speed inside the chamber, and the large air 
cm rents which it sets up in the ehamber carry 
the lime dust to a considmablo distance in the 
chain bei, and a very cneigetie absorption of 
the chloiine begins instantly To reach every 
part of the chamber the machine is lifted out 
of the hole and carried to one or two other holes 
and tlicse also dusted In tins way anything 
up to 2 cwt of chloiine m a chamber 100 ft 
long may be absoibed, and the dust settled 
within 3 hours 

When it is proved by any of these tests that 
the air in the chambei contains less than 21 
giains of chloiiiic per cubic foot, and it is day- 
light, then the chamber doors may bo opened 

Aftei the doors have heeii opened, and the 
chamber allowed to \eutilate it sell a little, the 
woikmcn wealing thick llaimel muzzles may 
cntoi, and with shovels turn the bleach The 
doors aie then closed, luted, and the chamber 
gassed again as before dcsciibcd 

Sometimes tins must be done even a tinid 
time, bofoio the appeal aiice of the product 
and the laboratory test show it to bo finished. 
To avoid the objectionablo tinning of the bleach 
m some Biitish works and generally in Germany 
and France the layers aic made only two or 
even only one meh 

The Series oj Chambers Method — This method 
was described m Lunge’s 8ulphuric Acid and 
Alkali, 1880, as the only rational one It was 
described m the Inspector under the Alkali Acts 
Ropoit for 1885 as a most important improve- 
ment used in a large English works by which 
stronger bleach was prepared than previously 
possible and that without losing chlorine or 
causing a nuisance It was again described by 
Jahno of Petrowitz, and the abstract is found 
m J. 8oc. Chom. Ind. 1887, 367. 
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The «eries conaists of at least three chambers, 
better four, or even more, and with the Deacon 
cJiambera, which are worked on the same method, 
seven chambers form a senes in the senes the 
gas always enters first into a nearly hmshed 
chamber, and the unabsorbed gas passes in 
succession thiough othei chambers which aio I 
further and further removed from bemg hnlshod 1 
until the whole of the clilorme is absorbed and 
the exit gas is accordingly ‘ sweet ’ The thick- 
ness of ti>e layer of slaked lime must bo such 
that the whole of it can be sulliciently chlorinated 
without turmng. When it is considered that 
the first chamber has been sufiiciently chlori- 
nated the stioam of stiong chlorine is directed | 
into the next following chamber and is cut oft | 
from the finished chamber. The firushed | 
chamber is, of course, full of chlorine neaily as | 
stiong as that supplied by the generators and 
it 18 absorbed by the bleaching powder only 
exceedingly slowly The easiest and quickest 
way of removing tins gas is by tho use of Brock 
and Minton’s whizzcr described m the ‘smulo 
chamber method ’ When the chamber is 
sweetened with all the precautions pieviously 
described it may bo opened , the bleach may be 
very carefully sampled, taking gieat care to take 
duo proportions of the top and bottom layeis, 
and the sample tested in the laboratoiy 'riio 
experience of the woikmen geneially leads to 
the obtaining of a satisfactoiy tost, but should 
it be low the chamber may bo turned or not, 
closed, and gassed agam foi a certain time, and 
then tioatod as before, and finally tho bleaching 
powder removed ftftio empty cliamber is at 
once limed, closed, and put into the woikmg 
senes again, but now as tho last cliamber of the 
senes Each chambci m tuin comes up to 
strength and is lemoved from the senes, packed, 
limed and inserted agam into the series , and 
so on mdefimtely Tho sysfem of gas pipes and 
lutes necessary for making these clianges is 
figured m Lunge’s Hulphurio Acid and Alkali, 
Ilrd od vol. 3, p 618, for a set of thieo cliainbois, 
and the same system of pipes are used for tho 
Deacon Chambers next deseiibed 

The following rules relating to bleaching 
powder chambeis woiked m either of tho two 
piecechng ways aie recommended by the (3iic*f 
Inspector of Alkali, &e , Works (Mr A E. 
Eleteher), m his 2l8t Kepoit, 12 — 

I Bleaching-powder chambers should con- 
tain not less than 200 squaie feet of floor space 
for every ton of powder made m them pei week 
if there is less space, the woik, and especially tho 
packing, must be burned too much 

II. The chambers should be so arranged and 
connected together that the lesidual chlorine 
from a hmshed chamber may bo drawn into one 
containing fresh lime, unless some other moans 
be employed for absorbing it (such as Brock and 
Mmton’s plan described above) Tho air finally 
discharged into the atmosphere or into a flue or 
chimney must not contain more ehlonno than 
21 grams per cubic foot. 

III. No chamber should bo opened when tho 
air m it contains more than 2| grains of chlorine 
per cubic foot In testing for this, the air 
should be drawn from a pomt not more than 
2 feet above tho chamber floor, and taken from ' 
the di aught end 

IV. No chamber may be opened until the air I 


m it has been tested, and the result of such test 
entered m a book. 

V. No chamber may be opened except m 
daylight. 

Mechanical Chambers for absorbing Stiong 
Chlorine Gas — Many proposals have been made 
for mechanical absorbmg apparatus for stiong 
chlorine, but none of them seems to have mot 
with permanent success ; sometimes the working 
parts are worn out after a short time, and some- 
times tho bleach pioduced m them is too weak. 
Of eouibc, it camiot bo said that the construction 
of a mochamoal chloiine absorber fur diy lime is 
an impossibility, but it must bo difheult to con- 
struct unlobS a perfectly regular stioam of 
chlorine gas is at command, and ellicient means 
are employed for aitihcially removing tho heat 
given oft during the absorption 

The absor 2 )lion of weal chlorine, that is, 
chloime diluted with very much mtrogen and 
oxygen, as it is obtained iii the Deacon process, 
and in most of tho processes pioposed for deal- 
ing with calcium and magnesium chlorides, 
cannot bo earned out in tho ordinary chambers 
The most oihciont plants for this puqjoso aie 
Iloacon’s shelf chamboiwS, and Hasenclever’s 
mechamcal chambers 

Dcxicon's chmnbos , — To expedite tho late 
of absoiption tlie fuiiowed layer of lime is 
reduced greatly m thickness, viz to f mch 
As tho weak cliloime contains 90 oi more p.c 
of inert gases, that is, it contains per unit of 
chlorine neaily 200 times as much inert gas as 
docs Weldon chlorine, the dilution oi the 
mcoimiig Deacon chloime by the very large 
volume of air or lesidual gases m tho Weldon 
chambeis is unnecessaiy to keep down the 
tompoiature of the bleaching powder, and the 
layer of gas is accoidingly leduced gioatly m 
thickness, viz to about b inches Euither, as 
tho escaping inert gases are able to cany away 
the heat genoiatcd, it is unnecessary to have the 
large heat ladiating suifaeos which aio provided 
by the Weldon chambers, and it is therefore 
possible to reduce the ground space occupied 
by placing as many as sixteen such lime and 
gas layers as dcsciibod above over each other 
Chambeis only 0 inches high cannot, of course, 
bo charged with hme and disehaiged of their 
bleach by workmen entering the chamber as 
with tho Weldon chambers, but must be 
operated by tho workmen from outside the 
chambers with long-handled rakes, which, from 
tho hygienic pomt of view, is a great advantage 

Figs. 22 and 23 show the construction of a 
set of seven Deacon chambeis, Eig 22 bemg 
a front elevation of chambers, and Eig. 23 
being a view of the broken end shown by 
Fig. 22 ; the dimensions of each chamber are 
8 feet wide and 13 feet high, as shown by 
Fig. 22, and 21 feet long and 13 feet high, as 
shown by Fig 23 Each chamber is subdivided 
into two halves by a central partial partition, 
as 18 shown by tho nght-hand side of Fig. 22, 
but the figures do not show the gas passage 
which exists through the bottom of these 
partial partitions, nor do they indicate that the 
gases flow downwards m each left-hand half, 
and fiow upwards m each right-hand half, 
-chamboi The partitions and partial partitions 
aro made of slate or sandstone fiags, and they 
are earned by* the pillars and girders shown m 
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tho figures The partitions and partial parti- 
tions in turn carry tho sixteen shelves to support 
the lime layers, and also carry tlie top coveimg 
shelves. The shelves arc made of slate or 
flagstone , the bottom and top slabs only 
reach to each end of the chamber, all other 
slabs end 13 inches short of one or other end of 
the chamber to allow the gases fiom tho inlet 
pipe to zigzag down tlie one half of tho chamber, 
as shown by Eig 23, and then zigzag up again 
on tho othei half of the chamber to the outlet 
pipe ; all tho shelves have a gap of a foot m 
the middle of tho 21 -foot dimension, and these 
gaps are covered by easily removable boards, 
as shown by n and c in Fig 23. To lime the 
chamber the wooden covers n are removed, 
and the wooden slides c are pushed on one side 
with tho exception of the two on the bottom 
shelves Sufhcient lime to cover one shelf with 
a layer neaily 1 inch thick is then dropped 
through the gaps from which the covois b 
have been removed, and falls down to the two 
bottom shelves There it is spread and then 
fui rowed by long-handled rakes from each end 


of the chamber Tho slides c on tho bottom 
shelf but one are then pushed over tlicii gaps, 
and the lime chaiges for those shelves dropped 
and levelled as bolore 'rhe rest of the shelves 
are limed similarly till allaie limed, and (lie top 
gaps covered with then boaids n and made 
gas-tight with lime or with luting The ends of 
the chamber are closed by hanging iron plates 
on the shelves, as shown on tho left side of Fig. 
22 , the joints are made gas-tight with luting. 
Each of the other six chambers is limed similarly 
The two top cover flags of cadi cliamber each 
contain a hole provided witli a watei lute, the 
left one serving as inlet, the iiglit one as outlet 
to the chamber Tlie gas sujiply main is shown 
in Fig 22, witli a lute for each of the seven 
cliambers, and the movable aim is shown m 
position which passes the gas into the flist 
chamber The exit gas fiom tho hist thamber 
passes into tho second ( ham her, and all following 
chambers in turn b> movable aims, shown in 
Fig 22 and in Fig 23, wheie one arm is marked 
A From the seventh charnhei the exit gas 
passes bv an aim into the middle or exit mam 



shown in Fig 23, whence it is sucked by a fan, 
and being now free from chlorine, is blown into 
the air , the exit mam runs tho whole length 
of the chambers, and is provided with a lute 
adjacent to tho exit lute of each chamber 
When samples taken through test holes in tho 
end covers show that the bleach is up to strength, 
the gas arms are changed, so that the gas supply 
IS cut ofl the Inst chamber, and then goes to 
the second, and thence, as before, to the seventh 
The finished bleaching powder in tho first 
chamber is discharged by romovmg tho end 
doors, pushing on one side the slides c, and then 
pushing the bleaching powder to tho centre of 
the chamber, wlieie it falls through the gaps 
and the hopper shown in tho figures into the 
cask below. The chamber is next relimed, 
and the ends closed as before described, and 
it IS ready to become the last chamber m the 
senes. To effect this tho exit from the seventh 
chamber is cut off from the exit mam, and 
instead it is joined by a gas arm to the right-hand 
mam shown in Fig. 23, wh ch return mam 
carnes the ga^ the wnole length of the chambers, 
and by a suitable arm is connected to the inlet 


of the first chamber Tho exit from the first 
chamber is connected to the exit mam Each 
chamber m turn is thus discharged, relimed and 
reinserted into the cycle 8uch a set of cham- 
beis furnishes 4 tons of bleacli per day. 

Hasencleocr's chamheib — Another style of 
chamber which is particularly suitable for 
absorbing weak chlorine such as is produced 
by the Eoacon piocess, is tho mechanical 
chamber of Hasenclover j(Eng Pat 17012, 
1888), employed at Aachen, and strongly 
recommended by an English Commission^Jas a 
thoiough remedy of the difllculty arising from 
tho contact of the workmen with the chlorine 
gas and the bleaclimg powder dust connected 
with tho use of tho Weldon chambers To 
make these Hasenclevor chambers suitable for 
use with strong chlorine they may bo worked 
intermittently, and it has been proposed to 
make them suitable by mixing air with the 
chlonne Tho Figs 24 and 25 show one of the 
original forms of the apparatus Fig. 25, in its 
central portion, is an elevation, but injits uppei* 
and lower portions is a sectional elevation, and 
in several respects is very indistinct ; Fig 24 
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shows on the left side an elevation of the back i 
ends of the tubes, while on the nght side it 
shows the front ends of the tubes with the 
covers removed that carry that end of the 
shafts. The slaked lime passes from the hopper 
shown in both figures into the top tube, where | 
it 18 slowly worked by the blades attached to | 
the revolving shaft towards the back end of the | 
tube, where the first and second tubes are 
umted by a large passage not adequately 
shown in Fig 25 The direction of rotation 
and the setting of the blades in the second tube 
are such that the lime is now slowly moved 
along the second tube towards its front end, 
where it drops thiough another large passage 
into the third tube , from the back of the third 
tube it drops again into the back of the fourth 
tube, and finally at the front end of the fourth 
tube drops into the hopper, which is closed by a 
sliding door. The chlorine enters at the fiont 
of the fourth tube and jiasses to the tubes 



by the largo passages already mentioned, and 
the residual gases escape from the front end of 
the first tube as shown, to the suction fan 
actuating the whole I^eacon plant. Fig. 26 
shows four eirclea at the back ends of the tubes 
and two circlear at the light ends of the tubes, 
and Fig 24 shows two gas passages on the 
middle tubes, which are antiquated, and should 
not have been shown By gently drawing the 
slide of the hopper the bleach falls direct into 
the cask with practically no nuisance Means 
are provided at the back end of the fourth tube 
of easily staiting or stopping the shafts, and 
doors are provided for insfjcctmg and, when 
necessary, cleaning the msuie of the tubes, as 
shown by Fig 25, for second and thud tubes, 
and by Fig 24 right-hand side for all four tubes 
Such a set of tubes makes 1 ton bleach per 
day 

General Remarhs on the making of Bleaching 
Powder — Good stiong bleach cannot be made 



from lime that is badly burnt, slaked, or silted, 
nor from chlorine that contains too much 
carbon dioxide or aqueous vapour or hydro- 
chloric acid gas, nor m very hot weather, nor 
if the chlonno is initially passed into the chamber 
so fast as to allow the temperature to rise too 
high Jt ought to consist of jiretty heavy flakes, 
easily crushed, or a heavy but not dusty powder, 
which can be kneaded with the fingers into a 
tough paste. The laboratory test of a sample 
carefully taken from vanous parts must tost 
at least 35 p c available chlcmnc, and if it is 
intended for export it must tost still higher. 

Packages . — Bleaching powder must bo packed 
in very well-made casks, preferably made of 
hard wood The ends are sometimes secured 
by a coat of plaster of Pans. This is done in 
order to prevent the access of air, which quickly 
detonorates the powder both by its moisture 
and its carbonic acid. 

The packages must bo kept in cool, dry 


places ; both ram and sun would quickly spoil 
the bleachmg powder, even if placed in good 
casks. 

Properties of Bleaching Powder. — Good 
bleachmg powder is a nearly white powder, 
often mixed with lumps which, however, tost 
as high or even higher than the powder. It 
has a iieculiar smell, quite different from that of 
chlorine, and not owing to hypochlorous acid, 
since it IS just as perceptible in alkaline solutions 
If it gets on to the skin a very strong odour is 
developed, which is highly characteristic ; this 
odour persists oven after washing the skin 
with soap. 

In the air bleaching powder attracts mois- 
ture and carbonic acid, and gradually changes 
into a pasty mass. Mixed with a little water, it 
forms a stiff paste, with a perceptible swellmg 
and nse of temperature ; this is probably 
caused by the transformation of 2 Ca 0 Cl 2 into 
Ca(OCl )2 and 'CaCla, which then acts upon the 
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free limo to form crystals of calcium oxychloride 
wluch causes the mass to set like cement. 

Bleaching powder decomposes gradually even 
in closely stoppered bottles or well-protected 
casks. The presence of light, heat, moisture, 
and car borne acid greatly accelerates this 
change ; so does shaking, p g. in transit Hence 
the strength of bleach is usually only guaranteed 
at the place of shipment, but it ought not to 
lose above 2 or at most 3 p c by a few weeks’ 
journey 

Experiments on the rat'^ at which bleaching 
powder loses its available chlorine have been 
made by J Pattmson, in 1874 (Chem News, 
29, 143) and 1886 (J. Soc Chem. Ind. 587) 
Ho experimented in the first case with samples 
kept in loosely corked bottles, sheltered fioin I 
direct sunlight, and found that these lost on an 
average 0*33 pc monthly fiom Febiuary to > 
April, 0 86 from June to September, 0 28 from ' 


November to January The gieatost loss 
occurred in August, viz 1 4 p c pei rnontli 

The keeping properties of bleaching powder 
depend on the quality of the lime used, on the 
temperature conditions under which it has been 
made, and on its stiength The more free 
calcium hydroxide is left in tlie bleaching 
powder, the more stable it is This shows 
tliat, when bleaching powder is required for 
expoit, especially to tiopical countries, it is a 
mistake to require a liigh initial test 

A few experiments made by Thummcl (Aich 
Pharm 1834, 22, 1) jirov^e that light has much 
more action on bleaching powder than exposure 
to air. 

The following complete analyses of the 
samples of bloat lung powder investigated by 
J Pattmson [v sup) a) may serve as an example 
of the best dosciqitions of the commercial 
article — 



' A 

B 

(J 

— 

made of 1 1 h1i limestone 

made of Trlsli limestone 

made of Fiench 


(from Larne) 

bv another manufacturci 

ditr 

Available ehlonne . 

_ __ 

37 00 

38 30 

36 00 

(ffilonno as chloride 

0 35 

0 59 

0 32 

Chlorine as chlorate 

0 25 

0 08 

0 26 

Lime .... 

44 49 

43 34 

44 66 

Magnesia 

0 40 

0 31 

0 43 

Ferric oxido . 

0 05 

0 04 

0 02 

Alumina 

0 43 

0 41 

0 33 

Oxide of manganese 

trace 

trace 

tiace 

Carbonic acid 

0 18 

0 30 

0 48 

8ilicious matter 

0 40 

0 30 

0 50 

Water and loss 

16 45 

16 33 

17 00 


100 00 

100 00 

100 00 

Total chlorine 

37 60 

38 97 

36 58 


3Jie following are analyses of bleaching 
powder made by Lunge and Schappi, from 
perfectly pure limo and with the greatest care, 
so as to obtain tho strongest possible product . — 


Available chlorine . . . 43 13 

Chlorine as chloride . . 0 29 

Lime . . . . 39 80 

CO, 0 42 

HgO (direct estimation) . . 17 00 

Calculated as 

CaOCL+11,0 . .88 08 

CaCOa'' . . 0 96 

CaCl, . . . 0 45 

(1a(OH)2 . .6 74 

H^O not combined . 3 77 


100 00 

The small quantity of unchanged calcium 
hydroxide is proof for the opinion that this is 
merely lime mechanically protected against the 
action of chlorine by the bleachmg compound 
CaOCl, previously formed 

Liquid chloride of lime or Bleach liquor. 
This substance was first prepared m 1798 
by Chas. Tennant by absorbing chlorine gas in 
milk of lime. Many bleach works have pre- 
pared it on quite a small scale for their own 
use, but it IS now prepared by a%ali works on 


a considerable scale for use in bleach works in 
tho not too distant neighbourhood, j)ackod in 
carboys or steel tank wagons, as bemg more 
convenient than the preparation of clear 
solutions of bleaching powaer by tho bleach 
works. 

AhsorpHon of Chlorine by Milk of Lime — 
As all the processes for preparing chlorine on a 
cominorcial scale produce it at appioximatoly 
atmosphciio picssuro, tlie gas has to be absorbed 
by the surface of the milk of hmo, and because 
of the very small solubility of lime in water 
agitation of tho milk of lime is an absolute 
necessity to keep tho lime m suspension and to 
accelerate its solution, and to bring the lime 
solution to tho surface, and after it has absorbed 
its modicum of ’chlorine, to quickly remove it 
and again saturate it with lime Vaiious forms 
of agitators have been used . blades attached 
to horizontal shafts, or to vertical shafts, or to 
vortical revolving cones or cylinders, and these 
last are considered to be the most efficient, as 
besides sotting up a swirl in tho liquid, they also 
set up a very rapid flow of liquor from tho 
bottom to the top, thus very effectually and 
rapidly renewing the surface of the liquor. 

The contaming vessels have been made of 
lead, or flagstone, but cast iron is now employed, 
as it soon becomes coated with a limoy deposit 
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both below and above the liquor, and any action 
of the gas or liquor is reduced to a raimmum 
Throe or more vessels are coupled up so that 
the gas passes them in senes. Each is filled 
with water and lime in the proportion of 100 
gallons and 10 to 15 lbs , malung a milk of 
12° to 18°Tw During the absorption of the 
chlorine the temperature rises, and the admission 
of the chlonne should bo so regulated that the 
temperature does not rise above 32°, or at 
most 37°, and for this same reason the absorbers 
may be cooled by building them inside a water 
tank. When the sp gr of the liquor after 
settling clear has risen to 1 040, or the contents 
of available chlorine is 7 pc, the gas is passed 
into the next absorber as first m the senes, 
and the hist absoiber is allowed to settle the 
considerable amount of excess lime which is 
absolutely essential to prevent the conversion 
of the hypochlorite into chlorate Tho clear 
liquid IS then lun oft into carboys The residual 
lime 18 either augmented with some fiesh lime 
for tho next operation, or if the accumulated 
impurities in it are too great, it is washed to 
recover admixed hyiiochlonte, and is then run 
away 

Dissolving Bleaching Powder to make Bleach 
Liquor , — When bleach liquor cannot econo- 
mically be obtained from the source |ust do- 
soiibed, it is always prepared by the bleaching 
works by extracting bleaching powder with 
water. To avoid a loss of available chlonne 
and a waste of time in settling out the insoluble 
matter, certain conditions have to bo observed, 
so that it cannot foim lumps inside the dissolver. 

1 Tho best jiractical temperature for tho 
water is 21° to 20°. 

2 The agitation must be effected by 
mechanical power so as to sliow a strong swirl 
on the surface, say, with a peripheral speed 
on the agitator of 500 feet per minute for tanks 
of 5 foot to 9 feet diameter, and the lower limbs 
of the agitator must bo not more tlian 1 inch 
from the bottom of the tank 

3. The bleachmg powder must be emptied 
a little at a time on to a 1-inch mesh sieve 
placed outside and above the dissolver, and the 
passage of the powder assisted by working it 
with a spade, any lumps then left are to bo 
knocked through with the flat of tho spade 
After completing the bath, agitation for 20 
minutes is ample for all strengths of solution 
up to 10°Tw Further time spent on agitation 
is wasted, and, by beating tho insoluble residue, 
renders subsequent settling appreciably slower 

4 Tho run-off pipe should bo at such a 
height as to allow 5 cubic feet of sludge per 
cwt of bleaching powder used per batch, for 
all strengths of solution up to 16°Tw Unless a 
sufficient space is allowed, enormous waste of 
time will arise in waiting for the last few inches 
to settle clear 

5. The residual sludge consists, not of 
bleaching powder, but of insoluble lime suspended 
in bleach solution The agitating tank should 
be filled again with water, and the contents 
agitated for 6 minutes only prior to settling, 
when tho clear liquor of about 2°Tw. is run off 
to be used for making the next batch, and the 
washed sludge is then to be run away to waste. 

When the precautions given above are 
followed, the loss of bleaching powder in the 


washed sludge will not exceed 2 lbs. per cwt. of 
bleaching powder used. 

Properties and Uses of Bleach Liquor — 
Tho experiments made by Lunge and Landolt 
(J. Soc. Dyers and Oolonsts, *1885, Nov. 25) 
with bleach liquor have shown that the action 
of the air is nothing like so injurious to the 
stability of such solutions as that of the light, 
which ought to be excluded by all means Solu 
tions kept in the dark in closed vessels, remained 
practically unchanged up to the 24th day, and 
up to the 33rd day, when the experiment was 
finished, the strength had only decreased from 
29 58 to 29 12. Kept in open vessels in the 
dark, they remained unaltered up to the 12th 
day , on the 33rd day they had lost 3 30 
Rut when kept m closed vessels m diffused day- 
light, the decomposition sot in at once, and 
on the 33rd day only 8 52 remained of 33 02 
originally present Solutions of chloride of 
magnesia behaved similaily to those of chloride 
of lime , those of zinc or aluminium hypochlorite, 
as might bo expected, were much less stable 

The specific gravity (at 15°) can bo used 
to approximately determine the available 
chlorine grams per litre in a good bleach liquor 


Sp gr 101 

5 58 

1 02 

11 41 

1 03 

. 17 36 

1 01 

23 75 

1 05 

29 (50 

1 Of) 

35 81 

1 07 

. 42 31 

1 08 

. 49 96 

1 09 

55 18 

1 10 

61 50 


but such a method is utterly useless for an old 
solution, or one that has boon partly used, or 
is in any other way abnormal , tho only way 
of testing such an abnormal solution is to make 
a chemical test, tho best of which is Penot’s 
method, with sodium arscnite in piesonco of 
bicarbonate of soda (Lunge and Hurter’s Alkali 
Maker’s Handbook, 2nd ed 12()) 

The use of bleach liquor for bleaching 
purposes is described m Cross and Bevan’s 
Cellulose, 2nd ed 284-294. Tho effect of 
free lime on bleachmg is similar to that of free 
caustic soda when sodium hypochlorite is 
employed for bleaching 

The germicidal power of bleaching -powder 
solution is very great, and it has been used suc- 
cessfully for years as a disinfectant One part 
of bleachmg powder will, m 2-4 hours, destroy 
the following bacteria : coli, typhosus, and 
cholera m 2000 parts of ordinary sewage 

{See Schumacher, in Gesundheit-Ingenieur of 
Munich and Berlin, August 10, 19, 30, 1906 ; 
Sheridan Dol6pino, in Medical Chromcle, May, 
1894 , and G. C Clayton, m J. Soc. Chem. Ind 
1896, 320 ) 

Calcium hypochlorite crystal. The Chomische 
Fabnk Griesheim Elektron (D. R. P. 188624, 
1906) desenbes the production of calcium hypo- 
chlorite as follows : — 

Chlonne is introduced continuously with 
agitation into milk of lime until the latter is 
nearly saturated. The solution is then con- 
centrated in vacud until the calcium hypochlorite 
crystallises out and can be dned in vacuS. The 
calcium hypofthlorite obtained is said to be more 
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stable than ordinary bleaching powder, gives a 
clear solution in water, and contains 80-90 p.c 
available chlorine. 

Potassium h^ochlorite solution {Ghlwide of 
jjotash 01 Eau de Javd) This liquor was first 
made in 1789 at the Javel Works near Pans, 
and was the first bleaching compound known 
It was then made by peissmg chlorme into a 
solution of potashes (crude potassium carbonate) 
in eight parts of water. This liquor is rarely 
made at the present time, as it has been replaced 
by the cheaper soda compound, which has now 
mostly usurped its name 

Sodium hypochlorite solution {Eau. de La- 
harraque^ usually called Eau de Javel). This 
liquor was made by passing chlorine into a solu- 
tion of sodium carbonate in 10 parts of water 
till the liquid began to effervesce and to bleach 
litmus 

Cl2+-2Na2(j03+H20 

==Na0Cl-hNaCl-|-2NalIC03 
any further passage of chlorine produced fiee 
hypochlorous acid and GO^ 

NaHCOg + Gl,- lIOGl+NaGl+OO^ 

The liquors containing free HOGl keeji veiy 
badly, the HO 01 partly volatilismg and partly 
losing its oxygon 

Hypochloiito of soda solution is used to-day 
as a bleaching agent for the bleaching of special 
fabrics, in steam laundries to whiten clothes, and 
as a disinfectant, and is now prepaicd by one 
of the three following methods 

1 By the piecipitation of a solution of 
bleaching powder by sulphate oi carbonate of 
soda, when, a solution is obtamed containmg 
about 5 p c of available chlorine, but no free 
H(^10, and which will, therofoio, keep unchanged 
for some time This operation is usually con- 
ducted at the factory or the place where the 
solution IS used. 

2. By passing chlorine into a solution of 
caustic soda until nearly all the soda is chloiin- 
atod 

01 , -h 2NaOH == NaClO + NaCl + H 

This solution is made at alkali works, and 
sold at a strength of 10-15 p c. available chlorine 

It has been found necessary to leave a small 
amount of free soda, about J p c. Na^O, m order 
to make the solution stable, by removing all free 
hypochlorous acid and by removing traces of iron 
which would otherwise be converted mto sodium 
ferrate, and aid the decomposition by cariymg 
oxygen fiom the hypochlorite to the atmosphere 
A very full statement on the manufactuio andl 
stabihty of sodium hypochlorite solution made 
in this way is con tamed in a paper by Muspratt- 
and Smith (J Soc Chem Ind 1898, 109(i) 

3 By electrolysis of brine solution Under 
chlorine we have discussed the electrolytic cells 
devised to liberate chlorine from common salt 
solution. In the case of the preparation of 
sodium hypochlorite there is no necessity when 
the electrolysis starts to attempt to keep 
the mam products, chlorme and caustic soda, 
apart, but, on the other hand, they must be 
brought together. But directly the formation 
of hypoclilontes has begun then troubles 
begin : (1) there is insufficient agitation to bring 
the caustic soda to the chlorme, ^nd conse-* 
quently chlorine escapes, and free hypochlorous? 

VoL. II.— 2^ 


acid and chlorate are formed ; (2) the hypo- 
chlorite, hypochlorous acid and the chlorate 
are themselves electrolysed with evolution 
of oxygen, and the output of hypochloiite 
rapidly falls to nothing , (3) the hydrogen 

hberated at the cathode reduces the hypo- 
chlorites alioady formed, and again the output 
ceases 

The following cells have been introduced {see 
papers by W H. Walker m Electro- Chemical 
Industry, 1, 439) . — 

The Kellner tell consists of a stoneware 
vessel divided mto a number of small compart- 
ments by glass plates fitting into small grooves 
m its sides These glass plates aie wound with 
platmum-iridium wire, and foim bipolar elec- 
trodes The electrolyte is circulated rapidly 
through the cell and through a cooling coil 

The Schuckert cell is a largo stone waie trough, 
separated mto 8-10 compartments. In these 
compartments are bipolar electrodes m the 
making of which platmum-iiidium wire may or 
may not bo used. Circulation is effected by 
means of the hydiogon evolved, and each cell 
has a cooling coil 

The Ilaas-Oeiel cell consists of a rectangular 
box divided mto small compartments by a series 
of vertical bipolar carbon electrodes set m 
grooves 

From the figures given by Walker, the k w h. 
per ton available chloime produced m solution 
can bo calculated, and are given m the following 
table for the Kellner aiul Sehuckeit cells The 
Haas and Oettol figuio is taken fiom a paper 
by Kouss before the Society of Uyeis and 
Colorists, Fob. 1911 — 



Details of a staii- 
(l.ird sized cell 

K W 11 per 

NcUno ol cell 

Amps 

Volts 

tona\ail.iblo 

Chloime 

Kelhier . 

120 

110 

8800 

Schuckert 

100 

110 

8500 

Haas and Oettel 

80 , 

110 

8400 


Q’hc&e cells are adapted foi the production 
of weak solutions only of hypochloiito of soda 
containing 1-2 p c available chloime, as only 
a paitial decomposition of the NaCl is possible 
without an enormous fall m efficiency The 
cost of salt is, therefore, high, and actually about 
7 tons of salt aio required per ton of available 
chlorine produced 

Cells such as those are designed for the 
purpose of erection at the factory or works 
where the hypochlorite solution is used, and 
where neither bleach liquor nor bleachmg powder 
aie readily available 

Full details of these and other cells aie to 
be found m the series Monographien uber 
Angewandte Elektrochemie, namely, vol. 8, 
Engelliardt, Theoietical Constiuctive Desenp- 
tion, 1903, 275 ; vol. 17, Abel, Theoretical 
Description; 1905, p. 110, vol. 38, Ebert 
and Nussbaum, Practical Apphcations, 1910, 
D 367, all under the title. Hypochlorite und 
Elektrische Bleiche. 

Uses of Sodium Hypochlorite Solutions — 
The uses include the bleachmg of such cotton 

p 
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and linen fabncs as require to have the softest 
possible feel, and the fullest degree of whiteness , 
for bleaching paper pulp ; for whitening clothes 
in steam laundries , for disinfectant pin poses 
Hypochlorite of soda solution possesses strong 
germicidal powers, which Klein estimates for a 
solution containing 10 p c. by weight of available 
chlorine at 21 times that of phenol {See Klem, 
Comparative Bacteriological Repoit on Chloros, 
Public Health Engineer, June 9, 1900 Also for 
fuither data, see Schumacher, Ccsundheit Inge- 
niour of Berlin and Munich, Aug 10, 19, 30, 
1905; Clayton, J 8oc Chem liid 1890,320) 
And lastly, the strong solution piejiaied by 
method 2 is used in enormous quantities by the 
Badibch Anilm und Soda Fabrik for the con- 
version of phthalimido into anthramlic acid, 
which last is used in tlie manufacture of artificial 
indigo (Haller, Les liidustiies cliemique et 
pharmaceutiques. Exposition Univorselle de 
1900, Pans, vof 2, pp 128-130). 

Sodium hypochlorite crystal. Until recently 
sodium hypochlorite in the solid form was 
unknown Muspratt and Smith, in 1898, how- 
ever, by the systematic production of a more 
and more cqncentrated solution, produced 
crystals of the following composition (J fcJoc 
Chem. Ind 1898, 1100) — 


NaOCl 37 6 p c 

NaClUg nil 

NaCl . 3 7 „ 

Water (by cliff ) 58 7 „ 


100 0 

The crystals dissolve in then water of 
crystallisation at 18°-2U, and then rapidly 
decompose By drying under vacuum pait of 
the water ot crystallisation is icmovcd, and a 
more stable pioduct obtained containing up to 
00 p c of available chlorine with a melting-point 
of over 43° (sec Muspratt, J. Soc Chem Ind. 
1903, 592) 

Magnesium, Zinc, and Aluminium Hypo- 
chlorites, all of them obtained by adding the 
sulphates of these bases to a solution of bleach- 
ing powder, are sometimes used for special 
purposes because they have a more lapid action 
than chloride of lime Their jJ^upcities have 
been fully investigated by Lunge and Landolt in 
the above-mentioned memoir They are nevei 
manufactured for sale, but prepared by the users 
themselves 

Potassium chlorate. This salt was originally 
made by saturating caustic potash bolution with 
chlorine gas. Lieoig proposed to saturate a 
thill paste of three molecules of slaked lime with 
one molecule of potassium chloride ; theie is, 
howevoi, a disadvantage in that some potash is 
lost along with the insoluble irnpuiities of the 
lime, and this is obviated by saturating milk of 
lime only, drawing off the claiihed calcium 
chlorate hquor, evaporating it to the necessary 
concentration, adding potassium chloride equiva- 
lent to the calcium chlorate present, and cooling 
the solution to crystallise the potassium chlorate 
This manufactuie was started in 1847 at St 
Helens, at Messrs. Muspratt’s works, and was 
described m detail by Jurisch in 1888, Die 
Fabrikation von Chlorsaurem Kali und Anderen 
Chloraten, and in Lunge’s Sulphuric Acid and 
Alkali. The absorption of chlorine by milk of 


lime begins with the formation of calcium 
hypochloiite. ashas already been described under 
the heading Liquid (Jhloiide of Lime oi Bleach 
Liquor, and that description applies lieie, and 
18 supplemented by Fig 26, the sectional eleva- 
tion of an absoibcr built up of cast-iron jilatos 



Fig 26 . 


with rust cement joints, and 10 feet diameter 
and 5 feet 6 inches deep ; the agitating shaft a 
with its aims 5, b is earned by the loot step, 
and by the bearing attached to the non glider 
seen just below the crown wheel, but this 
girder does not cover the entire top of the tank 
or prevent access to the manhole/, as the hguie 
suggests ; the device of a cup d and a water 
lute c prevents any escajic of chloiine tlirough 
the shaft hole. The manhole is always ojion, 
so that theie is no hindrance to the addition of 
water or lime or the removal of samples Home- 
times a water-jacket suirounds the absorber to 
pie vent too high a tomperatuie, as dcsciibcd 
later At least three, better six, absorbeis are 
worked m series on the chloi me, so as to absorb 
the whole of the chlorino supplied and to obtain 
an innocuous residual gas , the gas mams for 
tins purpose are not shown m Fig 26, but they 
aie exactly like those indicated in Figs 22 
and 23. 

The milk of lime is also of apjiroximately the 
same strength as when making bleach liquor ; 
it should not exceed 10° or 17°Tw., which 
corresponds to 6 3 to 6 7 lbs CaO per cubic 
foot. 

As the absorption proceeds the temperature 
slowly rises, and while an excess of lime still 
remains, the reaction is 

2aa(0H),+2Cl,==Ca(0Cl)>4-CaCl,d-2H,0 

and the temperature should not be allowed to 
rise above 32° or at most 37°. The reason for 
keeping the temperature to this limit is that, as 
the calcium hydrate goes more and more into 
solution, the impurities that origmally accom- 
panied it are more and more released, and become 
active catalysts, enabling the hypochlorite to 
decompose Ca( 0 Cl) 2 =CaCl 2 + 02 , and this cata- 
lytic action is the more active the higher the 
temperature , the prmcipal impurities actmg 
in this way are the iron and the manganese 
oxides The evolution of the minute oxygen 
bubbles m the turbid hquor causes the formation 
of a very strong and persistent scum which 
partly or almost completely covenng the 
surface of the liquor forms so effective a 
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separating layer between the chlorine gas and 
the alkaline liquid below that absorption of the 
gas is very greatly reduced or even entiiely 
stopped When absorption of the chlorine h<is 
gone a little fiuthor, so that the fico (’a(OH)2 
has been acted upon and only lomains in small 
local pai tides, a senes of complicated reactions 
occur which are not coirectly understood, but 
may possibly bo 

2Ca(OCl),-f40l,+4H,O-2(UCl, + 8HO(n 
a small amount of free hypochlorous acid is 
formed which, however, has no effect on the 
remainder of the hypochlorite, but which when 
further treated with chlorine yields, it is assumed, 
chlorine monoxide 

4H0Cl-h4Cl,-:4Cl,0 h411Cl 

and it 18 assumed that it is this (.hloime monoxide 
which oxidises the hypodilorito to chloiato 
0a(OCl)^4-4:Cl2O=(^a(()3('I)2-f 4Cl2, regene- 

ration of the free chlorine The sum total of 
those reactions is 

3Ca(0Cl)2=(^03Cl)>+2(!aCl. 

The last loaction is accompanied by the genoia- 
tion of so much heat tliat the temperature of 
the liquor rises exceedingly quickly up to G5°- 
70°, the scum previously mentioned disappears, 
as there are no longer any hypochloi itos to 
decompose with evolution of oxygen, and as the 
reaction of the liquid has changed from alkaline 
to aoid the basic oxides in the scum pass into 
solution, the liquid smells of chloiine, and the dis- 
solved hypochlorous acid bleaches litmus paper 
instantly; and lastly, the liquid generally has 
turned from colourless or light yellow to deep 
pink, due to the conversion of the manganese 
in the lime into a permanganate By summing 
the equations representing the formation of 
the hypochlorite and the convcision of the same 
into chlorate, the total reaction appears 

r)Ca(()H)2-|-h(ll2-Ca(0,Cl)2 f 5CaCl OH/) 
which, though expiossmg the main end lesult, 
fails to represent any of the indispensable 
intermediate stages The completion of the 
conversion of the hypochlorite into chlorate 
may be readily ascertained by adding to a 
sample of the cooled liquid some strong hydro- 
chloric acid, there should bo no evolution of 
chlorine gas. Full analysis of the liquor 
always shows that the molecular proportion 
of chloride is somewhat greater than indicated 
by the general equation above, namely 5 0 , 
if much oxygen is evolved the figure may leach 
5 8,' but with very good work the ligure may be 
5 3 The operation lasts from less than 24 
hours to 72 hours, according to the speed at 
which the chlorine can bo passed so as to conqdy 
with the condition of complete absorption 
With reference to the possibility of increasmg 
the speed of absorption, and so with efficient 
cooling reducing the catalytic decomposition of 
the hypochlonte a description by Lunge (8ul- 
phuno Aoid and Alkali) of the absorbing 
apparatus used by Messrs. Pechiney at Salindres 
is of considerable intcicst, the agitation being 
effected by means of a paddle wheel with 
horizontal and submerged axis, but each blade 
in turn projects through the liqmd surface as 
the paddle revolves, and the absorption is 
excellent and superior to that in all othei 
absorbers. * 


The hnished liquor in the absorber may show, 
according to the quality and the quantity of 
the lime used, a strength of from 24'^Tw up to 
32°'rw , and statements have been made of 
strengths obtained up to 44°TV. 3’o obtain 

the subsequent separation of the jiotassiuni 
chlorate in a proper manner, it is concentrated 
by evaporation until it shows from 50°Tw. to 
70°Tw , and dunng the evaporation there is 
considerable corrosion of the pans and also 
decomposition of the chlorate. For these 
reasons it would appear that more attention 
might bo given to the direct manufacture of 
stronger chloiato liquors by an adaptation of 
the process lefeired to by Lunge as used by 
the Gnesheim-Elektron Company for prepara- 
tion of solid crystalline hypochlonte of calcium 

'I’ho linishod liquor in the absoiber smells of 
chlorine and of hypochlorous acid, and these 
objectionable substances for the subsequent 
treatments may be removed by the addition of 
small quantities of sodium thiosulphate or of 
tank waste 

The liquor is run fiom the absorbei into a 
settling tank, whence the eleai liquor is drawn 
through a deep siphon, and the residual mud 
IS run into a Idter pi ess, oi is diluted and washed 
by decantation, the washings being used for 
making fresh milk of lirno. 

'J’he strong settled liquor is measured and 
tested for its content of chlorate, and the 
theoretical quantity of muriate of jiotash 
calculated, allowing for the approximately 
5 ]) c. of impurities contained in it 

The open boihng-down pans are made either 
of cast iron or prefeiably of wrought iron, as 
it does not crack, and is repairable when 
damaged by coiiosion After charging with 
the settled liquor the lires are lighted and the 
muriate of potash is added The boiling is 
continued until the hot liquor shows 70°Tw , 
when the boiling is stopjied and the liquor 
allowed to settle The mud consists of magnesia 
originally contained in the lime, oi in the 
muiiate of potash, then converted mto cldorido 
which, decomposing in the pans into m.ignesia 
and hydroi‘hloiic acid, makes a very objetdion- 
able mud, and also corrodes the pan fiom which 
a sediment of feiiic oxide results, the mud 
also contains gypsum from the oiiginal lime, 
and from the sulphates in the muiialc of potash , 
to pi event this mud fiorn buinmg fast to the 
pan it must bo lemoved after each opeiation, 
and the soluble salts recovcied by washing 

The coolers for the hrst salts are generally 
made of non, since in no cast‘ can a puie pro- 
duct be obtained at this stage They aio best 
made like those used for soda ci\stals, with a 
plughole for running off the mother liquor 
They ought to bo numerous enough to permit 
of the liquor remaimng in them 9 or 10 days in 
winter and 14 days in summer. Here the crude 
chloiato of potash crystallises in long acicular 
crystals, totally unlike in general appearance 
the thin plates in which the same salt crystallises 
when pure, but in reality possessing exactly the 
same crystalline faces, only developed in different 
fashion They are easily distinguishable from 
the large transparent pnsms of hydrated calcium 
chloride which appear if the concentration has 
been too great. They must be broken up after 
draining, and the adhering mother liquor washed 
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off with a little water, and finally drained in a 
hydro extractor. 

The mother liquor la a nearly saturated solu- 
tion of CaCla, with a little KCl, and with about 
30 grams of KClUj per litre With bad work 
much more chlorate is loft m the liquoi. In 
the very best case 10-12 p c of all chlorate 
manufactured is lost through this cause, usually 
much more (25-30 p c.). Usually it is not even 
attempted to recover the chlorine from these 
liquors by heating with hydrochloric acid — they 
are simply run to waste. Rut, with due care, 
the mo tiler liquors can bo quite well worked for 
chlorme by taking care to run the hydroclilonc 
acid m pun passu with the hquor. Strictly 
speaking, it is not the chlorine of the chlorate 
which 18 recovered in this way, but chlorine 
produced by oxidation of the HCl added 

Wvldo, Hammill, and Auer (Eng Pat. 
150117) desciibe a process foi the recovery of 
about half the chlorate loft in the mother liquor 
by lefrigeration ^J’he process is described in 
detail by Hammill (J Soc Chem Ind 1889, 
168), who states that the crude crystals obtained 
. by refrigeration have a hner gram than the 
ordinary ciude crystals, but when thrown down 
from mother liquors of not ovei 72°Tw , aie no 
more impure, and are as readily rehnod by one 
recry staliisation. Hammill says that on coolmg 
to —12° only 13 5 grams KCIO 3 
remain m the hquois This process has now 
been worked successfully for many years 

Another process for greatly 1 educing the 
loss of chloiate in the mother liquors is that of 
P 6 chiney (c/ Weldon, J 8 oc Chem. Ind 1882, 
41). He concentrates ordmary chlorate liquor 
made from lime of a density of 42°Tw , up to 
lU0°Tw (hot), and cools it down to at least 
12°0., but not below 10°C Of its 5 5 mols of 
CaCl 2 , 4 3 are thus caused to crystallise out as 
0 aCl 2 , 2 H 2 O (probably it should be bHgO), but if 
the temperature were allowed to fall below 10 °, 
calcium chlor<ito would crystallise as well The 
crystals are separated by a hydro extractor, and 
the mother liquor is treated with the calculated 
quantity of KCl , ' there bemg only 1 *2 CaCL 
present to 1 KlCOj, the mothei liquois cause a 
very much .smallei loss than in the ordmaiy 
process Pechmey’s process is specially suited, 
and was oiigmally invented, for the manufacture 
of sodium chlorate (c/ infra) It is evidently 
only possible to work it in the cold season, 
unless artificial cooling is employed 

The ci ude chlorate of potash is always puri- 
fied by 1 eery staliisation (‘ finished ’) For this 
purpose it 18 redissolved in a mixture of water 
and of the mother liquor obtamed in the finish- 
ing procesb, which is done 111 a load-hned vessel, 
with the aid of steam, preferably indirect 
steam The solution is made at a full boiling 
heat, sometimes with the addition of very small 
quantity of sodium carbonate and of sodium 
sulphide, in order to precipitate any iron and 
lead present , it is made up to 26°Tw , and, 
after good setthng and straming through canvas, 
the hquor is run into the coolers These are 
made of iron Imed with lead (wood lined with 
lead is not so good) ; they are either of a deep 
pattern, with wooden laths placed inside for 

’ The Intermediate formation of a calcium oxy- 
chloride, described in P^chlney’s patents and Weldon’s 
paper, has since been given up. 


the crystals to adhere to, or else they are made 
quite shallow, but covered over to prevent any 
too rapid coolmg The crystallisation lasts 
from 8 to 14 days, accordmg to the season. 

The crystals are chained, washed on the 
drainer, and then again dramed m a hydro 
extractor. This is imperative, smee it is re- 
quired that chlorate of potash should show little 
or no trace of chlorides , 0 05 p c. bemg a 
maximum sometimes stipulated. 80 long as 
there is FbCla present, this cannot be very 
easily effected, but the lead can be removed 
in dissolving, as stated before. The mother 
liquors and washings are used over again till 
they become too impure, when they go back to 
the boilmg-down pans. The crystals are dried 
on a hollow iron plate, covered with sheet lead, 
and heated by steam 

Chlorate of potash is either sold as ‘ crystals ’ 
or ‘ ground ’ For the foimor purpose the ciys- 
tals, as they come from the drying plates, are 
sifted thiough a sieve with eight holes to the 
linear inch, or loss, as the case may be. The 
powder is best ground while still slightly warm 
The mills may be of any description, horizontal, 
edge ruimers, rolleis, but the chlorate duimg 
grinding ought not to come into contact with 
iron, nor with any 01 game substance (straw, 
wood chips, &c.), or dangeious explosions may 
occur It must be sifted through a revolving 
sieve, made of miller’s gauze, with mechanical 
brushes. The powdci ought to be snow-white, 
and without any grittmess, like line flour. The 
crystals ought to bo thm, brilliant transparent 
plates , excessive drying will make them opaque. 
Both are usually packed m 1-cwt kegs, laid out 
with blue paper. 

The loss of the cliloimo used to amount to 
about 38 p c , with the now processes the losses 
are about 30 p c , or at least 25 p.c. The loss 
of the potassium amounts to 25 p c 

Magnesia Chloiaie of Potash Process — The 
great loss of chlorate in the ordinary process 
has given rise to the process of Muspratt and 
Eschellmanii, where magnesia is substituted 
for lime (Eng Pat 3960, 5183, and 5186 of 
1883 , and 1900 of 1885) A detailed descrip- 
tion of this piocess has been given by Higgins 
(J. 80 c. Chem. Ind. 1887, 248). The magnesia is 
obtamed by burning Greek magnesite at not 
too high a temperature ,* when ovei burnt it is 
useless for the absorption of chlorine. The 
MgO 18 very finely ground, suspended in water, 
and exposed to the action of chlorme in the 
ordmary octagons The reaction is not so vio- 
lent as with lime The tempeiature of a hmshed 
octagon 18 usually 43°, and it never exceeds 
60°. In the hmshed liquor the proportion of 
chlorate to chloride is very near to the theoie- 
tical, VIZ 1.5*1 or less, this constitutes an 
important advantage over the lime process, 
7 p c. less chloride bemg formed. No pmk 
colour appears with very pure magnesia, but it 
does when it contains manganese. The strength 
of this liquor vanes from 1*17 to 1 22 . 

The octagon liquor is now boiled down to 
76°-80°Tw , when on coolmg about 50 p.c of 
the chloride will crystallise out as MgCl 2 , 6 H 20 . 
The mother liquor contains tl mol. chlorate to 
2 8 chloride. Potassium chloride is now added 
to it m slight excess, and the potassium chlorate 
orystallised out. The mother liquors bemg 
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much less in quantity than with lime, and 
KCIO3 being less soluble m MgCl2 than in CaCl2, 
the magnesia mother liquors contain much less 
chlorate than lime liquor (on an average 19 
grams down to 10 grams per litre), and the 
yield of KOIO3 to 90 p.c. of the total. 

The mother liquor is treated with HCl to 
destroy the chlorate, with due precautions 
against explosions The still liquor is now 
neutralised with MgO ; a solution of kieserite 
(MgS04) 18 then run in to decompose the 
calcium chloride present, and the gypsum, along 
with iron oxide, is settled out. The liquor is 
now concentrated in cast-iron pots (wrought 
iron IS acted upon too much) ; the iron dissolving 
in the liquor is oxidised to the ferric state, and 
18 precipitated by MgO ; the settled liquor is run 
into barrels, whore it sets to a hard mass con- 
tainmg 47 p c. of MgCl^ This magnebium 
chloride is sold to cotton sizers 

This process would, of course, only become 
general if the magnesium chloride obtained as 
a by-product could be profitably decomposed for 
chlorine, as it is not sale<3/ble by itself m very 
large quantities, and could not compete in 
price with the Stassfurt article Huch utilisa- 
tion of magnesium chloride for the manufactuie 
of chlorine had been intended by Weldon, who 
fiist proposed magnesia for the above purpose, 
and it IS again mentioned in a patent of J 
Wilson (5976 of 1884). Twyman (4397 of 
1881) proposes dolomite, under the idea that 
double chloride of potassium and magnesium 
(carnallite) will crystallise out of the mother 
liquor after the chlorate. (This seems quite 
hopeless, since the piincipal question is not 
that of saving KCl, but Kf^lO, ) 

Ehctrolytic Chlorate of Potash Processes are 
the most recent In the preparation of chlorine 
from potassium chloride solution by the (iries- 
heim process when using magnetite anodes the 
by-product formed is potassium chlorate, and 
it crystallises out in the anode colls and is 
recovered More direct methods are described 
under Sodium chloiato. 

Uses of ( h Ionite of potash SbTe principally for 
the manufacture of lucifcr matches, for pyro- 
tcfhnical purposes, for tiiscs, tor some descrip- 
tions of gunpowder, and other ca^ where it is a 
constituent of explosive matciials It is also 
largely employed, on account of its oxidising 
properties, in dyeing and calico ]irinting, m the 
manufacture of alizarin, &c. 

Sodium chlorate. This compound, which 
formerly was only a chemical cuiiosity, has 
become of technical importance, since it was 
found that it is much more suitable for the 
preparation of amhne black than potassium 
chlorate, owing to its greater solubility 

It was at hrst thought that it could not be 
prepared from the calcium -chlorate liquor of 
the ordinary process, because NaClOg is very 
soluble, and cannot bo separated from CaCl2 by 
crystallisation, and when a demand for it sprang 
up, it was made from potassium chlorate by 
means of hydrofluosihcic acid (r/ Lunge’s Alkali, 
3, 320), and was sold at two or three times the 
pneo of the potassium salt 

The process of Bottomley and Molesworth 
(Pat. 3005 of 1881) consists in treating a hot 
saturated solution of potassium chlorate with 
one of bitartrate of soda, and separating the 
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precipitated potassium bitartrate from the 
solution of sodium chlorate 

The manufacture of chlorate of soda from 
calcium chlorate liquor was first carried out 
by P^chiney, by means of his process of 
removing most of the calcium chloride from 
the crude liquor by crystallisation. The purified 
liquor thus accumulated during the colder part 
of the year is mixed with a solution of ordinary 
sodium sulphate, that is saltcake, neutralised 
by lime before it is used, with continuous 
agitation, until all the calcium soluble salts 
have been converted into calcium sulphate, 
and final additions of either liquor are then 
made until noithei is in excess. 1’he CaS()4, 
which, under the pioper conditions, is crystal- 
line, IS then separated flora the liquor by 
filtration and washed in a hydio extractor 
The solution of sodium chlorate and sodium 
chloride is now concentrated by evaporation, 
during which most of the sodium chloride 
separates m the solid foim and is fished out 
The remaining solution on cooling yields crystals 
of sodium chlorate, which are purified by 
recrystallisation. The purified sodium chlorate 
crystals contain no more than 0 1(> pc NaCl. 
The mother liquors fiom the chlorate crystals, 
and the washings of the sodium chloride, go 
back into the process, and thus nearly all the 
chlorate contained m the liquor is obtained 

Chlorate of soda is manufactured by the 
Muspiatt Chlorate Process by means of tlioir 
magnesium chloiato liquor, freed from nearly half 
the MgfJl, by evaporation and crystallisation {ef 
supra) To this liquor sodium carbonate is added, 
till all the magnesia is precipitated as a basic 
carbonate (magnesia alba), in order to bo used 
over again in the process The remaining 
solution of NaClOg and NaCl is concentrated 
by evaporation, with fishing out the NaCl, and 
ahor attaining l20°Tw , is allowed to cool down , 
the sodium chlorate crystallises out, and is 
purified in the usual manner 

Manufacture of Alkaline Chlorates by Klecf ro- 
ly sis The passing of an electric current thiough 
a .solution of NaCl or KCl liberates Na or K at the 
cathode, and C!1 at the anode The Na or K at 
once decomposes H O to form NaOH 01 KOH 
and hydrogen gas If the electrolyte is heated 
from 45° to 100°, and the caustic alkali is re- 
moved promptly from the cathode to the anode, 
the Cl liberated is absoibed in the caustic alkali 
produceii to form chlorate There are, however, 
a number of secondary reactions, both at the 
anode and the cathode, and the electrolysis of 
the chloride cannot bo earned to completion, 
because the product, the chlorate, is itself 
subjected to electrolysis and so destroyed 
Theoretically, a current of I ampere will pro- 
duce m 1 hour 0 7627 gram KCIO3, or 0 663 
gram NaClOg 

Gall and Montlaur, in their Eng Pat 4686 
of 1887, describe the production of alkaline 
chlorates by the electrolysis of alkaline chlorides 
in a trough divided into two parts by a porous 
diaphragm The anodes are platinum-indium 
sheets containing 10 p.c. 01 indium ; the 
cathodes are iron, though it is stated that nickel 
would be preferable. The electrolyte consists 
of a 25-p e solution of KGl, kept at a tempera- 
ture of about 80°. The liquor from the catnode 
compartment containing the alkaline hydrate 
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there produced, is circulated through the anode 
compartment and combines with the chlorine 
liberated. A current density of 60 amperes 
per square decimeter is used, and a pressure of 
4*5 to 6 0 volts IS required In the case of 
potassium chlorate, the anode liquor is run into 
crystallising vessels, where the KCIO3 crystal- 
lises out, and the mother liquor, after resatura- 
tion with KOI, 18 passed back to the cathode 
compartment In the case of sodium chlorate 
the anode liquor has first to be concentrated 
to crystalliso out the NaCl before crystallising 
out the NaOlO,. The crystals obtained require, 
of course, to bo refined by recrystallisation, as 
in the case of tliose produced by chemical 
proc’csses 

Hurter (Eng. Pat. 15396 of 1893) electrolyses 
KC!1 in a metal vessel which acts as cathode, 
and which has on its inner side a coating con- 
sisting of a mixture of Portland cement, salt 
and sand, which, after washing out the salt, 
yields a porous diaphragm The anode is a 
sheet of platinum suspended in the centre of the 
vessel Several vessels are superposed and 
worked m senes, being kept apart by insiilating 
rubber rings A solution of K(3 containing 
a little caustic alkali is run into the top vessel, 
from which it overllows, through a glass or 
ebonite pipe, into the coll below. The hydrogen 
evolved estajies by jupes from the upper pait 
of each compartment 

Blumenburg (Eng. Pat 9129 of 1894) 
describes a coll with a porous diaphragm in 
winch the anode compartment is closed and 
connected by a pipe with the bottom of the 
cathode compartment, so that the chlorine 
liberated at tlio anode passes into the liquor in 
the cathode compaitmcnt, and there combines 
with the caustic alkali produced, the tcmpera- 
tuio being maintained at a tompeiature of 
about 49°. In the Ger Pat 89036, and also in 
the U S Pat. 637179, Blumenburg passes the 
chlorine gases from the anode compartment 
into a gas holder, from which they jiass to a 
separate combining vessel, whoie they are 
absorbed in the alkaline liq uor from the cathode 
compartment. Chlorate is also formed as a 
by-product m the Griesheim coll described 
above, when using the oxide of iron anode 

In 1899 Imhoff made a groat advance in the 
electrolytic production of chlorate by his dis- 
covery of the action of small cpiantities of 
chromate of potash or soda m the electrolyte 
(U S Pat 027063 of 1899) The action of the 
chromate is to form an insoluble him around 
the cathode, and so to prevent the reduction 
of hypochlorite and chlorate by the nascent 
hydrogen evolved at the cathode, and has 
resulted in a veiy marked and important 
improvement in the cuirent clliciency 

Details of the electrolytic chlorate processes 
up to 1903 wore collected by J B C Kershaw 
and published as vol. 19 of the Monographicn 
der angewandte Elektrochemie, under the title, 
Dio elektrolytische Chloratmdustrio, 1906, 

p 122 

Perchlorates of Potassium, Sodium, and 
Ammonium. That by the electrolysis of 
chlorates there wore formed perchlorates, was 
first shown m 1816 by Stadion, and in 1847 
conhrmed by Kolbe With the aid of such 
electrolytic methods the above-named per- 


chlorates have been manufactured in Mansboe, 
Sweden, since 1896, in considerable quantities 
(Carlson, Zeit. fiir Elektrochemie, 6, 471), 
and smce 1901 in Chedde, France {see Lederlin, 
1). R. P. 136678). The ammonium salt is used 
in the manufacture of explosives. Laboratory 
experiments are described by Foerster (Zeit. 
fur Elektrochemie, 4, 386) and Wmtcler (Chem. 
Zeit. 22, 90) ; see Kershaw, Elektrolytische 
Chloratindustrie, p 67. 

Hydrochloric Acid, Commercial hydrochloric 
acid IS a more or less pure solution of hydrogen 
chloride HCl m water. 

Hydrogen chloride is a colourless gas, of 
sp gr 1 2696 (air=l), and molecular weight 
36 457 By weight it consists of 2 74 parts of 
hydrogen and 97 26 parts of chlorine It can 
be condensed into a liquid by cold and pressure. 
Its mp 18 —111 4°, and bp. -83 1°, and its 
critical constants +61 4°dh0 1° and 81 55+0 15 
atmospheres. 

The vapour pressures can bo expressed 
between 10° and 61 4° by the formula : 
log p=\ 16204840 010312(/-10 2) 

-0 000019989(^-10 2)2 
and between —24 2° and 10° by the formula . 
log p=l 10106+0 013277(/+24 2) 

-0 000039978(/f24 2)2 
(Cardoso and Oermann, J Chem. Phys 1912, 
10,517; 11,632). 

The heat of formation of a gram-molecule of 
HCl 18 22001 cals 

Hydrogen chloride has a great affinity for 
water, and is greedily absorbed by it The solu- 
tion 18 the ordinary hydrocbloiic acid which, 
when somewhat concentrated, (‘inits fumes of 
HCl on exposure to the air The following 
table by H Deicke shows the maximum solu- 
bility of H(J1 in watei at varying temperatures. 
1 <’ c dissolves at the toinperaturc from an 
atmosphere of pure HCl at 760 mm pressure — 


r 

Voh nClatO" 
and 760 min 
di'^bolvod in 

1 vol 

Specific gravity 
of the satu- 
rated solution 

Percentage of 
H('l by weiglit 
m the solution 

o°c. 

525 2 

1 2267 

45 148 

4 

494 7 

1*2265 

44 361 

8 

480 3 

12185 

43 828 

12 

471*3 

1 2148 

43 277 

14 

462 4 

1 2074 

42*829 

18 

451 2 

1 2064 

42 344 

23 

435 0 

1 2014 

41 536 


The behaviour of aqueous solutions of HCl 
under varying conditions of temperature and 
pressure has been studied by Roscoe and Dittmar 
(Chem Soc Trans 12, 128) They found that 
concentrated hydrochloric acid on heating loses 
both gas and water, but as the proportion of 
HCl to H^O is higher in the vapour than in the 
original liquid, the residual liquid gradually 
becomes weaker, untd a sp gr of 1*101 and a 
percentage of 20 24 HCl is attained at a boiling 
temperature of 110°; the acid m this state 
distus without change, provided the atmospheric 
pressure is 760 mm. At a lower pressure the 
acid distilling unchanged is stronger, at a higher 
pressure it m weaker. A si milar, but not identical 
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limit is attained when strong acid is exposed to 
the air at ordinary temperatures. 

The following table gives the percentages of 
HCl in aqueous hydrochloric acid at various 
specific gravities and at a temperature of 
15° 


Deg. 

TwadJell 

Spec. 

gravity 

Percen- 
tage of 
IICI 

Grams 

HCl 

per litre 

1 cubic 
foot 
weighs 
Ills 

1 cubic 
foot con- 
tains lbs 
ot HCl 


"I 

•n 

o 

1 

1 
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1 

12 

11 

32 

02 

60 

0 
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1 
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1 
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1 
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3 

12 

31 
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03 
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1 
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1 
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4 

11 

41 

99 

03 

00 

2 

01 
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5 

1 
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5 

11 

52 

41 

03 

91 

3 

20 


oo 
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1 
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0 

11 

02 

93 

04 

22 

3 
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7 

1 

035 

7 

10 

73 

55 

64 

53 

4 
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8 

10 

84 

27 

04 

84 

5 

25 

ft 

h> 

X 1 

9 

1 
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9 

10 

95 

•09 

05 
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5 

93 

o 

I 

10 

1 
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10 

09 
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01 

05 
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0 

01 


1 

11 

1 
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11 

09 
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02 

05 

48 

7 

31 

o 
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12 

1 
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12 

09 

128 

14 

00 

09 

8 
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13 

08 
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30 
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40 

8 

09 
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1 
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14 

08 
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08 

00 

71 

9 

40 

w 

o 
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15 

1 
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15 

08 
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10 

07 

03 

10 

11 

o 
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10 

07 
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02 

07 

34 

10 

83 
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1 
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17 

07 
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24 

07 

05 

11 

55 
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18 

1 
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18 

07 
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90 

07 

90 

12 

28 

Pm 

CO 

19 

1 
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19 

07 
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78 

08 

27 

13 

02 

C 
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20 

1 
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20 

Oh 
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70 

08 

59 

13 
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pH 
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21 
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08 

90 

14 

51 

Eh 

M 

§ , 
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1 
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22 

Of) 
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80 

09 

21 

15 
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09 

52 
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04 

(A 
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05 
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34 

09 

83 
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79 
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70 

70 

14 

17 
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M 
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20 
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28 

70 

40 

18 

35 
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27 

1 
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27 

04 
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90 

70 

77 

19 

14 

P«^ 

CM 

' o 

28 

1 
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28 

04 
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02 

71 

08 

19 

93 

C/2 

1 

29 

1 
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29 

03 
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44 

71 

39 

20' 

73 

P^ 
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30 

1 
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30 

03 

345 

30 

71 

70 

21 

54 
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31 

1 
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31 

03 
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34 

72 

02 

22 
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32 

1 
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32 

02 
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44 

72 

33 

23 

10 

o 
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33 

1 
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33 

02 
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04 

72 

64 

23 
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W 
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34 

1 
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34 

02 
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94 

72 

95 

24 

82 

^ 1 
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35 

1 
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35 

01 
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34 

73 

20 

25 
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36 

1 
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36 

01 
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84 

73 

57 

2f) 

49 

Pi 

p^i 
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1 
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37 

01 
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44 

73 

89 

27 

34 

S 

CO 

38 

1 
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38 

01 
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14 

74 

20 

28 

20 
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1 
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39 
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00 

74 

51 

29 

00 

H 
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1 
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40 

00 
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84 

74 

82 

30 

00 

Pm 

C 

o 

CO 


hydrochloric acid of commerce was obtained as 
a by-product of that process , at first the process 
produced enormously more hydrochloric acid gas 
than could be sold as hydrochloric acid liipior, 
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Lunge and Hurter’s Alkali-Maker’s Hand- 
book gives somewhat lower figures , they also 
give the following table for correcting the 
hydrometer readings for varying temperatures 

The Manufactuue op Hydrochlouic Acid 

In former days small quantities of acid were 
produced by decomposing common salt with 
sulphuric acid in cast-iron cylinders, and in 
order to utilise the more expensive sulphuric 
acid, an excess of common salt was used. The 
solid product loft in the cylinder consisted of 
sodium sulphate, mixed with 20-30 p c. NaCl 
and was commercially known as cylinder cake. 
The production of hydrochloric acid from 
cylinders has, however, practically ceased. 

Some time after the establishment of the 
Leblanc soda process m this coimtry all the 
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and some of the difficulties encountered in con- 
sequence are detailed in the following account. 

New sources of hydrochloric acid arose when 
acetic acid began to bo chlorinated by the 
Badische Amlin und Soda Fabrik in great 
quantities for the manufacture of monochlor- 
acetic acid and artificial indigo, and as one after 
another organic compound came to bo chlonn- 
atod. Lastly, since the output of chlorine from 
the electrolysis of the chlorides of potassium 
and sodium was not sufficiently readily taken 
up, processes are now proposed of converting 
chlorine into hydrochloric acid either with the 
aid of hydrogen obtained in the decomposition 
of wood or of the hydrogen obtained at the same 
time as the electrolytic chlorine. 

Hydrochloric Acid obtained in manufachmng 
Sodium Sulphate {Salt Cake). When Leblanc 
decomposed salt in order to obtain sodium 
sulphate he proposed to convert the hydro- 
chloric acid gas evolved into ammonium 
chloride ; but when the Jjoblanc soda process 
was introduced into this country that part of 
his suggestions was not carried out, and the 
acid gas was regarded as possessing no value, 
and it was simply allowed to escape into the 
air. This continued to bo the case even after 
that manufacture had attained a comparatively 
largo extension, but tlio damage caused to the 
neighbourhood by (ho acid gases soon brought 
about the int('i \ rntion of local authorities and 
courts of law, and manufacturers wore com- 
pelled to pay compensation for the damages 
they had done Repeated penalties compelled 
the alkali manufacturers to seek means for 
condensing the acid gas This was first success- 
fully done in 1836 by Gossage’s coke towers, 
but for many years after this there was still 
considerable damage done by escaping acid 
gas The continued disregard by the old alkali 
manufacturers for the rights of their neighbours 
led m Belgium, in 1856, to a Parliamentary 
Commission, and in this country in 1863 to 
Lord Derby’s Alkali Act, and the several 
subsequent Acts, by means of which British 
alkali makers were compelled to adopt thoroughly 
efficient means for condensing their hydro- 
chloric acid, and this has bcnehted all other 
manufacturing countries as well 

The reports made by the inspectors under 
the Alkali Acts form an invaluable record of 
all the various steps taken for improvmg the 
condensation of hydrochloric acid, and have 
helped to spread a bettor knowledge of that 
process and have caused manufacturers to 
improve it up to the highest standard of 
efficiency 

The Alkali Acts of 1863 made it incumbent 
upon those decomposing salt to allow no more 
(h.in 5 pc of the hydrochloric acid to escape 
into the atmosphere An additional Act of 
1874 prescribed that no more than 0 2 grain of 
riCl might bo present in a cubic foot of the gas 
escaping from the factory into the air. This 
corresponds to 0 464 gram HOI per cubic metre, 
or about three ten-thousandths by volume. 
The latter clause applies to the chimney gases 
as well, and not merely to the gases escaping 
directly from the condensing apparatus. 
Although these requirements were at first 
declared by many to be impossible of fulfil- 
ment, the actual results proved at once that 


they were quite possible, and the escapes regis- 
tered by the Alkali Inspectors have averaged 
far below the limits assigned by the Acts. 
In 1886 only 2 13 p c of the total hydrochloric 
acid was allowed to escape, and the chimney 
and other gases escaping into the air contained 
only 0 10 gram HCl per cubic foot. No 
change has been made in the limit fixed in 
1874, and the working of that Act remains satis- 
factory Compare the survey of those Acts by 
the Chief Inspector under these Acts in J. Soo. 
Chem. Ind 1892, 120. 

Although the various processes and apparatus 
used for tne manufacture of sulphate of soda 
produce gases differing within wide limits in 
temperature and concentration of HCl, an 
efficient condensation, t e practically complete 
absorption of the HCl m water to form a liquid 
acid of 1 16-1 17 sp gr. is usually obtained 

The efficiency of the condensation of gaseous 
HCl in water is dependent on throe considera- 
tions : 

1 Temperature of the gas and of the 
liquid. 

2 Concentration of HCl in the gases to be 
scrubbed and of the acid liquid to be produced 

3 Time of contact between the gas and the 
liquid, and the average distance between the 
gaseous pai tides and the liquid particles, and 
also the thickness of the liquid layer, and on its 
motions internal and as a whole. 

On issuing from the sulphate of soda plant 
the acid gases require cooling The apparatus 
used for this purpose depends on 
the temperature of the gases. 

If the gases issue from the 
pot or pan of a handworked salt- 
cake furnace, the temperature is 
comparatively low. In this Ciise 
the cooling is usually done in a 
row or rows of earthenware pipes. 

The pipes used are often un- 
glazed, but are rendered imper- 
vious to moisture and gas by 
boiling m tar Tn some cases 
the earthenware pipes are sub- 
stituted by glass pipes of 12 
inches diameter, made slightly 
taper, as shown in Fig 27. The 
glaas pipes are, of course, more 
liable to breakages by accident, 
and also through the effect of 
violent changes of temperature, 
than the earthenware pipes, but 
in sheltered positions they last 
well. 

For the hotter gases issuing 
from the furnace of an ordinary 
muffle hand sulphate of soda 
furnace, or from the cylinders 
of the Hargreaves process, cast- 
iron pipes are usually used to 
cool the gases down to a safe 
temperature before passing them 
as before into earthenware or Fig 27. 
glass pipes The action of, the 
hydrochloric acid gases on cast iron, wlien at 
a temperature well above^condensing -point of 
liquid acid, is very slight. 

When open furnaces, whether ‘ hand ’ or 
‘ mechamcal ’ (such as the Mactear furnace), are 
used, the acid gases are mixed with the products 



CHLORINE 


217 


of combustion, and are consequently both much 
hotter and more dilute Under those conditions 
extensive series of cast-iron pipes 
are used for the preliminary 
cooling before passing the gases 
into the earthenware pipes for 
final cooling. 

The earthenware pipes used 
are usually 12-inch or Ifi-mch 
diameter socket pipes, the joints 
being made with a cement of 
tar and China clay The cast- 
iron pipes vary from 12 to 20 
inches in diameter, according to 
the quantity of gas, and the ar- 
rangement of the cooling system 
of pipes ; they are socket pipes, 
the joints being made by ram- 
ming into the socket iron filings 
moistened with ammonium chlo- 
ride solution. 

The arrangement of the cool- 
ing pipes depends on the rela- 
tive positions of the salt-cake 
furnaces and of the acid con- 
densers and the space available 
When the salt-cake furnace is a long dis- 
tance from the condensers, a single direct line 
of pipes may be a sufficient means of cooling ; 
where the distance apart is small tho necessary 
amount of cooling surface is obtained by adding 
extra lengths of pipe that run vertically up and 
down and that start from a small stone cistern 
and return to another stone cistern for the 
purpose of collecting any liquid deposited 


45°, or even to 25°. The cooling of weak gas is 
far more important than the cooling of strong gas 
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Tho cisterns are usually made in this country 
of silicious sandstone found m Yorkshire, 
and known as ‘ Yorkshire flag.’ The cisterns 
, are composed 

of flags 4-0 
inches thick, 
bound to- 
gether by 
strong iron 
ties, and the 
joints made 
tight by thick 
indiarubber 
cord laid in a 
groove be- 
tween tho 
faces of the 
two stones or 

by a mixture of tar and lire clay, as in Fig 30 
Bv oiu^ ()i more of the above arrangements of 
and cisterns the acid gasesi are^cooled to 


IH 
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The gases next enter the apparatus where 
the hydrochloric acid gas is to bo converted 
into a liquid acid of commercial strength, and 
that in such a manner that practically hardly 
a trace of acid escapes 
condensation 

Tho apparatus 
almost universally 
used are tall stone 
towers, packed with 
broken coke specially 
arranged, down which 
a stream of water is 
allowed to trickle, 
and up which the 
gases are caused to 
flow (Fig. 31) These 
towers were invented 
and patented b^ 

Gossage, in 1836. 

Tho coke tower 
has the merit of sim- 
plicity, and, when 
carefully packed, of 
efficiency 

The comparative 
efficiency of vanous 
modes of treating 
liquids with gases has 
been dealt with in a 
senes of papers by 
Hurter, who also 
gives some interest- 
ing data on cokc- 
packod towers (J 
Soc Chem Ind 1885, 

639; 1887, 707; and 
1893, 227 and 989). 

Coke towers are 
erections of consider- 
able height, varying 
from about 40 feet 
to 60 feet. The hori- 
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zontal sectional area may vary from 25 to 
180 square feet. They are provided with a 
grating a'^.few'^oet over tho bottom, on which 
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rests the coke which forms the ‘ packing * of 
the tower This coke, which must bo of as 
hard a quality as possible (only the best oven- 
coke 18 applicable for this purpose), is disposed 
in such a way that the gas is as much as possible 
divided in a large number of channels (none of 
them bemg so wide that the bulk of the gas 
can pass up through it), and that the current 
of gas is constantly changed in direction. For 
this object long pieces of coke are laid parallel 
in a row, the next row is made to cross the 
lower one, and so forth The size of the pieces 
18 gradually diminished from bottom to top. 
In order to avoid an excessive quantity of the 
ga»s passing up the side of the condenser along 
the wall, it 18 usual to place a layer of finer coke 
round the condenser for a few inches from the 
wall By this arrangement there is elTected 
both a great division and constant mixture of 
the gases, and at the same time a suitable 
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spreading of the feeding water over a very large 
surface. One great advantage coke has over 
flmts or other packings is that, owing to the 
roughness of its surface and its porousness, it 
always retains a large store of liquid, which 
tends to keep the working of the condensers 
steady under a fluctuating flow of acid gases, 
and to tide over difliculties occasioned by any 
unintentional stoppage of tlio liquor supply. 
The water (or sometimes weak acid) is fed in at 
the top by some contrivance assuring a uniform 
distribution over the whole area of the tower , 
and in trickling down it keeps the surfaces of 
the coke moist, and a very large area of contact 
between the gases and the liquid is thus pro- 
duced These towers are so simple to construct 
and so effective that of recent years there has 
been a growing tomlcncy in England to’do away 
with all cooling pipes, cisterns, wash towers, &c , 
and to use a couple of very large stono towers to 


do the whole work of cooling and condensation 
for two or oven more salt-cake pots and furnaces 
The towers aio worked in series, the weak acid 
from the second or final tower being lun down 
the first tower In this way both complete 
absorption of the acid is assured, and the pro- 
duction of a strong liquid acid, i e one of over 
1 15 sp gr. To condense the acid from two- 
hand salt-cake furnaces the two towers may 
each be 5 feet square and 50 feet high 

No difficulty is now experienced in pumping 
the weak acid made in the second condenser 
on to the top of the first condenser, either by 
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stoneware acid eggs, or occasionally even yet by 
the Hazlehurst membrane pump, patented in 
187() The ascension pipe is usually of stone- 
ware or ebonite, occasionally of lead 

Brick towers are not to be recommended, as 
it is practically impossible to keep the numerous 
joints tight against acid oozing out Columns 
of stoneware pipes cannot be made of a largo 
area, and, thoreiore, are not very well adapted 
to large works, at least if intended for coke 
towers , but they do very good service at 
smaller works, or as supplementary to a largo 
condensing plant of stoneware recoiverH TIk' 
material mostly employed for coke towers is .k id 
proof sand^foife or, in France, volvic lava, just as 
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for acid tanks TIh' svstem of joining the flags 
together IS the s,iin(‘ as shown in Figs 28 and 
2‘), or (‘Ko as in thg iU), or as shown in Fig 32, 
in which the flags arc kept together by means 
of grooves worked in tho stone, and without 
the aid of any ironwork, which is always a source 
of anxiety in acid condensers. 

The coke towers are generally placed at a 
high level, and are, if necessary, put upon pillars, 
foi the purpose of running the acid from them 
by gravitation either into chlorine stills, or into 
store cisterns for sale They must, of course, 
have a very secure foundation, in the construc- 
tion of which not merely the great weight of the 
tower must be considered, but also the proba- 
bility tliat there will bo now and then leakages 
of acid which may make the foundation unsafe. 
This can be avoided by asphalting tho ground 
in such a way that any acid running down 
cannot penetrate into the soil, and is conveyed 
to a sate distance Any damage done to the 
foundation, even if it amounts to much less 



Fig. 34. 


than would cause the erection to break down 
altogether, is extremely injurious, because it 
will almost unavoidably lead to the tower 
getting out of level, m which case tho liquid will 
principally descend on tho lower side , thus 
the necessary distribution of the liquid is not 
attained, and tlio action of the condenser is 
most injuriously affected 

It has been already stated that the feeding 
:)f the towers with water or with weak acid 
must take place in such manner as to distribute 
it equally over the whole surface of the coke, 
formerly this was generally done by a distri- 
buting wheel (shown in Figs 33 and 34) woiked 
by tho pressure of the feed water itself Fig 
13 ought to show two jets feeding the outer 
‘ircle of holc-^ 'Fhis c<iusos the stream of water 
io roach successively every one of tho holes on 
die top of tho condenser, and thus secures a 
iniform distribution without depending upon the 
top of the tower being at a mathematical level. 

Recently most manufacturers have done 


away with these at id wlicels, and have intro- 
duced troughs provided with a number of over- 
flows all at the same level, feeding tho same 
number of ‘ lutes ’ This arrangement is indi- 
cated on Fig 31. This figure represents a tower 
built as Fig 32, the cross-hatched outer portion 
representing the timber framework to support 
tho feeding cistern 

Another form of apparatus for dLSSolvmg 
the hydrochloric acid gas is the Lunge Rohrinann 
plate tower, shown in Figs 35, 36, and 37. 
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It consists of an earthenware tower packed 
with a series of perforated plates e, e, the per- 
forations being made to alternate in successive 
plates, so that each hole corresponds to a solid 
place in the plates just above and below Figs 
36 and 37 show one of the plates in detail. 
As 18 to bo expected, the evidence for and 
against the improved packings for tho con- 
densing towers IS very conflictmg, and as the 

t300@G 
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Fig. 36. Fig 37 

cost of them is naturally higher, the coke-packed 
tower has fully maintained its position. 

In France and Germany a somewhat different 
system of cooling and condensation is in general 
use. Tho earthenware and glass pipes mentioned 
above as being used almost exclusively in this 
country for tho cooling of the gases are more or 
less completely substituted by a senes of 
earthenware Woulffo’s bottles, known technically 
as bornbonnos or touries {see Fig 38) Tin* 
figure IS drawn too small to show that tho 
vessel on the right is about 1 inch higher than 
tho vessel on 1 he left ; the liquids travel down 
lull from right to loft, and consequently the 
gases are made to travel from left to nght 
The size of the bombonnes varies from 40 to 100 
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applications of hydrochloric acid The siil- 1 denser or dry scrubber before condensation 
nhuric acid in the salt-cake furnace gases can I A largo numbei of suggestions have been made 
be removed to a large extent by a small con- | for the purification of the salt-cake furnace 


CHLORINE. 


gallons. They are arranged in sets of 40 up to 
Too, as shown in Fig 39, and, in spite of the 
relatively in^li temperature in the loading 


no. 

borabonno, eventually gives a liquid acid of 
1'16“1*18 sp gr They are made of the best 
stoneware, which is rible to stand somewhat 
violent clianges of temperature After leaving 
the bom bonnes, the acid gases aio finally 


scrubbed with water in a coke-packed tower, 
similar in design but usually much smaller than 
those used m this country The weak hqmd 
acid produced in this tower supplies the stream 
of weak acid required by the bombonnes The 
figure does not show the means of running off 
the strong acid from the lowest bombonnes in 
the senes, nor the cisterns, &c , for receiving the 
acid. 

In the condensation of hydrochloric acid 
gas in water with the apparatus at present used 
and described above, there is little reason for 
difficulty in avoiding losses of HCl through in- 
complete absorption The difficulty more com- 
monly experienced is to combine the complete 
absorption enforced by law with a high-strength 
liquid acid 

The impurities found m commercial hydro- 
chloric a< id made by the above proce^^sos are, 
chiefly, sulphuric acid, ferric chlonde, arsenic 
trichloride, and either free chlorine or sul- 
phurous acid 

Sulphuric acid is the largest impurity. The 
hydrochloric acid condensed from the pan or pot 
gas is always much purer than that from the 
i roaster gas. The quantity of sulphuric acid m 
the gases from the salt-cake furnace sometimes 
amounts to ' 2 p o. and upwards ; it is very 
troublesome m the Weldon, and fatal in the 
Deacon, chlorine process, and in some^ other 
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gfiscs, so as to render them suitable for the 
Eocrou piocoss, but the only one of these pro- 
cesses to aclueve practical success is the llasen- 
clever process (Eng Pat 3393 of 1883). {See 
at end of Eeacon Ciilonno Process ) 

Arsenic gets into the hydrochloric acid 
tliroueh the sulphuric acid employed m its 
manufacture , the arsemc is thereby converted 
into AsCla, and passes as such mto the conden- 
sing apparatus. Many plans have been pro- 
posed for its removal — most frequently a tieat- 
ment with sulphuretted hydrogen or with 
sulphides. Bettendorf (Dmgl. poly J. 194, 253) 
precipitates the arsenic from concentrated hydro- 
chloric acid by stannous chloride, and then 
distils the decanted acid. Euflos dilutes the 
acid to sp gr. 1*13, and digests it with strips of 
sheet copper at 30°C for 24 hours, and repeats 
tins treatment with freshly scoured copper 
This removes all the arsenic and the free 
chlorme, and reduces the feme chloride to 
ferrous chloride, which remains behind on 
distillation Beckurts (Pischer’s Jahresb 1884, 
348) distils hydrochloric acid with ferrous 
chloride and removes the first 30 p.c. containmg 
dll the arsemc 

Selemum is sometimes found in such quan- 
tities in hydrochloric acid as to be tioublesome 
m its application (Davis, J. Soc. Chem. Ind. 
1883, 167) ^ 

, Hydrochloric Acid from other Sources than the 
Lehlaiic ProccM Attempts have been made to 
pioduce hydiochloiic acid from many sources, 
notably from the residual liquors of theainmoma- 
soda process A number of suggestions have 
been made for the direct production of HOI . 
1st, from CaCla , 2nd, fiom MgCla , 3rd, from 
NH4CI In this connection compare the 
references given for the production of chlorine 
from these bodies earlier in the article. As far 
as IS known, ^one of the processes is used. 
Mond (1883) heats the ammonium chloiide with 
so much sulphuric acid that the acid sulphate 
13 formed and all HOI is expelled The acid 
sulphate is converted by means of ammomacal 
vapours into the neutral salt of commerce. 
O. N. Witt (1886) expels the HOI from NH4CI 
by means of syiupy phosphonc acid, which 
forms ammomum phosphate On heatmg this 
at a higher temperatuie, the ammoma is driven 
out as well, and the phosphoric acid is re- 
generated Jurisch (Dmgl. poly J 267, 431) 
has shown that this process is not piacticable, 
because there is no material known which resists 
the fusing phosphoric acid, and only 63 to 86 
p c. of the NH3 is recovered. Mond passes the 
vapour of ammomum chloride over nickel 
oxide, heated to at least 360°, which absorbs 
the HCl and allows the NH3 to pass on After 
a certain time the process is changed by raising 
the temperature to 600° or 600° and decomposing 
the mckel chloride by steam, when HCl is 
driven off and NiO regenerated (Several 
patents taken out m 1886 ) 

Durmg recent years, when the chlorination 
of organic compounds has grown by vast 
strides, the hydrochloric acid gas produced 
when a hydrogen atom is substituted by a 
chlorine atom, has had to be collected and 
utihsed These reactions aio lef erred to m a 
previous page when describing the uses of 
chlorine. The hydrochloric acid ^as is evolved 
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almost pure, is easily condensed, and yields an 
acid quite free from the usual impurities 

Hydrochloric acid has also been produced 
by passing chlorine over wood at a temperature 
of 160°-350°, whereby charcoal is also formed 
(Bosnian Electricity Works at Jacie, D. R. P. 
16808b) 

Lastly, hydrochloric acid has been piepaied 
by processes inverting the piactices of the last 
hundred years, namely, it has been prepared 
from its elements as a direct and dehnite pro- 
cess without the formation of by-products, or 
for any other reasons than its own preparation 
and the utilisation of the two elements formed 
by the electrolysis of potassium and sodium 
chlorides. The gases are mixed and passed 
over charcoal (D R. P 114219), or they are 
burnt together at jets (Soc Itahana di Elettro- 
chimica; J. Soc. Chem Ind 1915, 1142), or 
they are combined together by Roberts’ patent 
(Electrochemical and Metallurgical Industry, 
1910, 704), and by this last process the acid has 
been manufactured m Niagara since 1914. 

The conveyance of hydrochloric acid mostly 
takes place in glass carboys of 10 or 12 gallons 
capacity with basket or wire hampers, sometimes 
in earthenware carboys of the same size, and 
recently hard white vitrefied eaithenware jars 
have become available At a large French 
works, some years ago, tank waggons were used, 
carrying iron cylinders lined with ebomte. 

Tank waggons have of late years come into 
general use, especially on the Continent They 
consist of a waggon platform, carrying a number 
of stoneware jars of about 1 ton capacity each 
jar Fig. 40 shows such a waggon carrying 12 
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jars, each of which holds 1 ton of acid. Specially 
prepared wooden tanks are also used occasionally. 

The ayplicationa of hydrochloric acid solu- 
tion are, first and foremost, for produemg 
chlorme by the Weldon process , for the 
cleaning of thm sheet iron when the same is 
to bo coated with zme, tin, or lead ; for extract- 
ing the phosphates fiom bones and from bone 
char — for which purposes it must bo quite free 
from sulphimc acid , for pieparing zinc chloride, 
and zme ammonium chloride from the residual 
‘ flux skimmmgs ’ of galvanising works , for 
souring goods durmg the process of bleaching ; 
for neutralismg the alkaline melts in the manu- 
facture of alizarin, resorcin, &c , for the 
manufacture of aniline hydrochloride, stannous 
chloride, ferric chloride , for the preparation of 
pure carbomc acid from limestone ; m dyomg 
and tissue pnntmg; and in the manufacture of 
many coal tar colours and intermediates, &c 
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CHLOROBENZENE v. Pubnvl 
5 CHLOROBENZENEDISULPHONIG ACID 

C<jH 5C1(803)2H Formed by heating at 300° 
chlorobenzene with five timcH its volume of 
fuming sulpliuiic acid containing 20 p c of 
sulphur trioxido Foims baiiuin, potassium and 
ammonium salts, a dichlondc, m p 105 5°-106“ 
and a diamide, m p 223°-224°. The diclilonde 
heated under pressure at 200°-210° with phos- 
phorus pentaclilonde yields S-tiichlorobenzene 
(Ohvier, Rec tiav. chim. 1918, 37, 307) 

p-CHLOROBENZENE DIAZOCYANIDES t;. 
Diazo- compounds 

CHLOROBROM. Trade name for a mixture 
of equal parts of potassium bromide and chloral 
formamme dissolved in water. 

CHLOROFORM, TnchlorometJump OHC^g. 
Chloroform was discovered by Liebig in 1831 
(Pogg. Ann 23, 242), and independently, about i 
the same time, by Soubeuan (Aim C’him Phys 
[2] 48, 131). Its actual composition wa*s first 
determined by Dumas (Ann (^him Phys [2J 
56, 115) to whom is also due the name by which 
it is now known (3iloroform is largely em- 
ployed as an ana3sthetic and is an important 
solvent, finding technical application in the 
manufacture of fats, rubber, resins, alkaloids, 
&c. It is also a useful antiseptic 

Fomiation — 1 By the action of alkalis on 
chloral (Liebig, Pogg Ann 23,442, Annalen, 1, 
190; 162, 161) I 

CClgCHO + NaOH - ^(JHClg -f H( 3 )()Na i 

2. By the action of watci, ammoma, oi i 
alkalis on trichloracetic acid (Dumas, Annalen, 
32, 101 , Bockurts and Otto, Ber 14, 589) 
OH-CHClg-l-CO^ + llA) 

3 By the action of bleaching powdei 
(chlorine) on ethyl alcohol or acetone In the 
ease of alcohol the leaction has been icpresentcd 
by the following equations • 

{a) CHgtm.OH-l CaOd^ 

- CHgCUO -I- HgO 4- CaCL 
(&) 2CH3CHO+3CaOCl, 

=2CCl3CHO+3Ca(OH), 
(c) 2CCl3CHO~fCa(OH)2 

=2CH(3j-h(H COO),C’a 

According to Dott (J 8oc Ohem Ind 27, 
271), however, the reaction is best indicated by 
the equation 
SC^HgOH+St^aOCl, 

=2( -f 3Ca(^03 -{- COg -f II /) 4- SC^aCl^ 

no appreciable amount of calcium formate being 
found m the products of rcac tion 

According to Feyer (Zeitsch Elektrochem 
1919, 25, 115), the formation of chloroform from 
alcohol occurs m three stages . first, an oxidation 
of the alcohol to aldehyde ; secondly, a forma- 
tion of hypochlorite , and thirdly, an interaction 
between the aldehyde and the hypochlorite ; 

(i) CHaCH, OH4-UOC1 

=CH, 01104-1120+ HCl , 

(ii) 0H'+Cl2=H'+CF+010'; 

(111) CH3 CHO+3HOC1 

-OHCI3+HOO2H+2H2O , 
(iv) H CO^H + HOCl^COa+HaO+HCl. 

Equation (1) is partly replaced by the 
reaction 

CH3 CH^ 0H+0=CH3 CHO + H3O 
In the case of acetone the reaction may be 


I expressed thus (OrndofI and Jessel, Amer. Chem. 
J. 10, 363) : 

200(OH3)2 + 60a001. 

=20H0l3+20a(OH)2+30a0l3+(CH3COO).0a 
Dott {l()c. at ), however, prefers the equation 
200(0113)24 80aO0I,) 

=2(!m%^(CH3COO)^Ca~i-2Ca(OH)j 
which agices better with the results of oxpeii- 
ment According to Ukitd (J Ohem Ind Tokyo, 

1918, 21, 219) better yields are obtained by 
passing ( hloiine into ethyl alcohol until a liquid 

' of D=1 299 is ol>tained. This is then added to 
I a solution of bleaching powder and lime and 
I distilled 

Ohloroforin is also produced from acetic 
acid (Liebig), acetophenone (Orndolt and 
Jessel, loc caI ), acetaldehyde tuiqientino, and 
teiqienes (('hautaid, Jahresb 1851, 501) by the 
action of bleaching powder or cliloimc. ( V also 
Brit Pat 1.6094, j917 ) 

4 By reactions similar to the foregoing 
chloiofoim IS also produced by the elcctiol_ysis 
of the chloiides of alkali 01 alkali eaiths in 
presence of alcohol, acetone, &c (Bor 1884, 
17, Ref 624 , sec also Waser (Chem Zentr. 
1910, 1, 1122), Foyei, Zeitsch Elektiochem 

1919, 25, 115) 

5. By the reduction of carbon totiachloride 
(Geuther, Annalen, 107, 212, v also Fhem Rev 
1896, 88, U.8 Pat 753325 (1904) and Eng 
Pat 13733 (1901)) 

6 By the action of chloiine in sunlight on 
methyl cliloiide (Regnault, Annalen, 33, 328) 

7 Fioin lodofoim by the action of phos- 
phorus ])cntachloride (Gautier, Bull Soc Chim. 
L2J 13, 127) 

Manufacitirc — Chlorofoim was oiigmally 
almost wholly manufai tin ed fi om ethyl ak ohol 
or methylated spirit Ifiiiification of chloioform 
[uopared fiom the lattei piesents ratlioi nioie 
chfiiculty, but when piopcily earned out pure 
chloioform is obtained. 

Of late yearn chloioform has been made for 
the most part fiom acetone, and although foi 
some time a jiiojudice ousted against the 
employment of chloroform made from this 
source for an.esthetic purposes, it is now recog- 
j nised that the product when properly prepared 
I IS in every respect equal to that obtained from 
alcohol. 

Chlorofoim has been manufactured success- 
fully m Amoiica for some years past from 
carbon tetrachloride by reduction with nascent 
hydiogen This is most olhciently bi ought 
about by mechanically agitating a mixture of 
the tetrachloride and finely divided non in water, 
a trace of acid being added to initiate the re- 
action (iSimth, US Pat 753325 (1904); see 
also VS Pat 1101025, 1914) 

Attempts have also been made to manufac- 
tuie chlorofoim by chloiination of the* natural 
gas ’ (methane) produced in enormous quantities 
I m the United States, but so far these attempts 
have not met with any measure of success 

Electiolytic piocessos for the production of 
chloroform from alcohol and acetone have 
formed the subject of a number of patents, 
but the commercial results do not seem to have 
been so successful as the original experimental 
work promised, and very little chloroform has 
I been made by* this means (Schermg, D. R. P. 
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29771 (1884), v a/6o Zambolliti, L’Ettiicita, 1899, 
8, 604 ; Teeple, J Amer. Chom. 8oc. 26, 536 j 
and Waser (Chera. Zentr. 1910, 1, 1122) 

Manufacture of Chloroform from Acetone and 
Bleaching -pouxler . — This is the process most 
generally employed. The mctliod differs in 
minor dotads with the vanous manufactuicrs, 
but the following may be taken as lopreseiita- 
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tive. The leaction is carried out in a cast-iron 
btill of about 800 gallons lapauty, winch is 
provided with s taring gear, steam and cooling 
coils, and is connected with a coiidousoi Thice 
hundred gallons of watoi aio run into the still, 
and 800 lbs of bleaching powder are added 
through a manhole, . which is then secuicly 
bolted down During addition of the blcachmg 



powder the mixtuio is veiy thoroughly stirred. 
(In some processes the mixing is carried out in 
a separate vessel, and the suspension is strained 
from the larger unbroken lumps of bleaching 
powder before being allowed to run into the 
still ) The container (a in the diagram shown) 
IS charged with 70 lbs. of acetone, which is then 
slowly run into the bottom of the still by means 
of the valve B The introduction of the acetone 
18 accompanied by a rise of temperature which 
IS not allowed to exceed 110°F.,» cooling being 


effected if necessary by stopping the floW| of 
acetone and circulating cold water through the 
cooling coil in the still When all the acetone 
, has been introduced the contents of the still 
' are raised to 134°F At this temperature 
chloroform begins J-o distil over. The tempera- 
j ture IS then veiy gradually raised to 150°F., 
so as to keep the chloroform steadily distilling, 
j Towards the end of the reaction the mixture is 
stirred and the temperature raised until no 
I more chloroform distils over. 
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The crude chloroform obtained is separated 
and puritied first by agitation with concentrated 
sulphuric acid. This operation is earned out 
in the vessel shown m the diagram ; 1600 lbs 
of crude chloroform are introduced into the 
vessel and thoroughly stirred by means of the 
agitatmg gear shown, with 000 lbs. of sulphuric 
acid. The stirrmg is continued until a sample 
of the chloroform, when thoroughly shaken 
with pure concentrated sulphuric acid, does not 
impart the shghtost colour to the latter. The 
time required foi complete purification is usually 
about 3 hours. The chloroform is next separated 
from the sulphunc acid and finally distilled over 
lime. 

The yield obtamed from the above quantities 
averaged from over two thousand batches was 
124 lbs., the highest yield m any one case being 
131 lbs. Vanation m yield is attributed to the 
varying composition of the bleachmg powder, 
though doubtless other factors iiilluence the 
result. Bleachmg powder contaimng less than 
33 p c. of avadable chlonno gives unsatisfactory 
results, while samples contammg more than 
35 p 0 . of chlorine are also often unsatisfactory 
The best results appear to be obtained with 
bleachmg powder contammg about 34 p.c of 
available chlorine. 

Manufacture of Chloroform from Alcohol — 
This 18 earned out m the same plant as that used 
for the manufacture of chlorofoim from acetone 
A mixture of alcohol (150 lbs.) and water (3000 
lbs.) IS introduced into the still, bleaclung 
powder (7i?0 lbs ) added, and the contents of 
the still gently heated by means of the steam 
coil. Chloroform begins to distil over at a 
tempeiature of about 140°-146°F Further 
heating is then discontinued, the chloroform dis- 
tilling off by reason of the heat generated dunng 
the leaction When the distillation begins to 
slacken the heating is resumed until at a tem- 
perature of 155°F the distillate consists of a 
mixture of alcohol and water. This mixtuio, 
which contains rather more than half the 
origmal alcohol, is used m makmg up the next 
batch, sufficient fresh alcohol being added to 
make up the loquired 160 lbs. The yield of 
crude chlorofoim from each working is about 
75 lbs. Purification is effected as described 
above 

Chlorofoim has also been manufactured by 
special processes for the purpose of producing 
directly chloroform sufficiently pure for anies- 
thetic purposes Of these the most important 
aie the following . — 

1 Chloroform from Chloial — It was found 
by Liebig, the discoverer of both compounds, 
that ciiloroform could be obtamed from chloral 
by distillation with alkalis, and subsequent 
washmg and drying, and this process has been 
utilised for the manufacture of chloroform. 
Upon the same i-eactions has been based a patent 
(Liebroich, Eng. Pat 15930, D R P 176063, 
1904), whereby a dry mixture of chloral hydrate 
and alkah can be prepared and compressed, 
from this product chloroform may be prepared 
by treatment with water. Chloroform obtamed 
from chloral is of a high degree of punty. Like 
all other brands of chloroform it must, however, 
be preserved by the addition of a small amount 
of alcohol. 

2. Chloioform Pictet* — This product is ob- 


tamed by fractionally crystallising commercial 
chloroform The crude chloioform is cooled 
to —80°, and the solid impurities are filteied off. 
The filtrate is then cooled to —82°, and the 
liquid poition is drained oil The crystallised 
chloroform is then distilled at a very low tem- 
perature, and the middle fraction amounting to 
about 80 p c is collected as chemically pure 
chloroform (Pictet, Compt rend. 114, 1245, 
French Pat 215911, 1891 , U.S. Pat. 489592, 
1893). It was ongmally claimed that the 
‘ pure ’ chloroform obtamed by this means was 
stable m the presence of light, and from this 
Schact & Bib (J. fcloc. Chem Ind. 1893, 12, 
543) deduced that it contained a small amouiub 
of alcohol which was subsequently shown to be 
the case. 

3. Chloroform Atibchulz (‘Salicylid chloro- 
form ’). — Anschutz (Aimalen, 273, [1] 94) ob- 
served that chloiofoim combined to form well 
crystalline compounds with the lactide con- 
densation products obtamed fiom o-phenol 
carbonic acids These compounds break up on 
gentle heating, giving puie chloroform The 
compound usually employed m the process is 

tetrasahcylide m p. 261°~2()2°, 

obtamed by the action of phosphoiyl chloride on 
salicylic acid This combmes with 3 molecules 
of chloroform which are given up on warmmg 
The recovered salicylide can bo employed 
again The product obtained by this process 
has been extensively used m Russia. 

Propertuis — Chloroform is a heavy colouiless 
liquid havmg a sweet taste and a pleasant 
etheieal odour It is not inflammable, but 
when diluted with alcohol may bo made to burn 
and gives a smoky greenish flame. It is very 
slightly soluble m water (1 pait m 200), but 
miscible with most orgamc solvents. 

Accoidmg to the most accuiato determina- 
tions pure chloiofoim has sp gr 1 52637 at 0°/4° 
(Thorpe, Trans (ffiem Soc 37, 196), 1 52657 
(Timmermans, Bull Soc belg chim 24, 244), 
or 1 4989 at 1574° (Baskerville and Hamor, J. 
Ind and Engiii. Chem 1912, 278) According 
to the same authois the boilmg-pomt is 61 2° 
{see also Wade and Fiimomore, Trans Chem. 
Soc , 1904, 85, 946) Chloioform melts at 
—83° (Pictet) Its critical temperature is 
262 9°, and critical pressure 53 8 atmos. (Kuenen 
& Robson) 

Iteactions avd delalion of Chloroform — The 
most important reaction of chloroform is the 
loimation of an isocyanide from any primal y 
amine when tlio latter is heated in pre.sence of 
chloroform and alcoholic potassium by dioxide 
solution 

OHClj -f-R NHg + 3KOH = R •NC-j- 3KC1 f 3H ,0 

In practice aniline is usually employed as the 
reactmg ammo and the characteristic odour of 
phenylisocyamde is readily recognised. In 
this way one part of chloroform m 5000-6000^ 
parts of alcohol can be detected. The reaction 
IS also given, however, by bromoform, iodoform, 
chloral, trichloracetic acid, &c. ; but not by 
ethyhdene chloride. Chloroform readily reduces 
Fehlmg’s solution and the reaction*' nas been 
used as an indirect method of estimation. 

A mixture of chloroform vapour and hydro- 
gen when passed through a red hot tube yields 
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liydrochloric acid This reaction also may be 
employed for the detection and estimation of 
chloroform in blood or other (non-chlonnated) 
liquids (Allen, Comm. Org Anlysis, vol i p 
275) a or )8 naphthol dissolved in concentrated 
potassium hydroxide solution when heated with 
a little chloroform give a blue colour which 
gradually becomes green and finally brown m 
contact witli air 

Ancesthdic Chloroform — The use of chloroform 
as an anajsthetK. was first advocated by Simpson 
in 1848 (Edm Monthly J Mod Sc 8, 415), and 
it IS now used in very large quantities for this 
purpose alone Great care is necessary in its 
production for this purpose, since the presence 
of small amounts of impurities have a deleterious 
and often dangerous influence, and many cases 
of death under chloioform have been attributed 
to the employment of imjmre an. esthetic As 
the icsult of a considerable amount of investi- 
gation, it has now been shown fairly t omflusivcly 
that piiio chlorofoim under the influence of 
light, air, and moisture decomposes, more or 
loss lapidly according to the conditions pre- 
vailing, and that the products of doi omposition 
are carbonyl chloride and hydroi hloric acid, a 
reaction which may be repiesented thus 

0H01rl-n,O + O.,-=CO01, + Hai+H.O, 
CHCI3 -H H2O2 =- COi -h 11 Cl 4 - H“ 0“ 

Tt was very early noticed that the tendency of 
chloroform to dccomposo was more marked 
with samples which showed a high specihc 
giavity (1 497 to 1 50) than with those of lower 
density, and the gicater stability of the latter 
was attnbuted to the jiresence in them of small 
amounts of alcohol It had earlier been sug- 
gested by Squibb (Amer Med Monthly, July, 
1857), that the best means of preserving chloio- 
form was the addition of a small amount of 
alcohol This practice has since then been 
recognised as sound in prmcijilo and the addition 
of alcohol in amounts varying from 0 fl to 1 0 
p c by volume is allowed by most of the pharma- 
copanas The British Pharmacopaua (1914) 
does not specify the amount of alcohol permis- 
sible, but defines the density at 1 483 to 1 487 

Considerable diversity of opinion has been 
expressed with regard to the r6lf played by 
alcohol m pi eventing the decomposition of 
chloroform, but it now appears to bo fairly well 
established that it acts by reason of its property 
as a reducing agent, oxidation of alcohol taking 
place m pieference to that of chloioform At 
the same time the products of oxidation appeal 
to exert a retarding action which eventually 
reaches a maximum When chloroform is 
preserved with alcohol the decomposition of the 
chloroform is entirely prevented until all the 
alcohol is oxidised, when decomposition of the 
chloroform immediately commences When 
properly stored and packed so that the action 
of light and air is reduced to a minimum, 
chloroform containing from 0 6 to 1 p c by 
volume of alcohol will keep for years (Schact 
and Bilz, Pharm. J. 1893, 1005) The theory 
of the action of alcohol outlmed above is duo to 
Baskerville and Hamor (J. Ind and Chem. Eng. 
1912, .368, &c ), whose admirable series of 
papers form the most complete and recent 
account of the subject of this article Their 
theory is supported by the fact that a large 
Vol. IL—T. 


number of organic substances soluble in chloro 
form will inhilut the decomposition of the lattei 
by light and air, and that all such compounds 
are reducing substances and act solely on 
account of their capacity for oxidation Tliat 
such compounds aie not used in practice is 
merely on account of the special suitability of 
alcohol for the purpose 

The various pharmacopiBias also insist on 
certain tests for tlie absence of impurities, other 
than alcohol, which might possibly bo present in 
chloroform through careless manufacture 01 
storage The details of the tests vary in 
different countiios, but may be geneially 
indicated as follows — 

(1) The och/ur (est , — This is usually carried 
out by evaporating a quantity of cliloroform 
(10-50 c c.) to small bulk, and then allowing 
the residue to ovapoiato on a piece of filter jiaper 
At no stage of the evaporation should there bo 
any appiei lable foreign odour, eg of fusel oil, 
higher alcohols, or chloi mated derivatives of 
alcohol or acetone 

(2) Jlcsidue — There should be no weighable 
residue after evapoiation ot 50 to 100 c c of 
chloioform 

(3) SulpJunic acid teM , — This consists in 
shaking chlorofoim (usually 20 c c ) with pure 
concentrated sulphuric acid (usually 15 c c ) 
for a short time and then .illowmg the mixture 
to stand The two layers are required to remain 
colourless or practically so over a period of time 
which vanes with the difleront pharmacopceias. 
The object of the test is to detect the presence 
of oiganic impurities which should have been 
lemoved in the piocess of manufacture 

A more delicate variation of this test has 
been suggested by Langgaaid (Thorap Monatsh 
M.i,y, 1902) Goncentiated sulphuric acid and 
chloroform aie mixed in the jiropoitions lequired 
by the (Jciman Bharmacopceia and then four or 
live drops of formalin (40 p c solution) added 
and the mixture well shaken No coloration 
should develop on standing The German 
Pharmacopeia loquiies the solution to remain 
colourless for forty-eight liours According to 
Buddo ( VerdlTentlichiingen aus dem Gebieto dea 
Militar-8anitatswesens, 1913, 6, 113), however, 
the sensitiveness of tlie leaction increases with 
the amount of alcohol piesent 

(4) Acidity — Watei sh.iken with chloroform 
and separated should lemain neutral to litmus 

(5) Chlonne — The <u[ueous layer aftei shak- 
ing chloroform with water should give no reaction 
when shaken with a 10 p c solution of cadmium 
iodide and a few drops of starch solution 

(()) Hydiorhlonc and — ^The aqueous layer 
obtained as above should not give more than a 
very slight opalescence with a solution of silver 
nitrate {(yf Analyst, 1919, 407 ) 

(7) I)er.ompodifion products — Two c c of the 
sul^iunc acid solution obtained as in test (3) 
when diluted with 5 c c of water should remain 
nearly colourless and have no unpleasant odour 
When further diluted with 10 c c of water the 
solution should remain colourless and on addition 
of a little silver nitrate should not give more 
than a slightly diminished transparency 

For the last throe tests Budde {loc. cit ) 
proposes to substitute one, namely, a reaction 
with benzidine, which it is claimed is simpler 
and at the same time more sensitive. A little 
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pure benzidine is dissolved in about JO c c of 
chloroform The solution should remain per 
fectly bnght when kept m the dark, out of contact 
with air for 24 hours In the presence of 
chlorinated products or of carbonyl chloride an 
opalescence or flocculent precipitate is produced. 
If chloral IS present, a faint rod ( ol oration develops 
at first and changes to bluish-red after a time 

Other possible Constituents of Anoesthehc 
Chloroform 

Ethyl chloride — Chloroform manufactured 
from alcohol was at one time considered, for 
ana*sthetic purposes, supoiior to that obtained 
from acetone Wade and Finnornore (1904,85, 
938) showed that chloroform prepared from 
alcohol contained a small ({uantity (approx 
0*05 pc) of ethyl chloiide, and to this they 
attiibuted its superioi (pialities According to 
them pure chloroform prcpaied from acetone, 
and to which a small propoition of ethyl chloride 
was added, was alone clinically equal to that 
obtained from alcohol Baskervillo and Hamor 
{loc cii p 574), however, state that Ameiican 
an^TSthetists have found chloroform from acetone 
when properly purified to bo fully as reliable as 
chloroform from alcohol They therefoio look 
upon ethyl chloride as an impuiity of anaesthetic 
chloroform which although perhaps not objection- 
able, has no special value Since the boiling-point 
of chloroform is lowered to the extent of about 2° 
by the presence of 0*1 p c of ethyl chloride 
(Wade & Finnemore, loc cit) its presence is 
easily detected by fractionation 

Acetaldehyde — For the detection of this 
impurity in chloroform Baakerville and Hamor 
suggest the following 10 c c of chloroform 
are shaken with 5 diops of Nesslor’s solution 
y.S P. and allowed to stand for five minutes 
Anaesthetic chloroform should show no precipitate 
or colouration under those conditions 

For the detection of acetaldehyde chloiofoim 
IS in practice often tested by allowing to stand 
over solid KOH For this purpose the KOH 
should contain at least 80 p c KOH and bo free 
from water, otherwise oxidation of alcohol may 
take place and a positive reaction be obtained 
Acetone — An^vsthetic chloroform should give 
a negative result when tested as follows. To 
10 c.o. of chloroform are added 5 drops of 
0 5 p c. solution of sodium mtroprusside and 
2 c c. of ammonia (D=0 925) and the mixture 
allowed to stand for five minutes in the cold 
If acetone is present to the extent of 0*2 p c an 
amethyst colour is produced By saturating 
the mixture with ammonium sulphate the colour 
IS produced m the presence of 0 1 p c of acetone 
Carbonyl chloride^ which is only likely to be 
present in badly preserved or stored anaesthetic 
chloroform, may often be detected by its nauseous 
odour. The foUowmg tost is also quite satis- 
factory. To 15 c c of chloroform in a dry 
glass -stoppered cylinder of 26 c c capacity is 
added sufficient clear solution of banum hydrox- 
ide (0 6 pc.) to completely fill the tube, which 
IS then kept m the dark for 3 hours In the 
presence of carbonyl chloride a film of banum car- 
bonate IS produced at the junction of the liquids. 

Carbonyl chloride is also readily detected by 
the benzidmo test (Budde, loc cit ), which gives 
a positive reaction with one part in twenty 
thousand (1 20,000). 


The impurities of commercial chloroform may 
include chloral alcoholate and similar chloral com- 
pounds These may be astiraated by treating the 
chloroform with N/10 alkali and titratmg the 
excess Pure chloroform is not affected by alkali 
of this strength Aldehydic and similar com- 
pounds are detected by means of Nessler’s reagent, 
which gives with impure chloroform a red-brown 
deposit readily changing to greenish black Pure 
cliloroform gives no such reaction (Enz Apoth. 
Zeit 1913, 28, 072, Analyst, 1913, 497) 

Chloroform is comparatively unstable under 
the influence of ultra-violet radiation (Kailan, 
Monatsh 1917,38,537) 

Deleclion and Estirnation of Alcohol in 
Chlorofot m — For the detection of alcohol in 
chloroform the iodoform reaction provides a 
very <lelicate test which, howevei, is not sjiecihc 
It is best canicd out by shaking the chloroform 
with sulphuric acid, separating and diluting the 
sulphuiic acid layer. This is then distilled and 
the reaction earned out on the fii-st portions of 
the distillate To 10 e e of the distillate 6 drops 
of a 10 p e solution of potixssium hydroxide is 
added, the mixture warmed to about 60°, and 
then drop by drop a solution of iodine in potas- 
sium iodide until a brown colour is produced 
The solution is then carefully decolourised by 
addition of pot.ussiiim hydroxide On standing 
crystals of iodoform separate 

For the estimation of alcohol the density of 
the chloroform forms an approximate guide 
provided the chloroform is otheiwise pure, but 
foi more exact determinations the method of 
Nicloux (Bull Soc chirn [3] 35, 330, 190lj) as 
modified by Behai and Francois ( J Pharm Chim 
[()| 5, 417) IS recommended The alcohol is 
removed from the chlorofoim by agitation with 
sulphuric acid, the latter is diluted and gently 
distilled The distillate is boiled with sulphuric 
acid and potassium dichromate solution con- 
taining 16 97 grams per litre is added until a 
green (not greenish yellow) tint is obtained 
Each 2 c c of solution ecpials 0 01 gram of 
absolute alcohol If the solution contains moie 
than 2 p e of alcohol it must be diluted and the 
I estimation repeated A similar modification has 
been suggested by Budde {loc cit) A J ]i]. 

1 CHLORO 8 NAPHTHOL - 3 6 - DISUL - 
PHONIC ACID 

Cl OH 

S 03 H\y\/BO,H 

13 prepared by dissolving l-amino-8-naphthol- 
3 O-disulphonic acid in a cooled solution of 
sodium carbonate, carefully acidifying with 
hydrochloric acid and diazotising with the 
theoretical amount of sodium nitrite The 
separated diazo-compound is warmed with 
hydrochloric acid and cuprous chloride, the 
copper removed by sulphuretted hydrogen, and 
the filtered solution saturated with common 
salt when the acid sodium salt of the chloro- 
acid IS precipitated (Cassella & Co , D R P. 
79055) The chloro-acid is also formed by 
treating 1 8-naphthylene-diamme-3 ; G-disul- 
phomo acid with sodium nitrite in acid solution 
and acting on the azimmo-compound with copper 
paste (Badische Amlin und Soda Fabrik, D R. P. 
147862). 
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CHLOROPHENINE ORANGE v Azo- 

"OLOURINO MATTERS 

CHLOROPHENINE YELLOW v. Primuline 

LND ITS DERIVATIVES. 

CHLORORUBINE Madder. 

CHLOROXYLONINE CaaH.aO^N, an alkaloid 
iccumng m East Indian satinwood {Chloroxyhn 
hmetenia (DC.)). It crystallises from alcohol in 
olourloss prisms, m.p. 182°-183°, 9° 18', 

n chloroform, is soluble in excess of ammonia 
olution, and is neutral to litmus The salts are 
rystallmo and dissociate m water ; aunchloride 
PHOPAuCla groups of reddish-yellow needles, 
a.p 70°. Chloroxylonme contains four ‘OMe 
uit no hydroxyl groups (Auld, Chem. Soc. 
Vans. 1909, 95, 904;). It produces derina- 
itis when applied to the skm and is the cause 
if the dermatitis sometimes experienced by 
atinwood woikers (Cash, Brit Med. J. 1911, 
)ct 7 ; and Bull Imp. Inst 1911, 9, 351). 

CHLORPICRIN {inchloiovtlromfihane) ('Cl^ 
10 . IS prepared by distilling nitro compounds 
in particular, picric acid) with bleaching -powdei 
olutions (Stenhouse, Ann 1848, (56, 241), by 
jng heating of chlorofoim witli fuming mtrie 
,cid (Mills, Ann 1871, 160, 117), or by the 
.ction of chloiine on nitramlic acid (Levy, 
edlicka, Ann 1888, 249, 86 ) 

In Hofmann’s method of preparation 45 parts 
f fresh bleaching powder are made into a past^ 
li'ith water and mixed with a saturated solution 
f 4 5 parts of jucric acid in water at 30° As soon 
,s the very violent reaction is timshod, the chloro- i 
norm IS distilled over (Ann 1866, 139, 111) i 

Chlorpicrm is a mobile liquid which boils at ; 
1 1 9°C and possesses a speculic gravity I 69225 I 
[)/4°) Thorpe. On heating it slightly dec imposes 
tito carbonyl chloride and nitrosyl chloride i 
CI 3 N 02 ==C 0 C 1 ^ 4 -N 0 C 1 ) (Gardner and Fox, i 
Jhem. Soc. Trans 1919,1188). On strong cool- | 
ig it solidifies and then melts at —69 2°C Its ' 
apour acts as a strong irntant to the eyes and 
lucoiis membrane For theimal expansion, see \ 
'horpo, Chem. Soc. Trans 1880, 37, 198 On 
eduction with iron and acetic acid it yields 
lethylamtnf A similar bro mo -nitro- methane is 
nown. It melts at 10°C , boils at 127° (118 
im ), and is converted by the action of potassium 
yanide m cold alcoholic solution into the 
ipotassium salt of 112 2 tetranitroethane 
Scholl, Ber. 1898, 31, 642, ibid. 1902, 35, 4292) j 

CHLORYL. 8 yn. for ethyl chloride used as I 
n an aesthetic 

CHOCOLATE is a mixture of cacao paste | 
ath sugar and flavouring matter The paste , 
i prepared fiom fermented cacao beans (the ! 
nfermented kinds being unsuitable for choco- 1 


introduced either in alcoholic solution 01 incor- 
porated with sugar moistened with a little oil 
It IS essential that during admixtuio the paste 
should be kept in a liquid condition, and to this end 
the mixing machines are heated to a temperature 
slightly above the melting-point of cacao butter, 
say from 35° to 40°, and the added sugar may be 
pieviously warmed with advantage to obviate a 
fall m temperature of the liquid cacao paste. 

The vanous characters of French, Spanish, 
Swiss, and other chocolab's depend upon the 
nature and proportions of the different ingre- 
dients used. A number of recipes for tho 
preparation of some of the principal types of 
chocolate are givdn in Zippercr, 156 

In addition to sugar, various farinaceous 



flour^ rice, arrowroot and dextrin, and occa- 

I sionally bailey, oats, lye, and chestnut flour. 

I In special cases where sugar is inadmissible, as 
in chocolate intended for use by diabetic sub 
jects, tho sugar is leplaced by saccharin {q v ) 
It 13 then usual, in order to give the necessary 
‘ body ’ to the chocolate, to add some form of 
meal or flour (preferably leguminous) , and pea, 
bean, or linseed meal are prefoired for this 
purpose Nat chocohite is made by adding nuts, 
either ground or whole, to the chocolate paste ; 
and nitHc chocolate by incorporating with it 
‘ milk powder,’ i e milk deprived of its moisture 
and fat The usual composition of milk choco- 
late, by the best makers, is approximately 10 p c 
cacao, 25 p c cacao butter, 40 p c sugar, and 25 
p c. diied milk The above-mentioned forms of 
chocolate, aftei being ground into a more or less 
homogeneous mass, are placed m moulds to form 
bars, blocks, cakes, and numerous fancy shapes 
An immense variety of fancy pieparations of 
chocolate consist, however, meiely of a chocolate 
envelope containing other substances, as biscuits, 
creams, dried fruits, nuts, fiuit jelly, liqueurs, 
&c , and m some cases, medicinal preparations, 
as chocolate -coated pills Tlie most important of 
these fancy preparations are the chocolate creams 
The so-called ‘ cieam ’ is made either from 
powdeied loaf sugar heated until it melts, or a 
mixture of this with glucose, with or without 
vanous colouimg and flavouring mateiials. 
While in a liquid state, it is poured into moulds 
of the desired shape, made m starch flour on a 
table, which can bo kept cool and which can be 
agitated by mechanical means On cooling, the 
creams set into a stiff gianular mass, when they 
are either dipped into a liquid chocolate paste, 
or the latt-er is pouted over them by hand and 
spread uniformly by means of the rocking table. 
Tho process of covering, as well as most of the 


ite making) in the manner described under 
iocoA The sugar, which constitutes 50 p c or 
lore of the mixture, consists usually of white 
rystals (although the lower-grade coloured 
ugars may be used for the cheaper chocolates), 
round to tho finest powder and completely 
ried before admixture with the cacao paste, 
'he most common flavouring substance is 
anilla, but other spices, as cardamoms, emna- 
lon, cloves, mace, and nutmeg, or the essential 
ils extracted from them, also artificial flavour- 
igs such as vanillin, are frequently employed 
'em balsam and gum benzoin are* sometimes 
sed for a similar purpose. The flavourings are 


other processes in the manufacture of chocolate, 
are now generally effected by means of ingenious 
j and complicated machinery 

An extra amount (about 15 p c ) of cacao butter 
(or substitute) is added to the chocolate intended 
for covermg purposes, to keep tho latter in a 
sufficiently plastic condition during tho process of 
cooling and to give smoothness to the fimshed 
article. The latter, whether m the form of plain 
chocolate or chocolate confections, should be 
quickly cooled, and attention to temperature is 
important throughout all the various operations. 

The adulterants commonly used in chocolate 
are similar to those mentioned under Cocoa, 
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the most important beins; the replacement of the 
cacao butter by other fats and oils (as coco-nut 
fat, illip6 butter, &c ), the addition of vanous 
farinaceous substances, including dextrin, and the 
admixture of finely ground cocoa shells (Zip- 
perer, Die vShokoladeii Eabiikationen , Villiers 
ct Collin, Traii(^ des Substances Alimentaires ) 

J C 

CHOCOLATE FATS. Under this name, the 
writer comprises those vegetable fats which are 
used m the manufacture of chocolate as cacao 
butter substitutes ^J’he natural chocolate fat 
IS cacao butter, and best chocolates contain 
cacao butter only ‘ Cheap ’ chocolates aio 
made,' to a larger or smaller extent, if not 
entirely, with substitutes At first, animal fats 
were used, but as they impait an unpleasant 
flavour (‘animal flavour’! to the chocolate, at 
present fats of v(‘get.ible origin only are emploved, 
such as coco nut steaiine and palm-nut stearmc 
During r(5cent years, attempts have been made 
to produce chocolate fats from Boineo tallow, 
dika fat, and similar vegetable fats J L. 

CHOLEIC ACID Ciiotjc Acid 

CHOLESTEROL Discovered by 

Conradi in gall-stones m 1775 Occurs in all 
vertebrates and throughout the whole of the 
animal kingdom with the exception of certain 
groups of the mvertebrata m which it is replaced 
by closely related substances (D0160, Biochem 
J 1909, 4, 72) It IS found m bile, blood, the 
brain, and generally m all animal tissues, being 


Cholesterol crystallises from ether or chloro- 
form in silky needless, ra.p 148 4 to 150*8 (corr.). 
From aqueous alcohol (90 p c ) it crystallises in 
characteristic plates with one molecule of water 
of crystallisation. Insoluble in water, sparingly 
soluble in cold, easily in boiling alcohol (9 parts 
alcohol, sp gr 0 87), and m chloroform, ether, 
carbon (fisulplude, less soluble in acetone, 
petroleum, benzene, and glacial acetic Soluble 
in fats, fatty acids and in solutions of bile salts 
Sp gr. 1 04fl ; it IS optically active ; in ether 
solution (a)p— — 31 12, in CHCI3 (a)^^—— 36 61 
It sublimes unchanged at 200°, but is de- 
composed at higher temperatures, hydrogen 
being evolved at 300° to 320°. In a vacuum it 
can be distilled unchanged 

Cmistitiitimi — Cholesterol is an unsaturated 
secondary alcohol, possessing a complicated 
terpene-like stiuctuie whith has not yet been 
completely elucidated It has, however, been 
possible to establish 111 the molecule the presence 
of (1) a secondary alcohol group in a reduced 
ring , (2) a terminal vinyl group . and (3) an 
isoamyl group Our jiresent knowledge is best 
represented by the foimula 



elosely associated with the lipins and fat present 
in the various organs Biliaiy calculi are 
composed almost entirely of cholesterol Its 
most abundant source is, howevei, wool grease 
It may bo obtained fiom animal tissues by 
the following metliod the tissue is minced, 
dried m an oven at 1(K)° and the diied mateiial 
ground to a powder in a coffee mill and extracted 
in a Soxhlot apparatus with ether foi 9 houm 
After distilling off the ether, the lesidue is 
saponified with alcoholic potash The alcohol is 
distilled off and the cholesterol separated from 
the soaps andglyceiol by extraction with ether 
The tendency of the etlier and soap solutions 
to form emulsions makes the extraction difficult 
and various metliods have been introduced to 
overcome this difficulty Thus Ritter recom- 
mends that the soap residue be mixed with 
sodium chloride and water, evaporated to dry- 
ness and the resultant mass, after drying m an 
oven at 80°, extracted m a Soxhlet apparatus 
for 9 hours Kossel and Obermuller (Zeit 
physiol Chom 1800, 14, 599) recommend 

saponification of the ethereal solution of fat 
with an alcoholic solution of sodium ethylate 
at ordinary temperature After a short time 
a compact mass of soaps separates which is 
easily filterable, the cholesterol being present 
m the alcohol-ether filtrate By this method 
wool grease, which is only saponified with difli- 
culty, is completely decomposed in 24 houi*s at 
ordinary temperatuie After flltermg off the 
soap and washing the precipitate with other, 
the filtrate is well washed with water, the 
ethereal solution dried with CaCl2» ^'^d the ether 
distilled off, leaving a residue of cholesterol. It 
may also bo separated from the fatty acids m 
wool grease by distillation with superheated 
steam or by direct heating (Mayer, Eng. Pat. 
20639 ; J. Soo. Chem. Ind. 1894, 162). I 


By applying vanous reagents under diffcient 
conditions, a large number of oxidation products 
have been obtained (Mauthner and Suida, M 
24, 489 ; Wmdaus, 25 paper* in Borichto, 1903 
to 1917 , Diels and Abderhalden, Bcr 1903, 
3177, 1904, 3092, 1906, 885, 1371), the 

formula arrived at for cholesteiol being based 
on these results Oxidation of the secondary 
alcohol group gives the cones ponding ketone, 

< hol(‘6ti‘none^ m p 78°, the latter compound 
has also been obtained by diiect oxidation of 
cholesterol with copper oxide at 300°, more 
conveniently by oxidising cholesteryl-di- bromide 
with chromic acid in acetic solution at 70°, and 
subsequently removing bromine by /me and 
acetic acid (Wmdaus, Bor 1906, 518) (^old 
chromic acid or potassium hypobroraito solution 
oxidises the secondary alcohol to the ketone 
group and at the same time the vinyl group is 
oxidised and a new img foimed , the diketono, 
oxycholeMcnone is the resulting product 

By the addition of two hydrogen atoms to 
oxycholestenone, chnlostanedione, m p 170°- 
171°, IS produced Fuming nitric acid reacts 
with cholesterol forming a mtro-compound 
which IS reduced to cJioleManonolf 111. p 140° 
(Wmdaus, Ber 1903, 3752, 1917, 133), the 
latter being oxidised by chromic acid to cholo- 
stanedione The relation of these substances 
to each other is shown by the following formulae : 
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Further j] oxidation of thofeo pioducts lias 
resulted m the isolation of a nunibei of carboxylic 
acids, lospectivcly mono, th, tri, alid totiabasic, 
some containing the same as, and some a smaller 
number of carbon atoms than cholesterol m 
their molecules 

The following compounds have been recog- 
nised among the products of the oxidation of 
cholesteiol by iiitiic acid dimtroisopiopane 
and acetic, succinic, inethylsuccimc and a- 
methylglutaiic acids, acetone, hydioxy/^obu- 
tyiio acid, methyhiohexyl ketone, and octane 
all of which substances may be logaided as 
derived from an ^sooctyl side chain m cholesteiol 
On this assumption cholesteiol may be lepie- 
sented by the formula 

CHIVroCH, Cll, 

1 

CH, CHdl CH Cll, CHMc L(dl ,]3 CllMe, 

CU.CM CHCH CH, 

I 11“ 

CH,(dl(OH)CH(Tl CH 

(Windaus,Zeitsch physiol Chom 1918, 102,190, 
Chem. Zents 1920, i, 82). 

' The action of ozone has been investigated by 
l)or6e (& Gaidnor, Molmaii and by Haines 
If the above constitution bo accepted, only 4 
atoms of oxygen should bo takem up by the 
cholesterol molecule , an ozonide (‘ontaming 

7 atoms of oxygen has, howovei, also been 
isolated 'I’lie balance of chemical evidence 
being against the piesenco of two double bonds 
in the molecule, llorce and Gaidnei regaid the 
addition of the three extra atoms of oxygen, 
which aie only slowly taken up, as probably due to 
the opening of a budged iirig m the molecule 

From the hmt of the above formuhe, only one 
dihydio derivative of cholesteiol should be ex- 
pected, several have been described, none of which 
appears to bo identical with copio^sterin, the di- 
hydro cholesterol occurring in the intestmes The 

8 cholestanol, m p 142"^, obtained by leducing 
cholesteiol with platinum and hydrogen repre- 
sents piobably the true dihydio derivative 
(Willstatter & Mayor, Bei 1908, 2199) 

Cholesleiyl Kbters — The cholesteiyl esteis of 
the lower fatty acids are prepared by heating 
cholasterol with the anhydrides of the acids, 
those of the higher fatty acids by boiling chole 
sterol with the acid and removing the water 
formed (Jaeger, Rec. trav. chim. 1907, 311) 
Mp acetate, 114°, propionate, 98° These 
substances on molting form anisotropic liquids, 
many of the asters having 3 stable liquid phases. 
The benzoate melts at 146° to a turbid liquid 
which examined with the polapiscope shows 
definite crystal structure and at 178° passes 
to a clear liquid. The laurate is an instance of 
a compound winch can be heated several degrees 
above its meltmg-pomt without meltmg. 

Detection and EatirmtiiOTi — The thin rhombic 
plates of cholesterol obtained from 90 p.c. 
alcohol are very characteristic. • Under the 
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microscope j^they often show notched angles 
and exhibit a cunous ovoi lapping arrangement 
A number of colour leactions nave been de- 
scribed of which the following aie the most 
useful . SalkoiLhski's tc6t A small amount of 
cholesteiol is dissolved in 2 c c chloiofoini and 
shaken with an equivalent amount of coiu* 
H,,S 04 , the chloroform first becomes blood- 
red, then dieiiy-Ted, and finally puiple, which 
lasts foi several days, pouicd into a basin, it 
becomes successively blue, giecn, and yellow 
owing to absoijition of watei The Hj,IS 04 
layei is stiongly fluorescent 

Buicluiidt-Licbennami Ted — Dissolve a little 
cholesteiol in 2 c c chloiofoim, add 20 drops of 
acetic anhydride and 1 droj) cone H,S 04 a 
violct-pmk colour appeal’s This test is also 
given by resimc acids 

thtimation ■ — In animal tissues, the elioles- 
teiol may be estimated in the lesidue fiom the 
ether cxtiact by conveitmg to the acetate by 
boiling with acetic anhydride The acetate is 
washed with watei till fico fiom acetic acid, 
and a weighed amount sapomhed with a known 
volume of alcoholic potash The residual 
potash IS titrated with standard acid and the 
amount of potash ecpnvalent to the cholesterol 
thus determined The iodine value will also give 
mfoimation The most satisfactoiy method is 
that in which the choh'steiol is precipitated and 
weighed lus its insoluble compound with digi- 
tonin Ransom, m 1901, found that the ha*mo- 
lytic power of sai>onin is prevented by the 
addition ot cholesteiol Wmdaus investigated 
the reaction (Ber 1909, 238) and found that 
drgitonin foimod an insoluble conqiound with 
cholestc'rol in alcoholic solution A I j) c 
solution of digitonm in 96 p c alcohol is added 
to the ethei -alcohol solution of fat, and after 
standing for some hours the preiupitate is col- 
lected on a Gooch lilter, washetl with alcohol and 
ether, diiccl at 100°and weighed The pi ecipitate 
contains 25 p c cholesteiol The hltiate is 
concentrated and after the addition of water 
extiacted with ethei , the excass of digitonm 
lemains in the weak alcoholic liquid, and the 
cholcsteryl estom in the ethei eal layer. The 
solvent IS distilled oil and the lesidue saponified 
with liot alcoholic pottush The cholesteiol is 
then extiacted with ether oi petroleum and 
precipitated with digitonm above dcsciibcd 
in this way the fice and combined cholesteiol 
are separately estimated Various modifica- 
tions of this method have been introduced, thus 
Fioschei locommends that alter saponification, 
the soap should ho. decomposed with hydio- 
chloiic acid, added, and the (UK^j 

solution of the fatty acids separated, filteied, 
and treated with the 1 p c digitonm solution 
at 50°, the liquid being stirred during tho,piecipi- 
tation (Zeitsch Nahr. Genussm. 1917, 481). In 
fats where adulteration with vegetable fats 
may have taken place, it is important to dis- 
criminate between phytosterol and cholesterol , 
for this, the acetates oi di-biomides must be 
prepared, and their melting-points examined 
Marcusson and Schilling recommend the follow- 
mg method (Chem Zoit 1913, 1001), 50 grams fat 
are shaken for 15 mmutes m a separating funnel 
with 20 c c 1 p c. alcoholic solution of chgitonm. 
The bottom layer of oil is run off ; the alcoholic 
upper layer contammg the flocculent precipitate 
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of digitonide is shaken with 60 to 100 c.c. ether. | 
Tiio ppt. IS washed with ether, dried, powdered 
and again washed. It is then heated with 1*6 
c c. acetic anhydride m a test tube for half an 
hour. On cooling cholesterol and phytostcrol 
acetates crystallise out. The acetates are 
re-crystallised and their m ps. determined. 
Cholestoryl acetate melts at 114°, phytosterol 
acetate at 128°. They may also be separated 
by crystallismg then di- bromides from ether and 
glacial acetic (Windaus, Chem Zeit 190b, 1011) 

A mixture of 4 grams cholesterol and 4 grs. 
phytosterol was dissolved in 80 c c ether and 
80 0 c 5 p c bromine in glacial acetic solution 
added After standing for 1 hour at 0°, the ppt 
IS washed with 40c c glacial acetic acid, and with 
40 c c 50 p c acetic acid, the washings being 
added to the filtrate, and a further ppt added to 
the original ppt , which is then washed with water 
and dried The ppt contains the cholesterol 
bromide, the filtrate the phytostcrol compound 
The ppt is heated with 100 c glacial acetic acid 
and 5 grs. zinc dust for 2 hours, the excess of 
zinc filtered off, and a largo quantity of water 
added A piecipitato forms which is boiled for 
2 hours with 100 c c. alcoholic potash, and the 
cholesterol then precipitated by the cautious 
addition of water The phytostcrol is obtained 
by similarly treating the solution of the phyto- 
sterol bromide | 

Cholesterol is found in commerce under the I 
name of lanolin and is used mainly for medicinal 
purposes, and, owing to the case with which it | 
IS absorbed by the skin, as a substitute for | 
vaseline or lard in the composition of plasters, 
ointments and salves J t has also been employed 
m the manufacture of cosmetics and pomades, 
and for softening leather Lanolin is obtained 
from wool oil, which contains about 70 p c of 
cholesterol and 30 p c fatty acids, by saponifi- 
cation by means of caustic soda, whereby an 
emulsion is obtained which on dilution with 
water gives so-called wool-milk On treating 
in a centrifugal machine impure lanolin separates 
out as a cream and may be precipitated by 
lime The purified product is afterwards 
kneaded with 30 p c of water, in which state 
it IS found m commerce and forms the ‘ Hydrous 
Wool h’at ’ of the B.P. Anhydrous lanolin 
absorbs about 100 p c of water, does not become 
rancid, and is antiseptic 

IsochdefsU'iol is an alcohol isomeric with 
cholestciol which occurs only in woolgrease, 
mp 137-138°, aj^=-f-G0 The mixture of 
cholesterol and isocholesterol is heated foi 30 
hours in a sealed tube with four times its weight 
of benzoic acid The benzoates aie insoluble 
in boiling lectified spirit and are separated by j 
crystallising from ether (Jholesteryl benzoate 
crystaUiscs ifi shining plates, its isomer as a 
light powder, rn p 190°-191° Isocholesterol 
may also bo separated from cholesterol by means i 
of oxalic acid , cholestciol forms a crystalline 
compound with oxaliqacid, and the isocholesterol 
can bo estimated in the filtrate as benzoate 
(Madinaveitia & Gonzalea, Anal Fis Quim. 
1916, 398). Isocholesterol gives no colour 
reaction with chloroform and sulphuric acid, 
but like cholesterol give* a pale yellow substance 
when heated with a drop of concentrated HNO3 
and a deep yellowish rod colour on the addition 
of ammoma (Schiff’s reaction). I. S M. ! 


CHOLESTROPHAN v. Parabantc acid 
CHOLIC ACID C24H40O6. Occurs in bile, 
chiefly m combination with taurin and glj cocoll 
as taurocholic and glycocholic acick. Free 
cholic acid, probably derived from these complex 
acids, occurs in small quantity m the mtostmal 
I contents, in the faeces and in tne bile. 

I Preparatimi — Cholic acid and the closely 
related isomeric choleic and desoxycholeic acids 
I (L’24H4o04) are prepared from bile after first 
j treating it with alkali to decompose the com- 
pounds with glycocoll and taunn Five kg ox 
bile are boiled for 30 hours with 1 kg 30 p c. 
NaOH solution under a reflujc condenser, 5 
litres of water added and the mixture pre- 
cipitated with hydrochloiic acid at 60°. The 
precipitate is well rubbed up with water to 
remove hydrochloric acid and dried on a water- 
bath (Bondi and Muller, Zeitsch physiol. Chem. 
47, 601) The residue consists of a mixture of 
cholic acid with choleic and desoxycholeic 
acids, which may bo separated in various ways, 
depending on (a) the sparing solubility of the 
baniim salt of choleic acid, this being pio- 
cipitated when baiium chloiide solution is 
added to a solution of the ammonium salts of 
the mixed acids : and (h) the relative insolu- 
bility of cholic acid in alcohol Langheld (Ber. 
1908, 378) recommends the following method 
The crude dried acids are shaken with twice 
their weight of alcohol and the remaining cholic 
acid twice recrystalhsed from absolute alcoliol 
Excess of soda is added to the mother liquor, 
and the reaction mass warmed on the water- 
bath ; a nearly quantitative sepaiation of sodium 
cliolate takes place This is filtered whilst hot, 
washed with boiling alcohol and recrystalhsed 
The mother liquors are concentiated in xacuo 
and cooled the sodium s.alts of the fatty acids 
present now separate I'he remaining acids 
.ire regenerated fiom the salts and esterificd 
with 0 2 pc. alcoholic HCl. The esters are 
boiled with much ligroin which dissolves 4 p c 
On saponifying the ligioin-msoluble esters with 
alcoholic potash, a further separation of cholic 
acid as sodium salt takes place The residue 
IS extracted with boiling benzene and ether, 
and then reerystallised from ethyl acetate. 
It consists of the two isomeric desoxycholeic 
acids the existence of which has been described 
by Mylius and by Vahlen By fractionation 
from ethyl acetate these weie obtained as 
substances melting respectively at 172° and 187°. 
The latter aiipcars to be identical with the 
choleic acid obtained by Mylius (Bor 1880, 
369 and 2000 , 1887, 683 and 1068) 

Properties — C^holic acid is a monobasic acid 
containing two jirimary and one secondary 
alcohol groups It ciystallises from aqueous 
ether or from dilute acetic acid with 1 molecule 
of water, from alcohol with one molecule of 
alcohol ; it loses both water and alcohol at 120°. 
It is soluble in acetone and acetic acid, almost 
insoluble in cold water, more soluble in hot 
(1 in 76) Its solubility in cold 70 p c alcohol 
IS 1 in 20 Specific rotation : aj)==37 0 (Vahlen, 
Zeitsch physiol. Chem 21, 266). It behaves to 
bromine and potassium permanganate as a 
saturated substance, but forms an ozonide on 
treatment with ozone, suggesting the presence 
of an unsaturated cyclic substance (Langheld, 
Ber. 1908, 1023 ; von Furth and Ishihara, 
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Biochem. Zeitsoh. 43, 323). A large number of 
oxidation products have been obtamed (Pregl. 
Zeitsch physiol Chem 1910, 167) On distillmg 
under 12 mm. pressure, a heavy oil passes over 
at 200° to 300°, solidifying to the triply unsatu- 
rated cholatrienecarboxylic acid C24H34O2, ni p 
163°. This acid gives the fluorescence with 
H2SO4 characteristic of cholic acid, but this 
jiroperty is lost on reducing it with hycLogon 
and palladium black (Wicland and Weil, Zeitsch 
physiol Chom 80, 287) 

ColoHi Rf actions — (1) Cholic acid dissolves 
in cone H2SO4 with a reddish yellow colour 
showing a charac tens tic green fluorescence. 

(2) Pettcnkofer’s Test An aqueous solution 
gives a red colour with a small amount of cane 
sugar on addition of cone H^S04 or H3PO4. 

(3) Mylius’ iodine leaction (Zeitsch physiol Chem 
1887, 306) To 0 01 gi mice alcohol, add m 
the cold 2 c c N/10 iodine solution and slowly 
dilute with water ; the mixture suddenly 
sohdifies to a paste of crystals which appear 
intensely blue by transmitted light. This test 
differentiates cholic fiom choleic and desoxycho- 
leic acids. 

Cmnpounds ii ith Qlycocoll and Taurin . — Both 
cholic and choleic acids occur in combination 
with glycocoll and tauim forming the impoitant 
bile-acids In man the latio glycocholate . j 
taurocholato vanes from 5 1 to 10 1 Taurin 
IS present in the bile of most mammals, icptfles, 
birds and fishes Glycocholate is absent m 
the bile ot the polar bear, dog, goose, and in 
certain fishes Cholic acid is formed m the livei 
and there combined with taurin and glycocoll 
It IS probable that it is derived liom the cholc- 
stoiol of the red blood corpuscles 

The physical properties of these acids jilay 
an exceedingly important pait m the digestive 
jirocesses They act as solvents for lipms and 
fat and so increase the velocity of resorption of 
the fatty acids in the mtostme, and act as 
activatois to certain enzymes 

Gli/cocholic Acid 1-26^43^^8^ occurs in 
quantity in bile, especially in that of herbivora 
It 18 exti acted fiom fresh bile by satuiating with 
ether and decomjiosmg with from 3 to 4 p c 
cone. IICI ; on standing a crystallmo paste of 
glycocholic acid separates The bile may also 
be dried on the water-bath and exti acted with 
90 p c alcohol Aftei distilling off the alcohol 
the residue is taken up with water, neutialised 
with milk of lime and filteied On acidifying 
with sulphuiic acid the acid separates It is 
easily soluble in acetone and acetic acid, 
soluble with difficulty in cthei and insoluble in 
chloroform and benzene Accoidmg to Knoop, 
it crystallises with mol watoi of crystallisa- 
tion and melts at 138° 

Taurocholic Acid ('26H45NSO7 This is the 
chief constituent of dog’s bile Alcohol is added 
to dog’s bile and the filtered liquid concentrated 
to dryness on the water- bath The residue is 
dissolved m alcohol, precipitated with ether and 
dissolved in water. Feme chloride solution is 
added to the neutral solution until further 
addition produces no precipitate After re- 
moving the iron, the filtrate is evaporated to dry- 
ness. The sodium salt is rubbed up with alcohol 
'Containing 2-3 p c hydrochloric acid ; after 
filtering off sodium chloiide ether is gradually 
added until crystallisation sets in. • 


Properties — Soluble in water, alcohol, ethyl 
acetate, msoluble in ether and chlorofoim. 
The crystals are obtamed anhydious on drying 
invacud. Jt melts with decomposition, the m p 
gradually changing from 100° to 180°. It pie- 
cipitatos protein from solution. I. S. M 

CHOLINE AND RELATED SUBSTANCES. 
Choline, tiimethyl-jS-hydroxyothyl-ammonium 
hydroxide, CH2(()H) CH^ N(CH3)301I, is formed 
by the hydiolysis of lecithin and hence probably 
occurs in all living cells , its isolation fiom 
animal or vegetable tissues has been recoidcd 
very many times, but has no special significance, 
for even when not originally present in the free 
state, some is generally formed fiom phosplia- 
tides duiing the process of isolation Kauff- 
mann (Zeitsch physiol Chom. 1911, 74, 175) has 
shown, howovci, that if perfectly fresh ox brain 
! IS woiked up rapidly, with precautions, hydroly- 
sis may be avoidecl and then no choline is ob- 
tained The best natural 60 uicc is crude lecithin 
Hard egg-yolk is extracted with ether and then 
with alcohol , the extracts are mixed and 
evaporated and the residue is boiled for one 
hour with 50 paits of cold saturated baryta 
solution After removal of the baryta and 
evaporation, the icsidue is exti acted with 
absolute alcohol and to the solution alcoholic 
mercuric chloride or platmic chloride is added 
(Gompaio D R P 193449 , Moruzzi, Zeitsch 
Physiol (Jhem 1908, 55, 352 ; MacLoan, ibid. 
55, 360 ) 3’he nuTcunchloiide is decomposed 
by hydiogon sulphide, the platimchlonde by 
the calculated quantity of potassium 
chlonde , in either case the cholme chloride is 
exti acted by absolute alcohol from the residue 
after evaporation Most other natural sources 
yield very little (seeds and animal vLsceia'some- 
thing like 0 02 p c ). The isolation of choline 
(and betaine) from vegetable sources has been 
described by Schulze (Zeitsch. physiol Chem. 1909, 
()0, 155) The aqueous plant extract is purified 
with kvid acetate, and then, after removal of 
the lead and evaporation, the residue is extracted 
with absolute alcohol. Cfiiolme and betaine arc 
precipitated with alcoholic inei curie chloride 
After reconversion into the chlorides and 
evaporation, cold absolute alcohol dissolves 
choline chloride, and loaves betaine chlonde 
behind 

Cholme IS best prepared synthetically. 
Gaseous liimethylamine is made to act (a) on 
ethylene oxide (Wurtz, Compt lend 1867, 65, 
1015, ‘ n6vime ’=cholme) , {h) on ethylene 

dibroimde ; the resulting trimethylamino- 
bromethylium bromide is best convertcnl into 
cholme by heating with water (Kruger and 
Bergell, Ber 1903, 36, 2901) , (c) on ethylene 

chlorohydnn (Renshaw, J Amer Chem Soc. 
1910, 32, 128) Cholme is also obtamed (d) by 
methylating ammo-ethyl alcohol (see below and 
Trier, Zeitsch physiol. Chem 1912, 80, 409). Of 
these methods (c) is the best , rather more than 
one equivalent of tnmetli^lamme gas is passed 
into ethylene chloiohydrm m a tube cooled to 
— 12° to —20°, which IS subsequently heated to 
80°-90°. The yield is almost quantitative. 

' The estimation of cholme (and betaine) has 
been worked out by Stanek (Zeitsch. physiol 
Chem 1905, 46, 280; 1906, 47, 83, 48, 334), 
and depencls on the precipitation m sodium 
bicarbonate solution of cholme periodide, by 
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a concentrated solution of iodine m potassium 
iodide. The weak base betaine is similarly piecipi- 
tated from the filtiate after acidihcation. Minute 
quantities of choline may be estimated physio- 
logically alter conversion into the acetyl deriva- 
tive {net helow , also Guggenheim and J^offler, 
Biochem. Zeitsch 1916, 74, 208; Fulmer, ihd. 
1916, 77, 408) 

Qualitatively cht)lino is lecognised as the 
dichroitio crystalline peiioditUi (Morence’s test 
for semen ; I^ocaiius, Zeitsch physiol. Chem. 
1901, 34, .339, Rosenheim, J Physiol 1905-6, 
33, 220), and by convei-sion into otliei salts. 
The mcrcun-c/ilonde C 5 Hj 40 NCl,()HgCl 2 ,H 20 , 
crossed hexagonal pi isms, m p 249°-251° dis- 
solves m about 50 parts of water at room 
tempciatuie, but m alcoholic solution the limit 
of ]>recipitation is given as 1 2,000,000 The 
'platintcldonde (C5Hj4('N)2PtC3a dcssolves in 
5 82 paits of water at 2R and is dimorphous , 
the conversion of the legular isotropic form into 
the anisoti opic monoclimc one is the surest means 
of detecting cholme without analysis (Kauff- 
maim and Voi lander, Ber 1910, 43, 2735). The 
au7icMonde dissolves m 75 parts of watei at 
21® and in hot alcoliol Neither this nor the 
platimchlonde has a characteristic melting- 
point The free base is a syrup , many of the 
salts aie deliquosi ent (for details see Gulcwitsch, 
Zeitsch physiol. Chem. 1898. 24, 513) For 
soluble non-deliqucscent salts, 6ce Ger Pats Nos. 
290523 and 290740 (Chem. iSoc. Abstr. 1916, i 
468 and 548) The physiological action of 
chohno IS in geneial antagonistic to that of atro- 
pine, and not very intense, intravenous injection 
lowcis the blood piossuio (c g Mendel, Underhill 
and Renshaw, J Pharm exp Therap 1912, 3, 
649) Esterification of the alcoholic hydroxyl 
enormously increases the activity A ( etyh holi ne 

IS 100,000 times as depressent as choline (Hunt 
and Taveau, U 8 Hyg Lab. Bull No 73, and 
physiological estimation above) Acetylcholine 
occura m ergot {q v ), but is veiy readily hyiho- 
lysed and is absent from most extracts The 
nitrous acid ester, long regaidcd as ‘synthetic,’ 
or pseudo -muscarine, is formed by the action of 
concentrated nitric and on choline The de- 
mons tiation by Ewins (Biocliem J. 1914, 8, 
209) that the leaetion product is not an aldehyde, 
as was commonly supposed, exjilams the diffci- 
cnces in physiological action between it and 
muscaime from Aumnita muscaria, the Fly 
Agaric This natural pioduct requiios fuither 
investigation, for it is apparently not identical 
with betaine aldehyde as was supposed by its 
discoverers The alkaloid sinapm m black 
mustard seeds is the choline ester of sinapic and 
Many other cholme asters and related deriva- 
tives have been piepaied by Hunt and Taveau 
(f.c ), Mengo (J Biol (‘hem. 1911, 10, 399, and 
U S. Hyg Lab Bull No 96), Ewins (Biochem 
J. 1914, 8, 366), and by Fourneau and Page 
(Bull Soc chim 1914 [iv ] 15, 544) The 
latter, m connection with the physiological action 
of snake venom, found that peumiiyl and steal yl 
cholme are strongly ha'inolytic 

Other bases related to cholme are neunne or 
vinyltnmethyl ammonium hydroxide 

CHa CH N(OH 3 ) 30 H 

formed from cholme by putief action and 
with a similar physiological action but 10- 


20 times as toxic Amino eihylalcohol or hydioxy 
elhylamine {'colamme') CH 2 OH CHgNH^ was 
obtained by Thudichum m 1884 by the hydro- 
lysis of the brain phosphatide kephalin, m which 
it entirely leplaces cholme It has been more 
recently recognised in other phosphatides. Trier 
(Zeitsch physiol Chem. 1913, 86, 1, 141, 153, 
407) Foi a full account of cholme and allied 
substances, see Baigei, The 8impler Natural 
Bases, Longmans, 1914 G B 

CHOLINE ESTERS v Mdscauine and Ergot 
CHONDRIN. A substance allied to and 
much resembling gelatin Obtained by boiling 
caitilago With water When dried it is a hard, 
horny substance which softens to a jelly m cold 
watcT, and is entirely dissolved by boiling water 
It IS precipitated ftom its aqueous solution by 
nearly all acids, m excess 01 certain of which 
it rodissolves , and by alum, lead acetate, copper 
and iron sulphates, and ineicuiic and niercuious 
nitrates Those reactions aie said to distinguish 
it from gelatm. 

By Morochowitz, chondiin is icgaided as a 
mixture of gelatm, mucm, and .salts (e Glue) 

CHROMATOMETERS V ( ‘OLORIM ETEKS 
CHROMAZONE BLUE, -RED y Azo- colour- 
ing MATTERS 

CHROME BLACKS, -DEEP BLACK, 
-BROWNS, -FAST BLACK, -FAST CYANINE, 
-FAST YELLOWS, -YELLOW, -ORANGE, 
-PATENT GREEN, v Azo- colouring matters 
CHROME VIOLET. Syn Mauve me, Per- 
kiris violet {v Azinls and colouring matters) 
The term is also applied to the sodium or 
ammonium salt of aiiimtiicaiboxylie acid {v 
Triphenvlmetiiane coi ourtng matters) 
CHROMITE 01 Chrome-iron-ore A mcmbei 
of the spinel grouj) of rnmoials, consisting 
ehsentiall;y of ferrous oxide and chromic oxide 
FcG Cr 203 , or Fe('i 204 , analogous to the 
alummates The ferious oxide is, liowovei, 
often partly replaced by magnesia, and the 
chromic oxide by alumina, so tliat theie is a 
passage to chromo-spinel or pitotite; on tho' 
other hand, with a leplaeomcnt of chioraic oxide 
by feme oxide, there may bo a transition to 
magnetite (Fej ()4 or FoFe,() 4 ) All these 
minerals aie cubic m crystallisation and belong 
to the same isomorphous group — the sjnnel 
group The actual amount of chiomic oxide 
vanes considerably, as shown by the followmg 
analyses , the oidinaiy ore, as mined, contains 
on an average 45 p c GrgOs . — 




ALO 3 


FeO 

MgO 

I 

67 9 

— 

— 

32 1 

— 

11 

44 15 

22 41 

5 78 

11 76 

15 67 

HI 

59 20 

7 15 

nd 

25 02 

4 42 

IV 

4L23 

24 58 

2 28 

16 99 

14 77 

V 

56 54 

12 13 

— 

18 01 

14 08 


I Calculated for FoCr 2 Cr 04 
11. Fiaiiklm, Macon co , North Carolina 

111. Price’s Creek, Yancey co , North Carolina (J. H. 
Pratt, Amer J. Sci. 1899, vii. 281 Also 
SiOa 2 80, MnO 0 69 

IV Tampadel, Lower Silesia (H Traube, Zeits 
Beutsch Geol Ges 1894, xlvi, 50) 

V. Bun Mountain, New Zealand. 

(For analyses of chromite isolated from meteorites, 
see W Tassin, Proc. U S. Nat. Museum, 1908, 
xxxiv 685 ) 

In general appearance, chrome-iron-ore is 
very like magnetite, but it is reacbly distinguished 
from this bylilie dark-brown colour of its streak 
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or [)owder, diicl by tho fact that it la ouly ahghtly, 
if at all, magnetic Sp gr about 4 5 Oystals 
are of rare occuricnce, the mmeial being usually 
found as grama disHemmated m basic ruclis of 
Igneous oiigin, especially those iich m olivine 
(viz tho peridotitea) Sometimes these grams 
are segreg.ited into nodular masses of eon- 
sideiabio size and with a gi an ulai to compact 
texture Rocks of this kmd, when subjected to 
weathering piocesses, become hydiated and 
altered into serpentine, and for this leason most 
of the woikable deposits of chiome-iion-ore aie 
ill serpentine locks With the denudation and 
breaking down of these locks, tho heavy grams 
of the chemically losistmg chromite collect in 
tho beds of sti earns and livers , and some of the 
deposits worked m the Ural Mountains aie ol 
this natuie 

C'hromito is tho only commerdal souho of 
chromium and its compoimds It is us(‘d foi tho 
piejiaiation of the oxides and chromat(‘s em- 
pJoved as ingments, .irid in dyeing, i alieo- 
pimtmg and tanning , in tho manufacturi} of 
chiomo-stcel and feriochiome, and for ehiome- 
biicks and furnace linings it is mined m 
European and Asiatic Turkey, (Ueec'e, the Ural 
Mountains, New (Caledonia, India, Baluchistan, 
Rhodesia, Quebec, (Jalifoima and Oiegon , and 
formoily, to a consideiablo extent, at Bare Hills, 
near Baltirnoie m Maiyland, and m Lancastei 
CO m Pennsylvania Quanics M'l're, at one time, 
woiked on Unst-, one of the 8hetlaiid Isles 
(Special Repoits on the Mmeial Rosouicos of 
Great Biitam, vol v Mem Geol »Siirvev, 
1910) 

On tlie Califoiman deposits, 6ee J S Uillei, 
Mmeial Resouices of the Umted States, U S 
Gcol Suivey, for 1915, 1910 , those of Canada, 
see E. Cirkel, Dept of Mines, Canada, No 29, 
1909 , and those of Rhodesia, A E V Zealley, 
Trans. Geol !Soc S Atiica, 1914, xvu 00 

L J S 

CHROMIUMo (Fr Chrome; Ger Chrom) 
ISymbol Or At wt 52 0 Chromium occuis 
principally as chrome-ii on-ore, or chwmite 
{q V ) Found laigely m Rhodesia, Now Cale- 
donia, Russia, Greece, Asiatic Turkey, and India 
Chromite deposits are also woikecl to a small 
extent in Bosnia-Hcr/egovma, Japan, California, 
Oregon, Transvaal, and Newfoundland The 
jnmcipal producei-s in 19111 were New Caledonia 
02,000 tons, Rhodesia 03,000 tons, Russia 21,000 , 
these countries tuinishmg about 90 pc of tho 
world’s total As sesquioxide C12O3, it is found 
m small ([uantities m chrome ochre, generally 
mixed with clay and associated with chiomite, 
111 France and Siberia As lead chromate it 
occurs in crocoisite and ^naUmchi oite PbCr04, 
and as a basic lead chromate m the rare 
mineral phoenicite 3PbO 2C1O3. It is usually 
present m the form of chromite 111 meteorites, but 
rarely to the extent of more than 1 p c Tho 
greenish colour of the emerald, verd-antique 
marble, serpentine, sapphire, and many other 
minerals, is due to the presence of chromium 
sesquioxide. 

Preparation . — Metallic chromium may be 
prepared by several methods Devillo pro- 
duced it m combination with a small quantity 
of carbon, m ingots weighing as much as 100 
grams, by the igmtion of a fixture of 
chromium sesquioxide and sugar in a lime 


233 

crucible, at the highest tempciatuie of a blast 
furnace 

Wohler (Aniialen, 111, 230) piepaicd chio- 
mium by fusing a mixtuic of the violet chioiiuum 
sesijuichloi ide with twice its weight of zinc undei 
a la^^er of c.jual parts of potassium and sodium 
chloiides. The mixtuie of zme and chromium 
so pioduccd was treated with dilute nitric acid 
to lemove the zinc, and tlie chromium lemamed 
as a light-gieeiiLsli powdci consisting of minute 
octahedia belonging to the quadiatic system 
(BoHey), of sji gi b 81 according to Wohler, 7 3 
accoidmg to Bunsen 

Ghronuum may be prepared by the elcctio- 
lysis of its salts, but the pmity and condituui of 
the deposit vary greatly with cut rent sticngtli 
and solution coucentiation A blight deposit, 
capable of leeeivmg a jiohsh, tan bo obtained 
by tho use of a hot 25 p e acid solution of 
chiomic ehloiide, with <i euiii'iit density of 
about 40-50 amperes pei squai(5 foot As m 
the ease of mi kel, tlie dejiosits have a stiong 
tendency to peel (Powper Gobs, Chem News, 
81, 10) 

It LS most easily obtained 111 small (juantities 
by heating equivalent paits of chioinic oxide 
(or nuxtuie of the oxide and anhydiidi') with 
aluminium powdei WOicn staitetl, the heat ol 
the leaition c.iuses it to continue and a fused 
mass of chiomium of a high degiei* of puiity is 
obtamed ((ioklschmidt, Annalen, 301, 10) 

In laige quantities it is best jnepaicd by 
heating the oxidi' with eaibon m the elcctiie 
furnace Tho crude metal thus obtamed always 
contains caibnhs, of whiili three dehrntc coni- 
poimds a])peai to (‘xist (hgOS, Cr4(j,and C15C2 It 
may be leimiHl by fuilbei heatang m the electric 
hiinate on .1 bed of lime mixed with chiomic 
oxide The lelined metal eiystallises in cubes 
or octahedia and still contains about 1 5 p c 
caibon By fuither lelmmg, liowovci, with a 
double oxide of chromium and calcium, the 
puie metal is obtamed (Moissan, Tho Electiic 
Finnace) 

Pure chromium is a steel-grey metal, slightly 
haider than glass , the carbides, howevei, an* 
hai del than quartz, so that a metal with between 
I 5 and 3 p e cai bon can only be c ut and polished 
by diamond tlust Its density is b 92, and it 
oxidises siqieiheially m moist air, the meltmg- 
pomt is piobably above 2000° (1510°, Johnston, 
J Ind Eng (3iern 1917, 9, 873) The puie 
finely divided metal bums lapidly when heated 
m tho blowpipe flame, and a pyiophoiic powder 
may be pieparcd by chstillatioii of chiomium 
amalgam m mevS {v injra) It also unites 
with nitiogen when heated 111 nitrogen or am- 
monia, forming a very stable nitride Ciude 
chiomium does not burn until heated to above 
2000° It combines with sulphur vapour at 
700°, and when heated to redness m hydrogen 
chloiide, forms chromoub ihlondc Electrolytic 
chromium occludes 250 times its volume of 
hydrogen Aqueous hydrochloric acid acts 
slowly on the metal, but the action is accelerated 
if the cdnomium is made the anode in electro- 
lytic hydrochloric acid Heating with sulphunc 
acid causes evolution of sulphur dioxide , con- 
centrated mtric acid and aqua regia have no 
action As m the case of iron, active and passive 
varieties of chromium exist ; m general, the metal 
IS rendered passive by oxidising solutions, whilst 
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hydrogen ions make it active. In the electro- 
motive Series, the active chromium immediately 
follows zmc, the mactivo metal is near platmum 
The cause of the passive state is usually ascribed 
to the existence of a superficial film of oxide, but 
this view has been disputed 

Chromium carbide boils at 2270° C., and the 
vapour consists entirely of chromium. Between 
2050° and 2250° the fused mass leinams constant 
in composition and coi responds with (’rjC^ 
Below 2050° down to 1875° graphite and the 
carbide CrgCa exist side by side as solid phases 
CrgOj IS also shown to exist (Zeibsch. Elec. 
Chera 18, 24 157) 

Alloys. Various alloys of chromium have 
been prepared, chiefly by means of the electric 
furnace, by the ‘ thermit ’ method, or by the 
mixture of the molten metals 

Molten zinc dissolves but little chromium , 
a hard and brittle alloy has been obtained in the 
form of hexagonal lamellae Almnmiurn and 
chromium mixtures, containing between 5 and 
55 p c chromium, separate into two liquid 
layers, and probably contain a compound, 
CrgAl 'Fhe alloys with a low percentage of 
chi om Him are brittle, one containing 13 pc 
chromium can be powdered in a mortar. 

Alloys with antwiony arc brittle, and com- 
pounds represented by SbCr and Sb^Cr are 
known (Jhromium alloys with copper with 
difficulty, but an alloy can be obtained by 
stirring in copper oxide into a molten alloy of 
aluminium and chromium (Moissan) The 
liquid metals are miscible only to a small 
extent 

Coball and chromium are miscible in all pio- 
portions, both in the liquid and the solid states, 
and yield a mixture of minimum melting-point 
1320° with 47 pc C’r Homogeneous alloys, 
containing above 30 p.c Cr, when cooled, sepaiate 
into two sets of crystals,, distinguisliable by 
electrolytic etclimg. 

Nickel chromium alloys with less than 00 p c 
nickel aie non- magnetic 

Stiver and chiomium, although partially 
miscible in the liquid state, form no solid solu- 
tion Molten cadmium does not dissolve any 
chromium. Molten mixtuies of had and 
chromium, containing moie than 27 p c lead, 
separate into this mixture and pure lead 

Chromium also forms silicides and hot ides in 
the electric furnace , of the former, compounds 
roprasented by SiCrg, iSiCr^, ISi^Crg, and SigCr, 
have been desenbed They are very hard — 
SiCr^ 18 harder than corundum — and are not 
attacked by ordinary acids, though attacked 
leadily by hydiofluonc acid and by aqua regia. 
The borides CrgBg and ('rB are metallic looking 
crystallme solids, not attacked even by a mixture 
of aqua regia and hydrofluoric acid The com- 
pound CrB is stated to be weakly magnetic 
The phosphide CrP, obtained from the metal 
and copper phosphide, forms dull-grey crystals, 
sp.gr. 5 71, which bum in oxygen, formmg 
chromium phosphate, but are unattacked by 
all acids except a mixture of hydrofluoric acid 
and aqua regia 

By electrolysis of a strongly acid solution of 
chromic chlonde, usmg a platmum anode and 
a mercuiy cathode, an amalgam HggC^r is 
obtamed, soft and brilliant, and altermg but 
slightly m air. By pressure, a harder amalgam 


HgCr as obtamed, which alters m air more 
rapidly. By distillation in vacud, both lose 
mercury and yield pyrophoric chiomium {v. 
supra) An amalgam may also be obtamed 
by the action of sodium amalgam on a chro- 
mium salt. 

With iron the alloys of chiomium are of 
great interest. The presence of chromium m 
lion or steel produces a much finer texture, 
greater hardness, tenacity, and elasticity, and 
greater smoothness of fracture Chromium can- 
not bo used to leplace carbon m steel, as has 
been asserted (Boussmgault) 

When crystallme, the tendency of these 
alloys IS to produce needles mstead of plates, 
as in the case of manganese. Chiomium lowers 
the Arg pomt eventually causmg its disappear- 
ance, whilst iC raises the Ar^ pomt of the steel, 
the proportion of chromium required being less 
the higher the caibon, e g with 0*2 pc. carbon 
5 p c chromium is required Hence chiomium 
steels are self-haidenmg (i e. air-haidenmg). 
Steels containing 15 p c chiomium have been 
used for tools and have to be cast to shape 
With 0 5 p c chromium and 0 5 p c carbon the 
steel IS used for well bits and jais and has no 
equal m the haidened state With 1 pc 
chromium and high carbon the steel is used m 
bearing balls, cones, i oiler bcaiings and iiushmg 
machmery These low chromium steels when 
well annealed can be machined Its principal 
use is m conjunction with other alloy steels, 
especially mckel steels, to which it imparts greater 
toughness and hardness As such it is used 
extensively in automobile parts, and when used 
in armour plates they are case-hardened and 
quenched Chrome steel is also used m the 
manufacture of special kinds of files The alloy 
18 usually prepared of the reqmsite composition 
by the addition of a definite amount of 
‘ ferrochrome,’ contammg from 40 to 85 pc 
chromium to the molten steel. Ferrochrome was 
formerly prepared from iich chrome-iron ores in 
blast fiiiiiaces by the use of coke and hot high- 
pressure blast, or in trucibles In 1890 the 
manufacture was commenced m the electric 
furnace and has gradually supeisedcd the other 
methods. In the reduction of chromium from 
chromite to form ferrochiome, the iron being 
reduced, reduction of chromic oxide begins about 
1185° C Tliiity parts of pure carbon arc theo- 
retically necessary for every 100 paits of non 
and chromium reduced On the basis of the 
double caibide Fej0,C’rgC, being formed in 
reduction of the chiomito the following reaction 
occurs : 

9FeO,9Cr,O3-f50C 

= [ 2 (Fe 30 , 3 Cr 3 C 2 ) -f- 3Fe] -f 3GCO 

The ferrochrome resulting would contain 
theoretically 10 4 p c carbon, 314 p.c iron, and 
58 2 p e chromium. The ore has to bo finely 
ground and is then mixed with anthracite coal 
in the proportion of 37 parts of carbon to 100 
parts of ore which forms the above alloy and 
charged into the furnace The power consumption 
in a 750 kilowatt furnace of the Alby carbide 
type at Kapperaen, Norway, was 3'0 kw. hours 
per pound, or 0 68 kw. year per^ short ton for 
5 p c carbon and 65 p c chromium ferrochrome. 
The percentage of carbon in the ferrochrome 
cannot be kept low by regulating the coal 
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charged into the furnace, but decarbunsation I 
can be effected with an oxide slag of iron or 
chromium after tappmg the slag from the first 
reduction. (Amer. Electrochem. Soc. 1913, 176.) 

The addition of chromium decreases the 
magnetic properties, but all alloys, to 80 p.c. 
chromium, are magnetic. The magnetic pro- 
perty of chromium is not increased by coolmg 
m solid hydrogen (Compt rend. 160, 687). A 
mrbide of chromium and tungsten of great 
hardness and of sp gr 8*41, has been produced 
in the electric furnace, and to it the special 
properties of chrome iungsien steels are probably 
due These latter (as well as chrome molyb- 
denum steels), containing up to 3 p.c. chromium 
and 16 pc tungsten, are used for the manu- 
facture of machine tools (bbalt is frequently 
added to l)oth classes of tool steel 

Detect 1071 of Chrcrmium. When heated 
strongly, all compounds of chromium impart a 
green colour to a boiax bead in both the i educ- 
ing and oxidising flames On ignition with 
potassium nitrate, all chromium compounds pro- 
duce a yellow colour, due to the presence of 
potassium chromate If this is dissolved in 
water, the addition of a solution of lead acetate 
produces a precipitate of chrome yellow A 
similar oxidation occurs when chromium com- 
pounds are fused with sodium peioxidc, or when 
solutions of chromium salts are boiled with 
sodium peroxide. A delicate test for a soluble 
chromate is to add excess of hydiogen peroxide 
to a little of the solution m a test tube and shako 
up with a few c c of ether , a blue colouration 
indicates chromium {tiee under Perchromic 
acid ) 

Solutions of chromic salts oi salts of ses- 
quioxide of chromium liavc an acid leaction 
With caustic alkalis they pioducc a green pre- 
cipitate of hydrated oxide partially .soluble in 
excess of the leagent, but i (‘precipitated on 
boiling the solution Witli carbonates, a gieen j 
precipitate is produced, likewise soluble in ! 
excess. 

Chromates (in which the chromium exists as 
an acid) are usually strongly coloured. Soluble 
chromates are reduced, when warmed with sul- 
phuric acid and a leducmg agent such as alcohol, 
with the production of a green colour The 
chromium is then picsent as a base, and may 
be precipitated, as alicady mentioned When 
heated with hydiochlonc acud, they are partially 
reduced, with evolution of chlorine and formation 
of chromium chloride and chloride of the metal 
present as chromate, together with the forma- 
tion of chreymijl chloride CrO^Cl^ 

Solutions of chromates containing no ficc 
acid except acetic acid give a yellow precipitate 
with a salt of lead, a red precipitate with silver 
nitrate, and a yellow precipitate with a salt of 
barium 

Estimation — When present as a base, chro- 
mium IS usually estimated as sesquioxide OgOfj. 
Eor tins purpose, the solution is heated nearly to 
boihng, ammonia solution added in slight excess, 
and the temperature maintained untd the liquid 
IS perfectly colourless, mdicatmg that the 
hydroxide, which is slightly soluble m excess of 
ammonia, is completely precipitated The pre- 
cipitate IS well washed by decantation and trans- 
ferred to a filter, washed thoroughly with hot 
water, dried, and ignited. The oxMe produced 


contains 08*63 p.c. of chromium The precipita- 
tion IS not complete m picsence of oiganic matter, 
and when a glass vessel is used, the piecipitate 
always contains a small percentage of silica 
Chromium, when present as a chromate, cannot 
be estimated directly by that method It le- 
quires to be first reduced to a base For this 
purpose, hydrochloric acid and a small quantity 
of alcohol are added, and the solution heated 
until the odour of alcohol is dispelled The 
chromium may then be precipitated as above 
For the direct estimation of chromium m chro- 
mates, the precipitation with load acetate is 
most satisfactory I'he solution is mixed with 
sodium acetate and acidified strongly with acetic 
acid A solution of noimal lead acetate is then 
added, and the precipitate of FbCi 04 is collected 
on a weighed filter, wiushed, dried at 100°, and 
weighed It contains 16 19 p c of chromium, oi 
31 06 p c of chiomic anhycliidc CVO., Or the 
precipitate may be di.S8olved m well-cooled dilute 
hydiochlonc acid (1 of HCl to 3 H 2 O) potassium 
iodide added and the liberated iodine titiated 
with N/IO sodium thiosulphate The following 
scheme may be adopted for the estimation of 
chromium in chrome iron ore A few grams of 
the carefully sampled mineral are ground in an 
agate mortar and passed through a fine muslin 
sieve The dust so produced is fuither ground 
in small portions until all giittincss, on passing 
a little between the fingers, has disappcaied and 
the ore cakes as an impalpable powder lound the 
pestle About 0 6 gi am of the powdei is weighed 
into a platinum crucible of about 50 c c capacity, 
covered with twelve times its weight of rt'cently 
fused hydrogen potassium sulphate (potassium 
bisulphate), and gently heated to just fuse the 
sulphate After keejiing at this temjieratuie for 
15 or 20 minutes, the heat is gradually increased 
until the Cl uuble bottom bccome-s red hot. The 
fused mass should not be allowed to rise above 
half-way up the (‘luciblc The mixture soon 
fuses quietly, and evolves dense fumes of 
sulphuric acid , the heat is gradually increased 
to bright redness In about half an hour, 6 parts 
of powdered anhydious sodium carbonate are 
added and the mixtuie again fused foi an hour 
at a red heat, 6 parts of nitre being added in 
small poi turns The temjieratuie is then laised 
to a full led heat for about 20 minutes , the 
crucible cooh'd and transfeircd to a poicelain 
basin where the mass is boiled out with water 
The solution is filtered, and the residue washed 
with hot water until the lilt rate corner thiough 
colouiless The filter and its cont/cnts are diied, 
the precipitate detached and placed with that 
still lemaming in the basin, the filter paper 
burned, and the ash also added. To ascertain 
if the fusion has been satisfactory, this residue is 
digested with moderately strong hydrochloric 
acid, when the whole should dissolve Any in- 
soluble black residue mdicate-s either imperfect 
grinding or insufficient fusion It must be col- 
lected on a filter, dned, and the whole ignited m 
a crucible and treated with pota.ssium bisulphate, 
&c , as in the first instance. The aqueous ex- 
tract, after fusion, is mixed with the mam solu- 
tion. To the liquid, a few grams of ammonium 
nitrate are added, and the whole evaporated to 
dryness, taken up with water, and filtered from 
the alumina, silica, &c., into a porcelain basin. 
An excess of sulphurous acid solution is then 
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added, aad the Bolution heated until that gas is 
nearly expelled. The chromate, having thus 
become reduced to chromium sulphate, a slight 
excess of ammonia is added, and the solution 
boiled until colouiless. The piocipitated chro- 
mium liydroxide is washed by decantation with 
hot water, transfericd to the filter, and washed 
with hot water six times The use of the suction 
pump IS of gieat assistance in this opeiation The 
precipitate and filter are then diiod, tiansfeiied 
to a weighed jilatmuin eiucible, and heated 
gi'iitly until the paper is cfuirred The crucible 
lid IS then jilaced at tlic edge of the crucible so 
that the flame may reverberate into the crucible, 
and the whole ignited stiongly for 10 or 15 
minutes The weighed precipitate should show 
no yellowish colour on treatment with a few 
drops of water , if such a colour is inoduced it 
indicates impel feet Wcushmg of the precipitate 
from alkali salts The oxide contains 68 63 p c 
of chiomium 

I’he oxidation may also be effected by means 
of sodium peroxide, and the cliromate pro- 
duced, instead of being leduced to chiomic oxide, 
may be estimated as i hroimc acid volu metrically 
For this, various methods are available, e(j (1) 
boiling with standard acsenious oxide and osti- 
matmg the excess by standard iodine , (2) 

adding potassium iodide and titiatmg iodine 
li belated by staiidaid thiosulphate ; (3) adding 
standard feiious ammonium sulphate solution 
and titiatmg excess with standard potassium 
diehi ornate 

A speedy and accuiate method for the esti- 
mation of chromium in ferrochromo oi chromite, 
IS the following 1 pait of the ore is finely 
powdered, as desciibed above, and fused with a 
iiiixtufc of 5 parts of sodium pcioxide and 8 parts 
of caustic soda in a silver crucible The aqueous 
extract is filtered and again similarly treated , 
thiee or four such fusions are necessary to dis- 
solve all the ore, when the only lesiduo is a little 
silver extracted from the (Tucible The filtiate 
IS acidified with sulphuric acid, boded for 40 
minutes and diluted to a known volume An 
aliquot part is then titrated with potassium 
iodide and standaid sodium thiosulphate 

Chromates may also be readily estimated m 
acid solution by hydrazine sulphate, whereby 
nitrogen is hbeiated, 100 e c of nitrogen at 
N.T P. being equivalent to 0 59576 gram Ci 

CoMrouj^DS OF Chromium. 

Chiomium forms a number of oxides, of 
those, chromoiLb oxide (‘rO, and thiomic oxide or 
chiornmm smiuioxidc C-r^Og, arc definite basic 
oxides, yielding with acids salts m which chro- 
mium IS pi esent as a divalent or tnvalent cation, 
formmg the chromous and the chrmnic salts. 
Chromic oxide can also combine with bases to 
form salts, the chromites, of the type MCr02, in 
which tho chromium is present in the monovalent 
anion CrO'g* Chromic anhydride CrOg is an acid 
anhydride forming, with bases, salts of the type 
M^CrO^, the chromates, or M2Cr207, the di- , 
chromates, in which the chromium exists as the 
divalent anion CrO''^ or Cr20"7 Other oxides 
have been prepared and are usually regarded as 
compounds of the basic and acid oxides, e.g, 
Cr/lg Cvi) ^—chromic chromate. The chromous 
salts are of no mdustnal importance at present. 

The salts of chromium are coloured shades of 


violet or green ; all solutions of violet chiomium 
salts show similar absorption towards light , 
i^ctrum due therefore to the eliromium ion 
In solutions of green complex salts tho absorp- 
tion band and limit of complete absorption aie 
both shifted towards the red end of tho specti um. 

Chromous oxide, CrO, is most con- 
veniently prepared by tho action of dilute 
nitric acid on chromium amalgam wlm h dis- 
solves the mercury leavrng chromous oxide as 
a black powder. 

Chromous salts. Traube & Goodson (Bei. 
1916, 1679) have prepared chromous salts by 
the electrolytic reduction of the coi responding 
chromic salts as a cathode of pure lead The 
most favourable conditions for the reduction 
of violet chiomic salts are in moderately acid 
concentrated solutions \^th a cuircnt density 
of 2 5 amps per square decimetre Tho more 
common green salts can bo used m more con- 
centrated solutions, but requiie a greater density 
of current. 

Chromous salts are gradually oxidised in 
acid solution with the liberation of liydiogen, 
thus 2CrO f-H^O^^Cr^Oj+Hg They aio on this 
account able to lediue compounds with double 
or tuple linkings in tho presence of water 
Acetylene is thus i educed to ethylene, but not 
to ethane N itro us oxide m the presence of alkali 
hydroxide ls i educed to nitiogen, Nitiic acid 
and hydroxylamino aie i educed quantitatively 
to ammonia (Ber 1916, 1692) Chromous salts 
from stable double compounds with hydrazine 
salts and may be piecipitatcd from chromous 
acetate dissolved in air free water, covered with 
petroleum ethei Cluomous di-hydrazme chloride 
CrCl22N2H4 is a blue-coloured powder sparmgly 
soluble in water 

Chromic oxide, Chromium sesquioxide CrgOj. 
This compound is produced by the oxidation 
of metallic chromium and by ignition of chromic 
hydroxide, chiomic anhydride, and ceitain 
chomates 

Wohler prepared this oxide in fine, small 
rhombohedral crystals by passing the vapour 
of chiomyl diehlondo through a tube heated to 
redness Tho crystals are isomorphous with 
corundum and of equal haidness , tlicir sp gi is 
5 21 Crystallme chromic oxide is also obtained 
when a mixture of potassium dichromato and 
sodium chloride is heated to redness (Ditto, 
Compt lend. 134, 336) The finest eoloiiied 
amorphous chromium oxide is produced by heat- 
ing mercurous chromate Hg2CrU4 in a coveied 
crucible , mercury and oxygen escape, and the 
oxide lemains liis a green powder For tho 
preparation of this substance on the large scale, 
a gieat number of methods are iccommended 

Boil a solution of potassium dichromate with 
half its weight of flowers of sulphur so long as 
the green hydroxide is precipitated Tho addi- 
tion of a little potsish solution, by formmg 
potassium sulphide, accelerates the decomposi- 
tion Tho precipitate is filtered from the 
, solution contaimng potassium sulphate, and 
washed The sulphur retained in tho precipitate 
may be removed by heatmg Instead of 
performmg the reaction in the wet way, the 
mixture may be igmted m a crucible, and the 
resultant mass digested with water (Lassaigne, 
Ann. Chun. Phys. [3J 14, 299). Wolilcr (Pogg. 
Ann. 10, 46) neats a mixture of potassium 
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dichromat© with its own weight of ammonium 
chloride and a small quantity of sodium car- 
bonate, and purifies the residue by washing 

According to Banan (Rev Scient. 20, 426), a 
very pure colour, suitable for colouring fine por- 
celain, 13 produced bv igniting in a crucible a 
mixture of 4 parts oi potassium chromate and 
1 part of starch. The mass is washed free from 
potassium carbonate and re-ignited 

Chromic sesquioxido is a green pigment of 
great permanence. It is not acted upon by 
chlorine or sulphur gases or by an intense heat 
It melts at 1990°, and crystallises on coolmg 

Chromium hydroxide Cr4(OH)f,Oa, lOHgO or 
Cr4(OH),oO, OHaO (Jovitschitsch Heid Chim 
Acta, 1920, 3, 46) absorbs carbon dioxide from the 
atmosphere until saturation limit is reached. The 
compound appears to be C03[Cr(0H)5)2,8H20 or 

S^fOH)^ Q^^COjOHgO (Jovitschitsch) It can 

be dried at 100° without losing COg, which is, how- 
ever, liberated by acids (Compt rend 158,782 ) 

Hydrogen and carbon monoxide are without 
action, but it is reduced to the metallic state on 
heating with carbon at a temperature of 1185° 
or higher. 

This oxide is largely used imder the names 
chrome, green (mixtures of chrome i fellow and 
Prussian blue are also frequently called chrome 
greens and must not be confounded with the 
true chrome green), and ultrarmime gieen for 
imparting a green colour to glass, porcelain, &c 
It is used for producing the chrome red glaze 
in ceramic ware, as a pigment, in oil and water 
colours and in punting, and as a mordant m 
calico-printing and dyeing Ceitain hydrated j 
oxides are also used under various names , their ! 
colours are, generally speaking, brighter than | 
that of the anhydrous oxide, but they usually 
contain small quantities of other substances 
besides the oxide and water 

OuiqneCsQreeti I Penneltier'’s Green ^ Emeutld 
Green; V endian Cr403(0Il)g This pigment 
appears to be identical with that formerly 
manufactured in secret by Pennettier Accord- 
ing to Gqignct’s method, 3 [larts of bone acid 
md 1 part of potassium chchromato aio heated 
bo dull redness in a reverberatoiy furnace The 
mass swells up, evolves oxygen, and becomes of 
a fine green colour ; it contains the borates of 
potassium and chromium, or a double borate 
of those two metals, ft is boiled with water, 
whereby the borate of chromium is decomposed 
into boric acid and hydrated chromium sesqui- 
oxide, potassium borate also remammg m solu- 
bion The precipitate is well washed, dried, and 
finely ground. It usually contains boric acid 
3ven after thorough washmg. The washmgs and 
mother liquom are evaporated for the recoveiy 
3f the boric acid. 

Accordmg to the Chem. Zeit 9, 861, the pro- 
3ess now used on the large scale is as follows ; 
The boric acid is first purified by solution m hot 
water, treated with ammal charcoal, and re- 
3rystallised The crystals are dned m a centri- 
fugal machine The mother hquor may be 
3mployed three or four times for recrystallisation 
3f fresh portions of acid, but becomes then too 
mpure for further use. Eight parts of potas- 
uum dichromate and 3 parts of purified boric 
icid are ground into a stiff paste with water, and 
the mixture in charges of about 1 ^wt. is heated 
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to dull redness for about 4 hours in a reverbera- 
tory furnace. The fused mass is tin own into 
water, and washed repeatedly by decantation , 
the pigment is ground while wet, again washed, 
filtered, and dned. The first two washings con- 
tain considerable quantities of potassium borate, 
which IS recovered by evaporating in leaden 
pans, adding hydrochloric acid and allowing the 
bone acid formed to crystallise The mother 
liquor IS further evaporated and crystallised 
The crystals aie redissolved, the lead (from the 
pans) precipitated by hydrogen sulplnde, and 
the filtiatc leciyst.illised In this manner, from 
70 to 75 p c of the boric acid is redbvorod. 

Guignet’s green is the most permanent green 
pigment known , it is unactod upon by light oi 
concentrated boiling alkalis ; it is not affected 
by acids m the cold, but hot hydrochlone acid 
slowly dissolves it When heated to 200° it 
becomes anhydrous It is a fine green pig- 
ment largely used for the same purpos<'S as the 
ordinary oxide It may be used in place of the 
dangerous arsenical greens It possesses good 
covering power, and can bo mixed with other 
pigments without alteration When mixed with 
lead chromate, it is employed for the pioduc- 
tion of a pale-green colour in landscape painting 

Other chrome greeiis are obtamed by the use 
of sodium phosphate Those always contain 
some phosphoric aeid They are, however, not 
as brilliant as the oxido chrome greens. Vanous 
methods of preparation are employed Amaudon 
dissolves ainmomum phosphate with slight 
excess of potassium dichi ornate in a little 
boiling water, evaporates until mass solidifies 
on cooling, heats at 80° and later at 200°, 
washas with hot water, dries and powders 
Another method consists in boiling a solution 
of 10 Ihs potassium diehromato with 18 lbs 
sodium pliosphato, adding 10 lbs. sodium thio- 
sulphate and a little hydrochloric acid, and 
boiling until precipitation is complete. The 
precipitate is washed, ground, and dried 

Accortbng to Bong (Ber 20, 201), a blue pig- 
ment, retaining its colour at high temperatures, 
suitable for colouring porcelain, &c , is produced 
by Igniting strongly, in the air, an intimate mix- 
ture of .5 parts boric acid, 15 parts alumina, 
20 parts magnesium caibonate, and 2 parts 
barium chormate 

Chromyl dichloride 0r02Cl2. Moissan (Compt. 
rend 98, 1581) prepared chromyl chlonde by 
treating dry chiomic anhydnde with hydioclilonc 
acid gas It forms at the ordinary temperature 
but the action is accelerated by heating It 
may also be made by distillmg potassium 
bichromate (3 parts), common salt (3 parts) with 
sulphuric acid (9 parts) in an atmosphere of 
carbon-dioxido. The corresponding bromide 
and iodide cannot bo made by this method, but 
the fluoride can, the formula for the latter being 
GrOgFa (Gazz chim ital 10, 218) Low and 
Perkin (Ohem Soc Trans 1907, 191) found that 
the best way of preparing this compound is to 
dissolve chromic anhydride (60 grams) m strong 
hydrochloric acid (170 c c ) to which is added 
100 c e of strong sulphuric acid, 20 c c at a 
time Chromyl chloi ide sinks as a red liquid and 
may be separated m a tap funnel. B p at 760 
mm. is 116'63° m p. —96 5°, ±0 6°. It is a deep 
red bquid resembling bromine, L)4"'*’ 2 0528- 
2 0515, D4° 1*9591-1 9582, 1 9124-1*0113. 
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Tfcfl vapour is not dissociated at 181® C When 
heated in a closed tube to 180*^-190® tnchromyl 
chlonde ((^r02)3('l2 formed It is a black 
non-crystalhno powder deliquescing in air 
Chromyl dichloride combines with phosphorus 
tnchlonde in carbon tetrachloride solution to 
form CrOCl,POCl3 

Chromic chloride CrClg or C'r^Clg. The 
anhydrous chloride is obtained by heating a mix- 
ture of carbon and chromium sesqmoxide in a 
current of chlorine It can be also conveniently 
prepared by Burion’s method (Compt rend. 
148, 170) by passing the vapour of sulphur 
chloride, b p. 137-90, over the oxide gradually 
raised to a red heat It forms pale -violet scales 
of sp.gr 3 03 ; it is almost insoluble m water, 
but dissolves readily, being transformed to the 
green variety (o infra), if only a minute trace 
of chromous chloride (1 in 20, (XK)) is present 
Ohromic chloride may be prepared m solution by 
dissolving the hydroxide m hydrochloric acid 
ft forms two isomorphous hexahydrated salts 
((lrCl,,61i,0), one blue and the other green, and 
also a tetrahydrate and a decahydrate The 
blue hexahydrate, when dissolved in water, 
appears to give the ions [(V(OH2)a]'" and3Cl', all 
the chlorine being precipitated by silver nitrate ; 
the green salt, however, at first forms the ions 
(Cr(OH2)4Cl >>21X20 J and CP, only J its chloiine 
being immediately precipitated (Weiner and 
Gubser, Ber 1901, 34, 1579). In calico-printing 
a neutral solution of chromic chloride, prepared 
from potassium dichromate, is frequently used 
The following method is recommended by De 
Karrur Dissolve 9 lbs. of potassium dichromate 
in 5 gallons of boiling water Prepare also a 
solution of 9 to 11 lbs. of white arsenic in 24 
gallons of boilin^ water, and mix, with constant 
stirrina:, with the solution of dichromate A 
greenish precipitate of chromic hydroxide soon 
separates , it is cooled, filtered, and washed with 
boilmg water The xirecipitato is added m 
portions to a solution of hydrochloric acid 
(diluted until it no longer fumes), with constant 
stirnng, until a portion remains undissolved A 
solution of soda is then added and well mixed, 
until the hydroxide begins to precipitate The 
dark-green solution, being thus neutralised, is 
evaporated to 4b® B and is ready for use A 
basic chloride CrC^hOH)^ is also employed a.s a 
mordant for silk and cotton 

Chromic fluoride CrF3,4H20. This product 
IS used in the punting and dyemg of woollen 
goods. It IS a fine crystalline green powder, 
very soluble in water It has a corroding action 
on glass, and is therefore best kept in lead or 
wooden vessels It may be used as a mordant 
with both vegetable and ammal fabrics, and is 
often employed m the place of acetate or nitrate 
of chromium for printing, and in general gives 
finer results Alizarin dyes, C(erulem, gallein, 
(fee , and logwood extrtU’ts, are hxed as perfectly 
as with acetate of chromium. One advantage 
in using it is that it is solid It has no injurious 
effect on the pile, and is often used m place of 
chromates where the oxidising action of these 
IS injurious, especially with wools. Chromium 
sihcofliioride, prepared by dissolving the oxide 
in hydroflupsilicio acid, has also been used in 
dyeing and pnnting in place of the fluoride, and 
IS stated to give better results. 

Chromium nitrate. By dissolving strongly 


heated chromic oxide in hot concentrated nitric 
acid of J>. 1 4 a solution is obtained from which 
the hydrate Cr2(N03)fl,15Ha0 cr3rstallises on 
cooling in the form of dark brown prisms 
ra-6-c=l*4250- 1:1 1158, ;8=93° 10'] In 
contact with dry air the crystals lose GHgO with 
the formation of the grey coloured hydrate 
Cr2(N03)8,9H20 (Monatsh. 33, 9). 

Chromium phosphate, formed by mixing 
cold solutions of chromic alum and disodium 
hydrogen phosphate, is a violet amorphous 
solid, which in contact with water becomes 
crystalline and has the composition CrP04,6H20. 
On boiling with water it is converted into the 
green crystalline hydrate (VP04,4H20 On 
further heatmg it loses two molecules and is 
converted into the dihydrate. When heated 
to low redness the phosphate becomes anhydrous 
and forms a black powder (Joseph & Kao, Cheni. 
Soc Trans 1917, 111, 196). 

Chromium phosphides. When finely divided 
chromium, prepared from amalgam, is heated 
with red phosphorus in a scaled exhausted tube 
the phosphide Cr2P3 is obtained This on heat- 
ing in hydrogen to 440° is converted to CrP. 
Both phosphides are grey and insoluble in acids 

Chromium arsenides. When finely divided 
chiomium ls heated with an excess of arsenic 
in a sealed exhausted tube, the product powdered 
and again floated, the grey arsenide Cr2As3,D4^ 
6 2 IS obtained When heated m hydrogen at 
480°-500° a second arsenide OAs is obtained 
DJ® 6 35 Both compounds aie insoluble in 
acids (Zeitsch anorg Ohem 86, 291 ) 

Chromium sulphates. These are prepared by 
tho solution of the hydroxide in suliihuiic 
acid It yields a bluish- violet solution, which, 
on boiling, becomes green. Tiio cxpeiimcnts of 
Kccoura have shown tliat numbers ot compounds 
of diffeient constitution exist both in the violet 
and green varieties, but they are not of com- 
meicial interest (^f Oojson, Compt rend 1907, 
144, 79, 206, Senechal, ihid 1914, 159, 243 
Tho double sulphates of ehromium and potas- 
sium, sodium and ammonium, are, however, of 
importance These are known as chrome alnm^ , 
they crystallise m line octahedral crystals con- 
taining 24 molecules of water isomorjihous with 
those of ordinary alum, and of corresponding 
composition. 

Potassium chrome alum, Chrome alum 

Cr2(S04)3-K2S04,24H20 

This substance may be prepared by mixmg solu- 
tions of chromic sulphate and potassium sulphate 
in molecular proportions, or more conveniently 
by the reduction of potassium dichromate in 
sulphuric acid solution 

The best method is to add 5 parts of strong 
sulphuric acid to a solution of 3 parts potassium 
dichromate in 30 parts of water with the addition 
of a reducing agent, preferably a current of sul- 
phur dioxide . 

K3Cr207+H2S04-f3S02-f24H20 

-K2S04-Cr2(Sq4)3,S4H20+H20 
When the sulphur dioxide is substituted by 
other reducing agents, such as alcohol, a larger 
quantity of sulphuric acid is required. 

Chrome alum is obtained in large quantities 
as a by-product from the oxidation of organic 
substances Iby a mixture of potassium 
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dichromate and sulphuric acid, as in the oxidation ' 
of anthracene to alizarin, in the manulacturo of 
aniline violet, &c. 

Pure crystallisable violet chrome alum is 
prepared by the electrolysis of a solution of 
potassium dichromate mixed with sulphunc acid 
The liquor is circulated in the cathode compart- 
ment which is separated from the anode by a 
porous vessel The cathode is preferably of 
carbon. Dilute sulphuric acid is circulated m 
the anode compartment and the anode may be 
copper with copper turnings to utilise the 8O3 
ions. (Inter Cong 1912 ) 

It crystallises in fine dark-purple octalu'dra, 
especially in presence of excess of acid, is soluble 
in 7 parts of cold water, forming a 1 eddish- blue 
solution, which, when heated to about 70^^, be- 
comes green It returns to its oiiginal colour 
after standing some weeks 

When heated to 25°-30°, the crystals lose 
half their water and become lilac- coloured , 
at 100" a further quantity of water escapes and 
the crystals turn gicen, at SbtP they become 
anhydrous, but are still soluble m water ; at a 
temperature slightly above 350" they become 
grccnish-yidlow, insoluble in water (Lowe), and 
only slowly soluble in acids. 'Phe green salt 
only contains J of the 80 4 as an acid ion, 
ana is probably a sulphate of a sulphochromyl 
hydroxide Por these compounds, reference 
should bo made to the extensive researches of 
Recoura (Ann (Uum Phys [71,4,494) 

Chrome alum is used m dyeing, calico print- 
mg, and tanning 

Sodium chromealumNa2804 1^,(804)3,241120 
corresponds to the potassium salt, but is more 
soluble m water 

Ammonium chrome alum 

(NH4)2«04 012(804)3, 24H,0 

is prepared like the preceding alums It is less 
soluble in water than potassium chiome alum 
It melts at 100" 

Chromium chlorate 0^^(0103)3 is used to 
some extent m calico printing (De^fuerres and 
others, Dnigl poly J 228, 2b0-2()3), and foi 
increasing the permanence of aniline black It 
may be prepared by the addition of a solution of 
jiotassium chlorate to chiomo alum or by the 
addition of barium chlorate to a solution of 
chromium sulphate, the barium sulphate being 
precipitated According to Laubci and Wcinrcb 
(Dingl poly J 257, 290), it is best prepared by 
the following process : Dissolve tiO parts of 
clirome alum in 80 parts (by weight) of hot 
water ; add 20 parts of soda dissolved m 00 
parts of water, and wash the precipitated hy- 
droxide Redissolve the precipitate m 10 parts 
of cold sulphunc acid of r)0°B , filter if necessary 
and add 22 parts of potassium chlorate dissolved 
in 50 parts of water The solution is evapo- 
rated slightly and the potassium sulphate crystal- 
lised out ; the more soluble chromium chlorate 
remains in solution. When heated at 100" it 
gives off quantities of chlonne and forms a 
yellow-red liquid contaimng chromic acid and 
other compounds.* 

Chromium perchlorate is obtained by dis- 
solving the hydroxide m perchloric acid and 
evaporating the solution. It forms short green 
deliquescent needles and is very solubk in 
alcohol (Bull. Soo. chim. 1913, >03). Two 


perchlorates are known [I-r(H>D)6l(( 104)3 and 
[Cr(H20)4]((3104)3,3H20 Both salts are green 
No sodium-chromi-perchlorate exists. 

Chromic anhydride, Chromic acid CrOg 
This important oxide is best prepared by the de- 
composition of a chromate by sulphuric acid. 
A cold saturated solution of potassium chromate 
IS added to from 1 to IJ parts of concentrated 
sulphuric acid, with constant stirring. On cool- 
ings if the acid used be strong enough, crimson 
crystals of chromic anhydride separate , if neces- 
sary, the solution is evaporated until the crystals 
arc foiraed on cooling The liquid is poured off 
and the crystals drained on porous tiles or 
pressed between porous plates They may he 
reciystallised by dissolving m water and evapo- 
rating to a syrup The excess of sulphuric acid 
may be removed by the cautious addition of 
barium chromate to the solution of the crystals, 
or the crystals may be gently fused, when the 
heavier oxide sinks to the bottom of the vessel 
and the sulphuric acid above slowly evaporates. 
The mother liquors from the chroinio anhydride 
are used for a fresh preparation until the per- 
centage of potassium sulphate becomes excessive, 
they are then precipitated by tlio addition of lead 
acetate with the pioduction of a light-coloured 
‘ chrome yellow ’ contaimng much lead sulphate 
According to Zettnow ( Logg Ann 143,468), 
the largest yield is obtained as follows : 30() 
grams of potassium dichromate are dissolved in 
500 0 c of watei, and 400 c c of strong sulphunc 
acid are added The rhixture is allowed to stand 
foi 10 or 12 hours, the solution decanted fiom 
the deposited crystals of potassium sulphate, and 
heated to 80" or 90" , 150 c c of sulphuric acid 
are then added, followed by siilhcient watci to 
redissolve the chromic aniiydiide at first de- 
posited, and the solution evaporated until the 
oxide commences to (Tystallise The mixture 
is allowed to stand for 12 haul's, decanted from 
the crystals, and evaporated with the production 
of a second and third crop of crystals. The 
crystals are drained, introduced into a crucible, 
mixed thoroughly with 50 c c of nitric acid of 
not less than I 4b sp gr (weaker acid would dis- 
solve the crystals) and drained for some hours 
on a tile The operation is repeated if necessary 
with 25 c 0 of nitric acid The whole of the 
sulphuric acid and sulphate having been thus 
removed, the crystals are heated on a sand-bath 
and the nitric acid evaporated, or they may bo 
heated to 80° m a current of an In this manner, 
Zettnow obtamed from 85 to 90 pc of the 
theoretical yield of pure dry chromic anhydriile 
Duvilliers (Gompt rend 76, 711) prepares 
this oxide by dissolving 100 parts of barium 
chromate in 100 parts of water and 140 parts of 
mtric acid of sp gr 1 38 (40°B.) and heating the 
solution until it becomes rod 200 parts of water 
are then added, and the whole boiled for 10 
minutes ,* cooled, and the barium nitrate allow ed 
to crystallise out The solution is decanted, 
evaporated to the bulk occupied by the original 
amount of acid used, and a further crop of 
crystals of barium nitrate removed The solu- 
tion, which contains only about 1 part of banum 
nitrate for 200 parts of the anhydride, is evapo- 
rated nearly to dryness, a little water added, and 
the evaporation repeated until all the* mtric acid 
is driven off. The anhydride is then crystallised 
out and dried as usual. 
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Barium chromate is digested for some time 
with about half the amount of dilute sulphuric 
acid rcquiied for complete precipitation, with the 
production of chioniio anhydride and barium 
dichromatc and piecipitation of banum sul- 
phate 8ulTicient sulj^hunc acid is then added 
to just precipitate the barium, and the solution, 
which only contains chromic anhydride, is 
decanted from the pieiupitate and the solution 
evaporated (Meissner) According to C Watt‘d, 
the banum chi ornate is best treated with excess 
of stiong nitric acid, the precipitated chromic 
oxide filtcied through asbestos, and the nitric 
acid driven off by heat 

(Ihiomic anhydride is a powerfully acid sub- 
stance crystallising in scarlet rhombic prismatic 
needles of sp gr 2 788 (Zettnow) They melt at 
without decomposition, and the melted 
mass exhibits supercooling ; at higher tempera- 
tuies oxygen is evolved together with red vapours, 
probably CrO^j. 

When heated to 250° they decompose into 
chromium chromate (V03*(Vj0-,(=3Cr02, also 
known as chromium dioxide) with evolution | 
of oxygen Above that temperature, the 1 
whole IS converted into chromium sesquioxide 
The perfectly dry anhydride, when heated to 
120° %n mend, slowly volatilises and condenses 
m rod needles (Arctowski) By the action of 1 
light on a solution of this oxide, oxygen is 
evolved and chromium chromate precipitated 
as a brown powder 

Chromic anhydride is'veiy soluble in water 
100 parts of water, at 20°, dissolve 02 parts 
of the oxide The aqueous solution contains 
( 'rgO 7" ions, with a small proportion of Ci()4" ions 
These ions aie capable of ti ansformation by the 
action of acids or alkalis, as indicated by the 
ecpiations : 

(1) (;r,0','+2IIO':;bJ('iO"-|-H,() 

(2) 20r()"+2H^0r/)';-|-H,() 

Datta & Dhar (J Amcr (Ihem 80c 1910, 
38, 1303), from a study of the molecular solution 
volumes and molecular rcfractivities of chiomic 
acid, potassium chromate and potassium dichro 
mate, conclude that the formula of chromic acid 
IS H2(V207 and not ll2Cr()4. 

It dissolves m acetic acid or ether without de- 
composition , IS almost insoluble in sulphuric acid 
of I 77 sp gr , but dissolves in stronger or weaker 
acid , is insoluble m nitric acid of sp gr 1*46 

Chromic anhydndo is a powerful oxidising , 
agent. Warm anhydrous alcohol inflames when 
dropped upon it, and even dry ammonia gas is ' 
oxidised with production of water and nitrogen 1 
Addition of oxalic acid is said to incieasc its 
oxidising power The solution in water, sul- ! 
phuric acid, or acetic acid, is largely used as an I 
oxidising agent m organic work In most of 
these oxidations, precautions must be taken to ! 
moderate the velocity of the reaction When j 
acetic acid is used as the solvent, the substance 1 
to be oxidised is usually dissolved in the same ' 
solvent and the oxidising solution slowly added, 
the temperature being kept sufflciently low, t e 
seldom above 1 00° Chromic acid, as an oxidising 
agent, has the advantage that the close of the 
reaction is frequently indicated by a pure green 
colour m place of the brownish colour. 

It has the property of producing a per- 
manent yellow colour with silk or wool, but not 


I with cotton. The chromium in such matenal may 
1 bo conveitcd into lead chromate upon the fibre 
j or further dyed by logwood, &c Chromic anhy- 
dride usually contains sulphunc acid and sulphates 
I or nitrates , Moissan found 24 p c. of sulphunc 
j acid in samples of the commercial article. 

Chromates. All chromates are prepared, 
directly or mdiiectly, by the action of oxidising 
I agents upon chrome, iron ore or chromite FeO* 
; CrjOg This important mineral is widely 
i distributed and extensively mined. Large 
' deposits are found in New Caledonia, contaimng 
! sometimes 5 p c of chromium sesquioxide m a 
I form soluble in acid, probably as chrome ochre 
Chromite belongs to the spinel group of 
minerals It is isomorphous with magnetic iron 
ore FeO Fo^O^, and may be considered as that 
substance in which the sesquioxide of iron is 
replaced by sesquioxide of chromium A portion 
of the chromium is usually replaced by alumin- 
ium, and some of the iron by magnesium, though 
this IS sometimes absent The composition of 
chromite vanes extremely , an ore, containing 
50 p c of the sesquioxide, is of very good quality. 
Of seven samples from varying localities analysed 
by Clouet, the chromium sesquioxide present 
averaged 44 p c For analyses v Chromite 
Chromite is black or brownish-black, and 
infusible before the blowpipe It will scratch 
! glass, but is itself scratched by a good steel knife 
I A sclicmo for the analysis of chromite has 
j been given under the estimation of chromium 
The chief use of chromite is as a refractory 
j lining in steel or copper furnaces. Smaller 
I amounts are employed in the manufacture of 
I chrome-steel alloys and of chromium compounds 
I Potassium chromates. Both the normal and 
' acid chromates are of importance in the arts 
I The acid or dichromate, containing the larger 
I proportions of the active constituent CrO^, is 
j generally prepared on the largo scale. 

I A great number of processes have been 
I adopted for the treatment of chiomite for this 
purpose , they all depend upon the oxidation of the 
chromium sesquioxide into chromic anhydride 
The ore is heated to redness and plunged 
into cold water to facilitate the powdering, 
stamped, ground in a mill, and finely sifted 
In former times, the ore was mixed with 
about two-fifths of its weight of potassium 
nitrate and ignited on the bed of a reverberatory 
furnace, the oxygen required for the oxidation 
of the sesquioxide into the anhydride and the 
potassium for its conversion into potassium 
chromate, being both provided by the nitrate 
A great saving was mtroduced by the substitu- 
tion of atmospheric oxygen as the oxidising agent 
in place of the nitre, the potassium being supplied 
by potassium carbonate or, as proposed by Watt, 
by potassium sulphate The latter salt is largely 
used where, as m Russia, the demand for potas- 
sium sulphate is small, and hence this salt, pro- 
duced during the later conversion of the chromate 
to dichromate, is used to replace some of the 
potassium carbonate. The mass, however, was 
very liable to fuse and the heavy particles of 
chromite to sink through the liquid and escape 
the action of the blast This difficulty was 
overcome by Stroraeyer, who introduced lime 
into the mixture, thus rendering the mass porous 
and non-fusible and much increasing the rapidity 
and complifteness of the action. 
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Tilghmann (Patent 1847) makes use of fel- 
spar as the source ol alkali. Por this purpose, 
1 part of chrome ore is mixed with 4 parts of 
felspar and 4 parts of lime or 7 parts of chalk. 
The mixture is heated to bright redness, but not 
to fusion, in a reverberatory furnace for about 
20 hours, with constant stirring. The chromate 
thus produced is removed as described later. 

Tlio ore may also be mixed witli potassium 
chloride, and heated to whiteness with frequent 
Stirling while a current of superheated steam is 
passed over the mass ; the iron is stated to pass 
away almost entirely as chlondo (Swindells, 
Chem. Gazz 1851, 419). 

Jacquclam (Ann. Chim. Phys [3] 21, 478) 
prefers to produce calcium chromate m the 
furnace and to convert it subsequently into the 
required chromate by double decomposition. 
He thus avoids the loss of alkali always ex- 
perioncod in the ordinary process The ore is 
finely fowderedy preferably levigated and diicd 
before use, mixed ultimately with chalk in the 
required proportions, and heated to bright red- 
ness on the bed of a reverberatory furnace for 
9 or 10 hours, with occ.usional stirring (at least 
once an hour). The product is ground m a mill, 
suspended in hot water, and treated with sul- 
phuiic acid until slightly acid , calcium di- 
chromato is thus produced A little chalk is 
stirred mto the solution to pxecipitate the iron 
as oxide, and a solution of potasMum caibonate 
or other salt, according to the chromate ic- 
quired, is added. The calcium is thus precipi- 
tated as carbonate and the dichromatc required 
remairiH m solution The solution may also be 
used directly for the production of chrome 
yellow, &o. 

According to Booth’s method (Pat 1852, 
Dingl poly J 131, 137), the ore is mixed with 
one-fifth of its weight of cliaicoal oi coal and 
Ignited in a icvorboratory furnace like that used 
foi puddling iron, out of contait with the air 
Tile product is thrown into vats, <ind the reduced 
iron chssolvcd out by dilute sulphuiic acid, the 
residue being treated m the usual mannei for 
the production of ( hromates 'Flio weight of oil 
of vitiiol used, amounts to about two- thirds that 
of the oie Xt is stated that the value of the 
ferrous sulphate obtained repays the extra labour 
involved 

Atcherloy (Hoffman’s Ber u Entw. (5hem. 
Ind [1] 725) gives a description of the manu- 
facture of potassium dichromate as usually 
piactised on the large scale, of which the follow- 
ing is an abstract — 

The ore is stamped, ground in a mill, and 
passed through a sieve of 80 meshes to the 
inch. 

Potash lye is prepared by soaking 7 cwts. of 
burned limestone (contaimng but little silica and 
magnesia) in a solution of 2J p c. of potassium 
carbonate free from chloride (which would hinder 
the crystalhsation of the product), dried, ignited, 
and powdered 

It is then mixed with 4^ cwts of the ore, and 
spread in a layer 2 inches deep upon the pre- 
viously heated bed of a reverberatory furnace, 
at the end nearest the fire. The furnace is 
about 9 feet long and 6 feet broad. The heat 
is maintained at bright redness, and the mixture 
turned over every 15 mmutes ; in about 2 hours 
it is graduallv pushed towards the farther end 

VoL. 


of the furnace, and its place supplied by a fresh 
charge. The operation is completed m about 
4 hours, when the mass is groemsh-yollow and 
contains chromates of potassium and calcium, 
lime, potassium silicate, and ferric oxide It is 
biokcn into coarse powder and lixiviated m 
wooden pans, placed steplike one above another, 
with a hot solution of potassium sulphate, which 
converts the calcium chromate mto potassium 
chromate with precipitation of calcium sulphate. 
The liquid is allowed to lun from one vat to 
another, until at last a satuiated solution of 
potassium chromate is produced This is run 
mto a depositing vat lined with lead and tieated 
with suflicient sulphunc acid and water to con- 
vert the normal salt mto the dichromatc, and 
the solution cooled. 

As the solution of normal chromate was 

I saturated and contained about 1 part of salt in 
2 paits of solution, the dichromate solution 
formed is supersaturated, that salt requiring 
nearly five times as much watei for solution as 
the normal chromate , about threo-quaiters of 
the total amount m solution is thus deposited on 
cooling. The crystals are redissolved m sufficient 
water to form a solution of 1*120 sp gr. and 
crystallised m deep non pans at a temperature 
of 2U. 

The production of chromates is said to be 
rendered easier by the addition of oxygen- 
carriers, sucli as manganates or oxides of copper 
or iron (D R P 1038 14). A method de- 
pendent on this, in which ferric oxide obtained 
oy heating pyntes is used, is the following : 
240 parts chiome non ore of 50 p.c , 170 parts 
sodium carbonate, and 150 parts ferric oxide, 
with, if desired, 50 to 80 parts lime, are intimately 
mixed, loastod, and lixiviated. T^he lesidue 
contains all the ougiiial ferric oxide and may bo 
used over again The solutiTO is concentiated 
and treated as usual The action of the feme 
oxide IS regal ded as due to the production of an 
alkaline feinte which becomes converted to the 
chromate and ferric oxide (J Soc. Chera. Ind. 
1895, 805) 

j Chromates are also produced by mixing 
linely divided chrome iron ore with alkaline 
carbonates and i easting m an oxidising atmo- 
sphere in a 1 evolving furnace at a temperature 
sufficient to keep the mass fluid ( National Electro- 
lytic (\) New York , J ISoc Chem Ind. 1908) 

Potassium chromate K^CiO^ is prepaied, as 
already described, fiom chiome oie It may be 
produced by adding potasbium hydroxide to 
a solution of the dichromate It ciystallises 
in anhydrous yellow rhombic prisms isomor- 
phous with those of potassium sulphate, sp gr 
2 71 (Kopp) 100 parts of water dissolve of 
potassium chromate 

at O'^ 30° 60° 105-8° 

54 57 65 13 74 6 88 8 paits, 

105*8° being the boiling-pomt of the saturated 
solution The solution has a fine yellow colour 
of great tmctonal power ; a distinct yellow tinge 
is imparted by 1 part in 400,000 parts of water. 
It IS insoluble in alcohol and ether, and is very 
poisonous, producing a condition resembhng 
diabetes when administered by mouth or sub- 
cutaneously It also produces slow-healing 
sores, especially among workers in chromate 
factories. For these, a sodium bisulphite wash 

B 
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18 efficacious. Such workers should pay atten- 
tion to constant washing of face, nose, and hands, 
and packers aie advised to weai respirators 

When lieatcd, it reddens and fuses without 
decomposition ; heated with reducing agents, 
such as 8ulj)hur, it is reduced to ehiommm 
sesquioxide 'Phe addition of an acid, even 
carbonic acid, determines the decomposition 
into jiotassium dichiomato, as is indicated in 
the previous c(piationH, and it is evident furthei 
that, (‘ven when excess of acid is piescnt, the 
solution still contains Ci ( ions The equations 
also indicate that a solution of potassium chro- 
mate possesses an alkaline reaction 

2 Cr 07 + il.* 

Owing to the much smallei solubility of the 
dichromatc (4*64 paits at 0°), when the chromate 
is crystallised some dichromatc also separates 

It forms double salts with the chromates of 
the alkaline earths and lead 

Potassium chromate is not largely used, the 
dichromatc, on account of its greater riehness 
in ehi'omic acid, being generally pi ef cued. The 
general uses and oxidising jiroperties, howevei, 
dosenbed under potixssmm dichromatc, also 
apply to the normal chromate 

Potassium dichromate, generally known as 
'Bichromate,' or ‘ Bichrome,’ K^Ci^Oj. Tins 
important salt is piejiared m large quantities 
by the methods already dt‘seiibed It may be 
made elec trolytically by the use of a solution of 
potassium hydroxide, a cathode of poious coppei 
oxide, and an anode of feiiochiomc (50 ji c ), 
which has an P M P. of 2 volts feme oxide is 
also foimed and precipitated (Lorenz, Zeitsch 
anoig. Chem 1896, 12, 396) Considerably over 
10,000 tons aie annually produced m Clrcat 
Britain. ^ 

It crystallises in anhydious, tine, icd, squaie 
tables, derived fiom triclmic prisms, of sp gr 
2 692, and ot intensely metallic, bitter taste 
They melt at about 400° (Tilden and Shen- 
stone), and lesohdify on coolmg without change 
At blight redness, decomposition ensues, and 
the normal chromate and chromic sesquioxide 
result Other chiornates of composition, 
1^2^^3010 and K_,Cr4033, appear to exist in 
equilibrium with the solution with certam limits 
of concentiation 

100 parts of water dissolve at 0°, 4 64 paits , 
at 30°, 18*13 parts , at 60°, 45*44 parts and at 
104 8°, 108 2 parts , 104 8° being the boiling- 
point of the saturated solution (Koppel and 
Blurnenthal, I c ) 

Potassium dichromatc is* used in the prepara- 
tion of all chrome pigments , of ‘ discharge ’ foi 
Tuikcy led, &c , foi the production of a laige 
variety of colouis in calico punting and dyeing , 
m the manufactuie of safety matches, &e Jn 
solution with sulphuric ac*id, it is used as a 
bleaching agent for tallow, palm oil, &c ; in 
the oxidation of anthracene to alizarin, and in 
the manufacture of aniline violet and in many 
other orgamc oxidations It is also used for 
tanmng leather {v Leather). 

When mixed with organic substances it is 
reduced on exposure to light ; gelatine under 
such circumstances is rendered insoluble. 
This reaction is taken advantage of in the 
‘ Carbon ’ process of photography. The gela- 
tine IS mixed with a pigment of any colour. 


and the paper carrying this film is sensi- 
tised by floating on a solution of potassium 
dichi ornate On exposure under a negative, the 

gelatine in those jioitions exposed to the light 
becomes insoluble, and letanis the pigment, 
while the portions piotected by the daiker parts 
of the negative are almost unacted upon, and 
may bo dissolved in warm water. In this 
mannei, photogra£)h8 of any desiied colour, and 
of great oeauty and pcimanence, may be pio- 
dueed (bntact of tlie chromated gidatinc with 
the 1 educed silver of an ordinary biomidc print 
has a similar effect, and bromide jiliotographs 
may hence be ( opied by squeezing into contact 
with a sensitiseil pigmented gelatine After a 
few minutes’ contact, the pigmented paper is 
developed like a carbon print The bromide 
has become bleached ana reduced to silver, but 
can be ledeveloped. The insoluble gelatine does 
not absorb watei, but will take oil, which may be 
mixed with any desired pigment, and this foi ms 
the basis of the od and homotl processes (lum, 
mixed with dichromate, is also made insoluble 
by exposure to light, and tins is made use of in 
photogiaphy iii the gum dicliwmate piocess {v 
Photograpiiy). 

Sodium chromates. The normal chromate 
NcijCrO4,10H2O and the dichromate Na2Lr207, 
2H>0 aie piepared by methods coi responding to 
those used for the jiotassium salts Accoidmg to 
Nic. Walberg (llingl poly J 259, 188), they aie 
prepared on the laige scale as follows : 6 parts of 
powdered chrome oio (44 p c (’12^3) aic mixed 
with 3 paits soda ash (92 p c. Na2C03) and 
3 parts of chalk, and heated in chaigcs of 1 ton 
m a it'veibciatoiy furnace for 8 hours The 
mass IS lixiviated to pioduce a solution of 45°B , 
boiled down to 52°B , and allowed to crystallise 
in leaden pans The crystals aie first diied by 
a centiifugal machine, and finally heated to 
30° in a drying cliambei, wheio they ciumble 
to a yellow anhydrous powdei containing about 
96 p e of the noimal chi ornate 

Foi the pi eduction of dichromate, tliese 
ciystals are dissolved to a solution of 40°B and 
treated with suilu lent chamber acid to determine 
tlie convej-sion into the dichromate, the right 
point being found by potassium iodide and starch 
paper Sufficient neutral sodium chromate is 
then added to bring the percentage of (k’O, to 
about 72 5 The liquor is cooled in lead tanks 
to 1°, artificially if necessary, and the sodium 
sulphate crystallised out 'Phe licpioi is dramed 
off, filtered if necessary, and evaporated to diy- 
ness m an iron pot, with constant stirring The 
residue is powdered while still hot If the 
amount of CrOj be allowed to exceed 72 5 p c , 
the pioduct IS damp and cannot be ’Stored 
in wooden casks An analysis of this sub- 
stance bhowcel CrOg, 72 3 , Na,0, 26*20 , SO3, 

1 40 

Ncwci methods of manufacture are the treat- 
ment of the monochromate with ammoma, 
followed by carbonation and deposition of 
sodium bicarbonate , the use of caustic alkali 
in the place of alkali carbonate ; and the 
employment of only half the necessary sodium 
carbonate required to decompose the ore, the 
remamder being replaced by sodium sulphate, 
formed m the later stages of manufacture (Ulm, 
Chem. Zeit. 1914, 38, 670 ; J. Soc. Chem. Ind. 
1914, 33, 9F7). 
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Normal sodium chromate foims line largo 
fflorescent crystals of the composition 

Na,CrO4,10H2O 

iomorphous with Glaub(‘r s^salt Unlike potas- 
ium chromate, it is loss soluble than the | 
lichromato , it is, howiwer, more soluble than ! 
rotcisHium ehiomate, 100 parts of water at 30° j 
lissolvmg 87 30 parts of sodium eliromatc^ ' 

Other hydiates with 6 and 4 mols of Hj,0 ! 
tre known. Then’ tiansition temperatures have i 
)cen suggested as (onvenient fixed points m 
hermometiy (Richards & Kelley, J Amei i 
Jhem Soc 1911,33,847 ) j 

Sodium dichromate Na/Jr^07,21U0 crystal- i 
ises m thin, six-sided pi isms with bevelled ' 
jdges of a fine hyaeinth-ied coloui, and is veiy 
lolublo m water, 100 parts of watei at 30° dis 
lolvmg 197 0 parts of tfie salt It is hence moie 
;han 10 times as soluble as potassium diclii ornate 
vhich frequently makes its use pieferable to 
:)hat of the potassium salt 

Ammonium chromate and dichromate aio 
prepared by mixing m proper piopoitions solu- 
tions of ammonia and of cliiomic acid The di- 
Dhromate, on heating, yields nitrogen, water, and 
chromic oxide, and foims a convenient method 
for the propaiation of nitiogen fieo from argon 
Lead chromates, l^he neutral lead ehonuite 
PbCi()4 is best produced by the action of 
a solution of lead acetate on a solution of a 
chromate Thus produced, it is of a fine lemon- 
yellow colour, insoluble m watei and dilute acids 
When heated at 250°, it becomes leddish- , 
blown, at a highei temperature it fuses, and | 
finally evolves oxygen with the formation of j 
chromic sesquioxide and a btxsic lead chromate j 
On account of this evolution of oxygen on heat- , 
mg, this substance is frequently used in oiganu | 
^inalysis. ' 

Lead chromate is soluble m cold lime water | 
or caustic alkali, but is unattacked by hot lime ! 
water For this leason, in iinmei'suig calico ' 
coloured with chrome yellow in lime water, for 
the production of an orange colon?, care should 
be taken that the .solution is hot 

When heated with ( austic alkali, a portion of 
the chromic oxide is lemoved, with the pio- 
duction of a basic lead chromate of colour 
varying from oiange to vermilion 

The nonnal chromate is largely used as a 
pigment, and for calico printing, and is the 
essential constituent of various chiome pig- 
ments as Chrome ijdloWy Farm yellow, Leipsic 
yellow The name Cologne yellow was originallv 
given to chrome yellow containing a mixture of 
lead chromate and lead sulphate, but the lattei 
compound is usually present in pale yellows 
known commercially as ‘ puie ’ clirome yellows 
Chrome yellows. Tlic finest chrome yellow 
is produced by precipitation , the lead acetate 
used should not be basic, or the pioduct will be 
of an orange colour ; the solution should be 
dilute, and the lead salt should be in excess , the 
presence of excess of chromate is liable to ‘ turn ’ 
the yellow — i e to produce an orange tinge 
The substances used should be comparatively 
pure. 

For the lighter yellows, the solution of 
chromate is mixed with an appropiiato quantity 
of sulphuric acid, Glauber’s salts or alum 
(Amencan chrome yellow), before precipitation ; 


the latter yields good colours but considerable 
care is lequired in the piecipitation ’VIk' lead 
chromate is thus precipitatecf, togethei with any 
desired amount of sulphate, and the coloui 
coi J os pondingly lowered For cheapei chiomes, 
the colour IS toned down by the admixture of 
kaolin, baiytoi, gypsum or wJiitmg, tiic finely 
powdered solid being ground with water and 
well mixed with water in the tank into which 
the precipitating hquiiis are lun {vide tnjia) 
Boutliron Chatard gives the composition of 
ordinary Cologne yellow as CaS04, CO p e , 
PbS04, 15 p c , FbCr04, 25 p c. 

Biot and Uelisse hrst precipitate lead sul- 
phate from a solution of the acetate, and digest 
3 parts of the washed piecipitate with 1 part 
of normal potassium chromate dissolved in hot 
! water The chromate is thus wholly conveited 
i into chrome yellow, mixed oi perhaps combined 
I with the lead sulphate, and a ‘ Cologne yellow ’ 

I of good colour is pioduted The colour ls said 
j to be cipial to that obtained when double the 
; quantity of chromate has been used Its cover- 
I mg power is, however, stated to be mferioi to 
I that of the piecipitated yellow 
1 Milbauer & Kohn (Zcitsch. physikal Chem 
! 1916, 91, 410) show that the leaction Pbt804 
I -i-K^SO^'^PbCiO^ kK^SO^ proceeds piacti- 
eally completely in the diiection of left to right 
From determination of the stability it is shown 
that the solid phase I*b804 cannot exist in the 
piesence of KjCi04K^S04,PbCi04, and that 
the existence of double salts is unlikely The 
general lesiilts show that the manufactuie of 
chiome yellows can be learned out from lead 
sulphate and that vaiious shades can be obtained 
by vaiying conditions, temperature, concen- 
tiation and time It follows also that an excess 
of lead acetate should be used in the manufai turc 
since this will secure the absence of K2Cr04 which 
would otherwise rapidly conveit the lead sul- 
phate necessary for the particular shade mto 
chromate 

Liebig uses for this purpose the lead sulphate 
obtained in dye woiks, &c , as a by-product 
The pigment, on account of the basic chaiacter 
of the sulphate, is of an oiange colour 

Anthon substitut(‘s lead chloride for sul- 
phate, ti eating 100 paits of freshly precipitated 
chloride with 27 paits of diehromate. 

The method usually adopted for production 
of chiome yellow is the following The two 
prccipitatmg solutions are placed separately 
j in wooden tanks, and heatecl by steam pipes 
I The solutions are cither filtered or allowed to 
settle m the tanks and drawn off from above, 
'riiey are run together into the precipitating 
tank, which contains about 200 gallons The 
chrome yellow is allowed to settle and the clear 
liquid clrawn off , more water is added, the 
whole thoroughly stirred and the process is 
repeated three or four times The pigment is 
then put in a hlter press and dried at as low a 
temperature as possible 

According to the Textile Colourist, the pre- 
paration of chrome yellow is as follows • For 
the preparation of the lead acetate, four wooden 
tubs, 3 feet in diameter and IJ feet high, are 
arranged one above another, so that the liquid 
may pass downwards from one to the other. 
They are filled with granulated lead, and strong 
wood vinegar poured on the uppermost ; after 



244 


CHKOMIUM 


romaining there for a few minutes, it is run into 
the second, third, and fourth foi an equal time. 
The surface of the lead is thus thoroughly acted 
upon, and becomes heated and oxidised by the 
air. The vinegar is then passed through a 
second tune, remaining in each tub for an hour , 
on leaving the fourth tub, a saturated solution of 
acetate is produced. 

Bichrome is dissolved m 10 or 12 parts of 
water m steam-cased copper pans, and sufficient 
acetate added to just precipitate the chromate 
completely. The precipitate is settled, washed 
by decantation, filtered, and dried slowly on 
boards The filtration should bo performed as 
rapidly as possible, because the pigment swells 
considerably while drying, and this should take 
place on the boards 

lly mixing some lead chromate with the 
lead acetate solution, a daik lemon colour is 
produced, and by the addition of caustic potash 
to the precipitate, a much redder pigment may 
bo obtained 

The chrome yellows, by mixture with 
Prussian blue, form greens known as ‘ llrunswick 
greens ’ and also as ‘ chrome greens ’ (not the 
true cJtrome green ^ vide, supra) These are 
valuable and cheap pigments, but not as stable 
as the corresponding zinc greens (vide infra) 

By removal of some of the acid from normal 
lead chromate, a haste lead chi ornate of a deep 
red colour is obtained, PbO PbCi04, which is 
the base of a number of chrome reds. Between 
tlieso and the various yellows a largo number of 
shadas of dnonie oiange may bo obtained The 
chrome reds are Imowii by a vaiiety of names, 
p g A listnan cinnabar^ Persian re-dy C hine.^e redy 
Victoria redy Derby redy American vcrmilioiiy &c 

The pigment is usually picparcd by boiling 
chiome yellow with caustic alkali or by boiling 
togctliei the lead salt, potassium thchromate, 
and an alkali One sucli method is — 20 parts of 
white lead are mixed into a lino p<iste with 
water, 10 paits of potassium dichromate and H 
of caustic soda, arc dissolved in a little water, 
added, and the whole boiled until the desired 
colour IS obtained It is then washed and 
diiea 

Runge mixes 45 paits of litharge, 0 parts of 
salt, and 50 parts of water , the mass becomes 
white, and swells considerably , more water is 
<iflde(l to pi event it fiom hardening Jn thiee 
or four days, the whole lias been eonverk'd into 
lead oxychloride , a solution of 15 parts of po- 
tassium dichromate is then poured on, and the 
mass well stirred and waslied A coi responding 
piocess is used with carbonate of lead, the colour 
produced being prefeiable to that when chloride, 
sulphate, or oxide of lead aie used 

For the production of a hne ‘ Persian red,’ 
Piinvolt digests 25 paits of lead carbonate in a 
cold solution of 10 paits of potassium chromate 
for 2 days. A red crystalline precipitate of basic 
lead chromate is thus produced, while potassium 
bicarbonate remains m solution The raixtuie 
18 boiled for half an hour, whereby a portion of 
the red precipitate becomes decomposed, with 
the formation of normal lead chromate and of 
potassium chromate, turmng a violet-red colour. 
This IS filtered off, washed, and digested with 
one part of sulphuric acid dissolved in 100 parts 
of water, with the production of ‘ Persian red.’ 

For the production of a fine vermilion pig- 


ment, Liebig and Wohler’s method may be used 
A mixture of equal parts of potassium and 
sodium nitrates is just heated to fusion, and 
chrome yellow, m small fragments, is dropped 
in , ebullition takes place, and the mass becomes 
black The heating should bo continued until 
ebullition ceases. The chrome yellow has thus 
become convcited into basic lead chromate 
and potassium chromate. If the tempeiaturo 
used be too high, the product becomes brown 
and IS spoiled. The supernatant yellow liquid 
18 poured from the heavy basic lead salt, which 
18 then well washed in water. The washings 
should bo poured off as quickly as possible, or 
the action is liable to be reversed and the normal 
chromate reproduced m part, with a correspond- 
ing reduction of colour. 

The colour of the varieties of chrome red is 
duo prmcipally to the size of the crystals, those 
pigments of which the crystals are largest being 
of the most intense colour. 

For the production of chrome orangey the 
chrome yellow is boiled with lime or alkah (m 
smaller quantity than that used for production 
of chrome red), until the shade required results. 
The cheaper chrome orange pigments, as m the 
case of the yellows, contain admixed kaolin, 
gyjisum,’ &c 

The lead chromates all possess good covermg 
power and biightiiess of colour ; they are 
dm able, but blacken under the action of 
sulphuretted hydrogen. They mix well witli 
othei pigments, but should not be used with 
sulphides 

Calcium chromate (.'aCr()4,4H20 is largely 
produced m the manufacture of chiomates from 
chrome non ore It is soluble in water and 
alcohol it becomes anhydious at 200®, and is 
then almost insoluble in water 

Barium chromate BaFr04 is a canary-yel- 
low powder, known as Yellow nliramaiine or 
Lemon yellow It is produced by the addition of 
a chromate to a solution of a salt of baiium. 

Banum clu ornate is insoluble in water and 
acetic acid, soluble in hydrochloric and nitric 
ticids On tieatment with a boiling solution of 
chromium anhydiide, it dissolves, and ciystal- 
hses on cooling <us a yellowish-ied powder, con- 
sisting of the dichi ornate BaCr307,2H^0. 

Both barium and ealcmni (hroinates have 
been employed as pigments, but are now little 
used on account of their lack of brightness and 
covering power 

Bismuth chromates. The addition of potas- 
sium dicliromate to a neutral solution of bismuth 
nitiato gives a yellow flocculent precipitate, 
3Bi203 2(Jr03, soluble m acids (Lowe) On 
heating, it becomes partly decomposed and turns 
greenish. From an acid solution of bismuth 
nitrate, the precipitate formed consists of 
Bi40,*2Cr03 (Lowe , Muir), and ls quite in- 
soluble in water. Bismuth chromate is used as 
a pigment and in calico printmg 

Zinc chromate, Zinc yellow, or Buttercup 
yellow ZnCr04, is a beautiful, stable, yellow 
pigment, produced by the addition of hot neutral 
solution of zinc sulphate to potassium chromate, 
or by adding a cream of zinc oxide m water to a 
boiJmg solution of potassium dichromate. 

Zme chromate can be obtained m various 
tints and has a good colour. Though not equal 
to chrome yeJknv in covering power or body, it 
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has the advantage of not blackening by ex- 
posure to sulphides. It is largely used for 
mixing with Prussian blue to form the zinc 
greens, which are more stable and faster to light 
than the corresponding chrome greens. 

Perchromic acid. On adding hydrogen 
peroxide to an aqueous solution of chromic acid, 
or to an aqueous solution of a chromate acidified 
with sulphuric acid, a deep blue colouration is 
produced, which on shaking the solution with 
ether passes into that liquid. The colour of this 
substance is so intense that it constitutes a 
delicate test for both chromic acid and hydrogen 
peroxide, ft is extremely unstable, evolves 
oxygen, and is gradually transformed into 
chromium trioxide. It has been legarded as 
0r2O7*a;H2O (Harreswil), (!r0(,.3H20 (Fairley), 
Cr03,H202 (Moissan), and 2H0rO4,H,O2 (Ber- 
thelot) By adding pyridine, quinoline, and 
other organic bases to the ethereal solution of 
the blue compound, Wiede obtained salts of 
an acid he regarded as HCrOg He also obtained 
blue salts (NH4)Ci06,H202 and KOrO^,H202 
According to Riescnfeld (Bor 1905, 38, 4068 , 
1908, 41, 2826, 1911, 44, 147), these salts are 
acid salts of perchromic acid HjCiOs, fho typo 
MHgCrO^, corresponding with the red per- 
chromates. Pure peiehromic acid H3Cr()g,2H20 
may be obtained by the interaction of chromic 
trioxide and 97 p c hydrogen peroxide m 
methyl ether solution at —30'^ . 

2(M)3-f7H20.--2H3Ci03-}-4HzO 

After the reaction is complete, the blue solution 
is poured off, dried with phosphoric oxide, and 
evaporated in va( iia at --30® It forms a dark 
blue crystalline mass, which decomposes at 
above —.30". The water is regarded as water 
of constitution, since the blue colour is only 
produced in presence of water The red per- 
chromates are considered as the anhydro salts 
of the blue perchromic acid (Riosenfeld and 
Mail, Bor. 1914, 47, 548) 

Psiers of chromic acid have been prepared 
by Wienliaus (Ber 1914, 47, 332) by shaking a 
tertiary alcohol, dissolved in light petroleum 
or carbon ti'tiachlondo with an excess of soliU 
chromium trioxide. 'fhe ester remains dis- 
solved or suspended in the solvent, from which 
it can b(5 obtained liy evaporation 

CnnoMAMMONIUM CoMroUNDS and 
Derivativ ks 

Salts of chromium readily combine with 
ammonia or substituted ammonias, to form 
complex compounds in which the chromium 
atom may be combined with six molecules 
of ammonia, as, for example, in hexamino 
chromium chloride [Cr(NH3)8]Cl3. According 
to Werner’s theory, the chlorine of this com- 
pound IS united by primary valencies, whereas 
the ammonia is co-ordinated with the chromium 
atom by supplementary valencies (Ber 40, 20) 
The ammonia may be substituted by acid 
groups, the valency and character of the com- 
plex radical being determined by the acid and 
basic radicals in the molecule, as will be evident 
from the following description of some of the 
simpler compounds. 

Hexamine chromium salts (luteo salts), eg. 
the nitrate [Cr(NH3)g](N03)3, are prepared by 
treating the corresponding purpii|;eo salts with 
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ammonia in cold concentrated solution (Jorgen- 
sen, J. pr. Chem. 23, 229 ; Mills, Phil. Mag. 
[4] 35, 245). 

Pentamine chromium salts (purpureo salts) 
Jorgensen (J. pr Chem 2, 20, 105) prepared 
the chloride fCrCl(NH3)5]Cl2 by reducing violet 
chromic chloride in a stream of pure dry hydro- 

f en at a red heat, and adding to it a solution of 
IH401 m strong ammonia Air was passed 
through, HCl added, and the mixture boiled, 
when a carmine colouied powder is precipitated. 
It crystallises in octahedra, sp gr 1 *687, dis- 
solves in 154 parts of water at 16". Representing 
the compound Cl20r2(NH3)ioCl4, Jorgensen 
found that only 4 atoms of chlorine arc precipi- 
tated by silver nitrate, which confirms Werner’s 
formula above given. 

Triamine chromium salts. TImse compounds 
have been investigated by Werner (Ber 1910, 
43, 2286), who uses triamme chromium tetroxide 
in their preparation To a well-cooled solution 
of 30 grams of chromic acid in 300 c c of water 
are added 300 c c of pyridine After remaining 
half an hour in a freezing mixture, 750 c c 
3 pc H2O2 are added The precipitated 
pviidmc perchromate is collected, washed, and 
added to 90 c c of well-cooled 25 p c ammonia 
The precipitated tnainine chromium tetroxide 
IS collected after 10 minutes and washed with 
water, alcohol, and ether 

Trichlorotriamine chromium [(NH 3)30^(33] 

results when tiiamine chromium tcti oxide is 
added to cold concentrated liydiochlonc acid 
A bluish-grey precipitate Is formed, and the 
filtiate from this do])osits the compound after 
standing two days, in dark blue crystals witli a 
greemsli tinge 39ie tiiaquo derivative 
[Cr(OH>)3(NH3)3]Cl3 

IS obtained by treating one gram of the diehloro- 
aquotriamino chromium cliloride (contained 
in the grey precipitate above mentioned) with 
8 c e of water covered with 5 c c of pyridine 
The resulting solution is filtered, and the 
hydroxoiodide precipitated by the adcbtion of 
solid potassium iodide The chloride is obtained 
from this by triturating with hydrochloric 
acid It forms brownish-red hygroscopic crys- 
tals Tlio corresponding bromine compounds 
have b^’en prepared 

The diamine chromium compounds were 
among the earliest known of these complexes 
Morland (Chem Soc Trans 13, 252) obtained 
a compound by the action of KgCrgO, on fused 
KONS, which was subsequently examined by 
Reinecke (Annalen, 126, 113) and by Norden- 
skjold (Zeitsch anorg Chem 1, 126), who 
prepared it by heating NH4CNS to incipient 
fusion and dropping in one-third of its weight 
of (NH4)2Cr207. The compound 
[Cr(Nn3)2(SCN)4]NH4 

IS known as Reinecko’s salt, and according to 
Werner is the ammonium salt of tetrathiocyano- 
diamme chromite, the complex molecule having 
an acidcharacter and being mono- valent It forms 
small red crystals fairly stable towards acids 
The potassium salt is obtained by adding KCl 
to its solution, and the acid [Cr(NH3)2(SCN)4]H 
by decomposing the barium salt with sulphunc 
acid. It commences to decompose at 80". 
Werner and Klein (Ber. 35, 277), by oxidation 
of * Reinecke’s salt * with bromine, completely 
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eliminated the four thiocyano groups with the 
formation of dibromodiaquodiamino chromic 
bromide f (N H3)^( JrBr^( HgO) 2 J Hr. 

The last member of the senes m which all 
the ammonia groups are replaced by acid 
radicals may be represented by the salt 
[Cr(0Ng)]K3 potassium (hromeyanide or hexa- 
eyanochromit-c‘ It is obtained in light yellow 
monoclinic crystals by adding a solution of 
chromic acetate to a boding solution of potassium 
cyanide C S B 

CHROMOCYANINES v Oxazijie ronouRiNO 

MATTERS. 

CHROMOFORM, Trade name for an orange- 
red crystalline powder formed by the union of 
dichromic acid and hexamethylcnetetiamme 
(OgH ,^N40Hd^( VjO, Slightly soluble in alco- 
hol and cold water, readdy soluble in hot 
wat(‘r The aqueous solution on boding, or 
by treatment with acids 01 alkalis, evolves 
formaldehyde 

CHROMOGEN AND CHROMOPHORE ?. 

(k^LOUR AND (^HKMTf'AL ( klNSTITlJTlON 

CHROMOMETERS v (kn.oRjMETER^ 

CHROMONE. (Colouring matters deiived 
from ehromone or phimo y-pyiom (1), the 
analogue of eournann (2) 


( 1 ) 





or phono a-pyrono, have not as yet been found 
in nature, though an hydroxy*^ ehromone (1) 
analogous to daphnetin (2) wdl no doubt jiossess 
dyeing properties and yield <v yellow shade on 
aluminium moidant 


OH 


OH 


( 1 ) 


/ \0H 

!i 


OH 




HO 


\oo 

1 


Cliromone is specially interesting owing to the 
isolation of the 3 hydroxy-chromunol 


liO/\/ \0H 

J If 

oh 


by Schall and Jlialle (Ber 1881, 21, 3001)) as 
one of the pioducts of the alkaline oxidation 
of bra/.ilem Ben/o 7-pyTone deiivativcs weie 
first synthesised by v Kostaneeki (Bei. 1900, 
1998), but the synthesis of ehromone itself is 
duo to Ruhemann and Stapleton ((diem, 80c 
Trans 1900, 1179) When pheiioxyfumanc 

acid (1) IS tieated with sidphiiiic acid benzo 
y-pyione earboxyiic and is jirocluccd (2) 


^ — OOOH 

II 

HO CO—OH 

( 1 ) 


^011 ^C— OOOH 

( 2 ) 


and this when heated in a vacuum yields benzo 
7-pyrone : 


OeHg 


^ ^CH 

II 


It crystallises m colourless needles, m p 59°, 


and its yellow solution in cold sulphunc acid 
possesses a blue fluoresecnce A. 0. P 

CHROMOTROPE or CHROMOTROPIC ACID, 

1 8-Dihydrox3maphthalene-3 O-Disulphonic acid. 

CHRYSANILINE. JJiarmdophenylacridine 
CjsHjgNg, IS obtained as a by-product in the 
manufaeturo of rosanilme by the arsenic acid 
method, and was isolated by Nicholson (l)ingl. 
poly. J 108, 133) by treating the residue with 
steam, whereby chrysaniline passes into solution 
and can be precipitated therefrom by addition 
of nitiic acid It was further examined by 
Hofmann (Ber. 18()9, 378), who prepared its 
methyl-, ethyl-, and phenyl- derivatives, and 
showed that it possessed th(‘ empinial formula 
P^joHj-N, Its composition and constitution 
W(‘rc hrst established by Fischer and Kdrner 
(Ber 1884, 203, Annalen, 220, 175), who 
sliowed that a second lower homologiic of 
composition (^^.,11, gNj was present (compare also 
Ansebut/, Bei 1884, 433), and who rider its 
formation m the rosanilme melt to a condensa- 
tion and subsequent oxidation of orthotcduidmc 
and aniline', sime they have efli'ctcd its synthesis 
by heating witli ai.senic acid at lS0°-200° the 
orthodipaiatiiannnotnph('nylincthane obtained 
by Ri'nouf (Ber 1883, 1304) by the action of 
dehydiating agents on a mixture of orthonitro- 
benzaldehyde and aniline (i; also Ostrogovich 
and Silbeiinann, Uhem Zontr 1907, 1 1195) 
The cominiTcial product is a mixture of the 
two deiivativi's, and m the foim of the nitrates 

01 hydiochloiides appears on the market as 
phosphine 

l*ropvrti (‘^ — Cdirysaniline ciystalbsc’s with 

2 mols of H,() from 50 pc alcohol in golden- 
yellow needles, and from benzene with I mol 
of benzene of crystallLsation in goldt'ii-ycllow 
scales , the lattcu melt, when j)l<i.ccd in a bath 
hc'ated at IStF-KiO®, but when slowly heated 
lose the associatc'd benzene, and melt, like the 
fonnei, at 2b7'’-270° It is insoluble in water, 
and spaiingly soluble m alcohol On oxidation 
with chromic acid, it yields aendme and 
when diazotisc'd and boiled with altc^hc)! is 
conveited into ])hcnylacridine (m p 104°). 
Tetrazo- compounds have been prepared, but 
then couple products with amines, phenols, &c , 
are not as good dyes as those obtained from 
chrysaniline and its salts (Trillat and de Kac‘z- 
kowski, (Vimpt lend 114,1024) Formaldehyde 
reacts with tlirysaniline, yielding an orange 

j dyestiitl similar to chrysaniline in its tinctorial 
propel ties (T and de R Oompt remd 110, 
1382) CJn ysophenol l'ioHi4N20, a yellow dye, 
IS obtained when it is heated at 100°- 180° 
with concentrated hydrochloric acid, and 
crystalliKCH fiom dilute alcohol with 2 mols. of 
H^O m rubv-ied needles Chiysanilme forms 

j two scries of salts ; of those, the sparingly 
soluble mtiato is the most characteristic : it 
crystallises m ruby-red needles, and is employed 
under various names as a valuable golden-yellow 
dvc for silk,' wool, and leather {v Acridine 
DYESTUFFS) 

CHRYSANTHEMIN v Anthocyanins. 
CHRYSAROBIN (B.P , USP) is a yellow 
crystalline mixture of substancas obtained from 
Amroba or Ooa pm'der The latter vanas m 
colour from primrose-yellow to bronze and 
purple, and collects, possibly as the result of 
oxiclation of ^the rasin in the cavities of the 
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sterna and branches of Andira Araroha (Aguiar) 
(N.O Lp(/uminscB)f a tree inhabiting the forests 
of Bahia (Aguiar, Pharm. J [iii.] 10, 42 ; cf 
Greenish, tbtd [m ] 10, 814) The drug was 
formerly exported by the Portuguese to Goa, 
but its origin for a long time remained secret 
Goa powder is usually mixed with woody frag- 
ments from which it is freed by sifting , it is 
sometimes termed crude chrysarobin After 
extraction of Goa powder with organic solvents 
(benzene, chloroform) there is left behind on 
evaporation a yellow crystalline powder, intro- 
duced in 1875 by a Bombay firm under the 
name Chnjsarohin, which has since been included 
under this name in the British and United States 
Pharmacopoeias, and is used in skin affections. 

Attheld (Pharm J 1875, {3] 5, 721) obtained 
chrysarobin in a yield of 80-8 i p c of tlie crude 
drug, using benzene Tutin and (fiewer (Ghem 
8oc. Trans 1912, 101, 290), by successive 
exhaustion with light petroleum, ether, chloro- 
form, ethyl acetate, and alcohol extracted only 
57 5 p c The residue consists of woody fibre, 
inorganic and resinous constituents, a little 
sugar, &c. 

Chrysarobin was originally thought to be a 
pure, or nearly pure, substance , in reality it 
IS a complex mixture, consisting chiefly of 
reduced di- and tiihydroxymethylanthraquin- 
ones, which crystallise together and are difficult 
to separate by purely physu’al means Later 
the name chrysarobin was applied to one of the 
pure constituents, liut it is better to reset ve 
this name for the conjinercial mixture Tutin 
and Clewcr found the following peicenlagc 
composition for three samples of commeicial 
chrysarobin . — 

1 Ohrysophanic acid 1 

(— chrysophanol) ^ > 0 3 7*2 8 9 

2. Emodin monomcthylether G 
3 Emodm . . trace nil ml 

4. Crude anthranol of chryso- 

phanic acid . 2() 40 02 

5. Anthranol of emodin inono- 

mcthyl ether . . small amounts 

0 Monornetliyl ether of de- 

hydroomodinanthianol 411 13-1 177 

7. Ararobinol . .4 2 4 1 ml 

8. rnseparablo mixture of 

partly amorphous sub- 
stances . 23 30 12 


The first three of these substances are 
anthraqumono derivatives (for their properties 
and constitution, see Rhubarb) Nos 4 and 5 
result from Nos. 1 and 2 respectively, by reduc- 
tion , they are derivatives of anthranol (9- 
hydroxyanthracene). No. (i is a less strongly 
reduced anthraqumone. No. 7, of unknown 
constitution, is also an anthraqumone derivative, 
related to No 1 

Ghrijsophamc acid anthranol has 

the constitution 


.COH. 

CeH3(OH)<; I >C«HA0H)CH3 


and was called chrysarobin by Jowett and 
Potter (Ohein 8oc Trans 1902, 81, 1578). It 
is obtained from commercial chrysarobin by 
extraction with light petroleum ; by shaking 
‘ About 3 or 4 parts of the former to 1 the latter. 


its chloroform solution with sodium carbonate 
traces of emodin are removed, and after 
evaporation of the chloroform the residue is 
crystallised from much ethyl acetate, when it 
forms lemon-yellow scales, m.p 202° (corr ) 
(regenerated from its acetyl denvative the 
substance melts at 204°) It is insoluble in 
sodium carbonate, soluble in caustic alkalis to 
a yellow solution, which becomes red by passing 
air through it, whereby it is oxidised to chrjso- 
phanic acid The change is complete in 2 
hours, as shown by measurement of the oxygen 
absorbed (Tutin and Olcwer) I’ho reverse 
change is bi ought about by hydriodic acid at 
130°-140° Ohrysophanic at id anthranol dis- 
solves in sulphuric acid v/ith a yellow colour ; 
it foims a diacetyl compound (^sUioGiAe^, 
m p 193°, and a triacetyl compound ('jgHgO^Acg, 
m ]) 238° 

The anthranol of nnodin monowethyl (thci 
was not isoLited by 'rutin ami Olewer as such, 
but its presence was inferred from aerial oxida- 
tion experiments, which converted it into emodin 
monomethyl ether 

Th(‘ mono nil Ihijl ither of (1rhydroc7nodin- 
antJnanol is characteiistic of chrysa- 

lobin Accoiding to Edt'r {v mfra)^ its con 
slitution IS most luobably 



I Tutin and Clewcr conveited it by boiling 
hydi iodic acid into emodin anthianol, a sub- 
stance containing a methyl group less and 2 
hydrogen atoms moi e , by oxidation with chromic 
acid they converted it into emodin methyl 
ether 

Of the substances l-b chrysophamc acid had 
also been found by Attfield, its anthranol by 
Jowett and Potter, and emodin monomethylother 
by Oeatorle and Johann (Arch Pharm 1910, 
248, 47G), but this was the full extent of the 
agreement among the various investigators of 
chrysarobin until Eder (Arch. Pharm 1915, 
253, 1 ; 1916, 254, 1) confirmed all the principal 
results of Tutin and Glower Ho oxidised the 
commercial substance with air in alkaline solu- 
tion, and considers that hydrogen peroxide is 
formed m this reaction, and is responsible for 
further changes. He thus obtained the following 
percentages . emodin 0 2, emodin methylether 
9 3, chrysophamc acid 22 7, dehydro-emodm 
anthranol mono methyl ether 18 (— chrysarobol 
of Hesse ?), amorphous products 26 It should 
be remembered that most of the chrysophamc 
acid and some of the emodin methyl ether were 
originally present as anthranols. In his second 
paper, Edor acetylated and benzoylatcd chrysa- 
robin and obtained by subsequent hydrolysis 
up to 14 p c. of chrysophamc acid anthranol, 

: up to 9 p c. of ernodm anthranol monomethyl 
1 ether, and up to 4 p c of emodin monomethyl 
, ether, but no chrysoplianic acid The chief 
discrepancy is that Eder did not find the last 
of Tutin and Glewer’s substances, ararobinoL 
This, according to the latter authors, has the 
composition^GagHigOg, and forms yellow crys- 
tals, decom^sing without melting at about 
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225°. It dissolves in alkali with a yellow 
colour, but, like the methyl ether of denydro- 
emodin anthranol, and unlike chrysophamc acid 
anthranol, it is not readily oxidised by air. 
It cives a delicate and characteristic reaction 
with sulphuric acid , a mere trace forms an 
orange solution, which on gentle agitation gives 
intense blue streaks , the solution then becomes 
green, and finally dull grey, Ararobinol gives a 
triacetyl derivative (decorap at 225°), is reduced 
by hydriodic acid to dehydroararobmol, and 
oxidised by chromic acid to chrysophamc acid, 
but not quantitatively. 

With the exception of chrysophamc acid 
anthranol, Tutin and Clewer could hnd none of 
the substances described by Jowett and Potter 
They had access to the latter’s specimens of 
‘ dichrysarobm ’ and its ‘ mcihylether ; ’ the 
former they separated into substance 4, and 
emodm anthranol, the latter into the substances 
4 and 5. A mixture of the latter substances is 
similar in composition and melting-point to 
‘ dichrysarobm methyl ether,’ which illustrates 
the difficulty of separating the constituents of 
chrysarobm by mere crystallisation 

Chrysarobm is occasionally employed intern- 
ally as a purgative L^‘ger (J. Pharm Chim 
1912, [vii J 5, .588) has suggested that for this 
purpose chrysarobm shouhl bo substituted for 
chrysophamc acid, since they both have the 
same purgative oflect, and the latter is difficult 
to obtain m a state of purity. Probably the 
chief constituent of chrysarobm, chrysophamc 
acid anthranol, does not exert a purgative action 
until it has been oxidised m the alimentary 
canal (to chrysophamc acid), as is the case with 
aloTn (Meyer and (jottlieb, Experimentelle 
Pharmacologic, Berlin and Vienna, 1914, 198) 
The chief use of chrysarobm is, however, as 
an ointment m skm diseases (psoriasis), and the 
active constituent appeal's to be the anthranol 
of chrysophamc acid According to Unna’s 
experiments (Baudisch, Bcr 1910, 49, 179), the 
only active synthetic substitutes are th(‘ anthra- 
nols of 1 -hydroxy and of 1 8-dihydioxy anthra- 
qumone The latter, agnolin 



IS more active m psoriasis than the anthranol of 
chrysophamc acid (chrysaiobm), because it has 
not the dystherapeiitic mctliyl gioup 

Baudisch explains the ciTect of the 1 8- 
hydroxyls in accordance with Pfeiffer’s views by 
the formula 

H H 

/ 

0 0 o 



Various other substitutes have been sug- 
gested, e g. acetyl chry.sarobt7i (Knoll & (’o 
D. R. P. 105871 ; Chem Zentr. 1900, i 524), 
‘ lenirobin ’ ; eurohin is said to be tnacetyl- 
chrysophanic acid (?) 

‘ Derrnol ’ is prepared by precipitatmg a 
bismuth nitrate solution by a solution of 


chrysophamc acid in sodium hydroxide. * An- 
thrardbin * is the anthranol of alizann. 

The different methods of extraction cause 
considerable vanation m the composition of 
commercial chrysarobm and of its physiological 
action (Pharm J 191 1, [iv ] 87, 630) Hence, 
Tutm and Clewer consider it fallacious to ask 
for compliance with exact requirements as 
to solubility, etc (The U S P states that 
I . gram of chrysarobm dissolves m 385 c c of 
alcohol, 12 5 c c. of chloroform, IG c c. of ether, 
30 c c of benzene, and 180 c c. of carbon disul- 
phide at 25° ) Pure chrysarobm dissolves in 
concentrated sulphuric acid with a yellow 
colour, and is insoluble in dilute sodium hydr- 
oxide ; concentrated sodium hydroxide dissolves 
it with a green colour (’hrysophamc acid, on 
the other hand, yields a red solution with con- 
centrated Bulpliuric acid and dilute sodium 
hydroxide (Liebermann and Seidler, Ber 11, 
1603) Another method to distinguish chrysa- 
robm from chrysophamc acid is to mix 0 05 gram 
with 0 2-0 3 gram sodium peroxide m a porcelain 
capsule, add 5 c c of alcohol, and after 6 minutes 
15 c e of water Chrysaiobm yields a wme-lees 
colour, not destroyed by dilution with water, 
changing to yellow on the addition of acetic 
; acid (’hrysojiliamc acid yields a cherry-rcd 
colour, becoming blighter on dilution (Alvarez, 
Ann (ffiim anal 1907, 9) G. B. 

CHRYSATROPIC ACID v Lactones 

CHRYSAZIN V Alizarin and allied 

COLOURING MATTERS. 

CHRYSENE C.sH.j or 

This hydrocarbon occurs m the highest boiling 
; portions of coal tar, and m the tariy products 
obtained m the dry distillation of wood, fats, 
and oils (Laurent, Ann Chim Phys. [2] f)6, 136) 

, Synthetically, it can bo prepared by passing 
; through a red-hot tube the vapour of benzyl- 
1 naphtfiyl methane (Gracbe and Bungener, Ber 
; 12, 1078), or those of cumarono and naphthalene, 

I which condense with the loss of a molecule of 
' water (Kracmer and Spilker, ibid. 23, 84), or 
, by strongly heating indcne For a comploto 
j synthesis, see Beschke, Wmograd-Finkel and 
Kohres, Annalen, 384, 143 
I Purification — (ffirysene is extracted from tlie 
I mixture of solid hydrocarbons consisting chichy 
, of pyrene and chrysene, which boil at a higher 
i temperatuie than anthracene, and constitute the 
I last portions of the distillate from coal tar, by 
I repeated digestion with carbon disulphide m tho 
I cold This treatment removes all tho hydro- 
I carbons m tho mixture except chrysene 
I (present to the extent of 18-19 p c.), and this 
1 is further purified by crystallisation from coal 
I oil (b p. 150°), from which it separates in 
I golden-yellow scales. The yellow colour, duo 
I to an impunty, cannot be removed by repeated 
crystallisation, but is destroyed by boilmg with 
1 alcohol and a small quantity of nitric acia (Lie- 
' bermann, Annalen, 158, 299), or most simply 
1 by the action of perchloric acid (K. A Hofmann. 

: Ber 43, 1086) 

A second method for obtaining chrysene 
from crude greenish-yellow anthracene (m.p. 

I 207°-208°) has been described by Schmidt (J. 
j pr. Chem. [2] 9, 250, 270). For this purpose, 

I 40-50 grams of the anthracene are dissolved in 
I 5 litres of* strong (95 p.c.) alcohol, and the 
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solution, after filtration, is boiled with 30 grama 
of mtno acid (sp gr. 1 -4) m a reflux apparatus 
for some time On cooling, red needles of a 
sparingly soluble compound of chrysene and 
djmtroanthraqumone 

separate, which, when treated with tin and 
hydrochloric acid, decompose into chrysene and 
reduction compounds of dmitroanthraqumone 
The hydrocarbon is then obtained pure and 
colourless by crystallisation from benzene 

Properties — Ohryseno crystallises in scales, 
or in well-defined, colourless rhombic plates, 
which show a violet fluorescence, melts at 250° 
and boils at 448° (8chweitzor, Annalon, 1891, 
193) It IS a sparingly soluble substance , 
for example, 100 parts of absolute alcohol 
dissolve 0 097 part at 16°, and 0 17 part at 
18°, and 100 parts of toluene dissolve 0 24 
part at 18°, and 5 39 parts at 100° {v Bechi, 
Ber. 12, 1978), whilst ether, carbon disulphide, 
benzene, and acetic acid dissolve it only to a 
slight extent at the ordinary temperature, but 
more readily on boiling The solutions, like the 
pure hydrocarbon, show a deep reddish-violet 
fluorescence On adding chiyseno to a solution 
of formaldehyde and sulphuric acid, a reddish- 
violet colour IS produced , this is destroyed by 
the addition of water (Ditz, Ohem. Zeit 31, 446j 
The absorption spectrum of chrysene has been 
studied by Baly and Tuck (Ohem Soc Trans 
1902, 14) Chrysene combiner with dinitro- 
anthraqumonc and with picric acid (tiinitro- 
phenol) to form characteristic compounds ; the 
purale (’isiIi2,C6^^2(^^2)3^W» obtained by 
<uldmg chrysene to picric acid in benzene solu- 
tion, crystalltses in long red needles, and is 
decomposed by alcohol (Licbcimann, Schmidt) 
When heated with concentrated sulphuric acid, 
chrysene yields a sulphomc acid, and when 
tieated with nitric acid, under varying con- 
ditions, yields mono-, di-, and tetra-mtro 
derivatives {ihid ), whilst chlorine and bromine 
convert it into substitution-derivatives (Schmidt) 
Aimnochrysene is obtained by the reduction of 
nitrochrysene with phosphorus and hydi iodic 
acid (Abcgg, Ber 1893, 792), or with tin and 
hydrochloiic acid (Bamberger and Burgdorf, 
ihid. 1893, 1006) On oxidation with chromic 
acid in acetic acid solution, chiysene is ( onveited 
into chrysoquinovc CigHjoOo, which crystallises 
in yellowish-red needles, melts at 235°, yields 
azines on treatment with ortho-diamines (Lie- 
bermann and Witt, ihid 20, 2242), and is 
characterised by dissolving in concentrated 
sulphuric acid with a blue colour On oxidation 
with lead jieroxide in alkaline solution the 
quinone is converted into /S-phenyl-a-naphthoic 
acid, from which by elimination of carbon 
dioxide, )8-phenylnaphthalene is obtained. 

CHRYSEOLIN v Azo- coloubing matters. 

CHRYSIN, 1 3-dioxyflavone O15H10O4, is 
obtained from poplar buds (Piccard, Bor 1874, 
88; and Barier, ibid 1894, 21) It has been 
synthesised by treating phloracetophenone with 
ethyl benzoate in the presence of sodium, 
when 2:4: 6-trimothoxybcnzoylacetophenone is 
formed ; on boiling with hydnodic acid, the 
methyl- groups are eliminated, condensation 
takes place with the production of 1 ; 3-dioxy- 
flavones (Emilewicz, v. Kostanecki and Tambor, 
ihtd. 1899, 2448 ; 1904, 3167). It is a yellow 
crystalline solid, melting at 276°.* By heating 


it on the water- bath with methyl iodide and 
potassium methoxide, tectochrysin, which also 
occurs in poplar buds, is formed (Emilewicz, 
Kostanecki and Tambor, I c ) (yhrysin is a 
member of the quercitin series (Perkin, Ohem 
Soc. Trans. 1896, 1443), and dyes cloth mordanted 
with aluminium a pure yellow , with chromium, 
an orange-yellow ; and with iron, a pale choco- 
late (Perkin, ibid. 1897, 818) 

CHRYSOBERYL. Aluminate of bervlhum, 
BeAl204, crystallising in the orthorhombic 
system, and used as a gem stone It is usually 
met with 111 well-formed crystals, which as a 
result of twinning often simulate hexagonal 
forms, or as rolled pebbles in river gravels 
Sp gr 3 05-3 75 ; hardness 8J, taking the 
third place amongst minerals, being exceeded 
only by diamond and corundum. Few mineials 
are so resistant to chemical reagents as chryso- 
bcryl , it IS not attacked by acids nor fusible 
before the blowpipe, and is decomposed only 
by fused alkalis The colour ranges in various 
shades of yellow and green Tlie variety 
alexandrite is emerald-green m daylight, but 
violet-red in lamp-light Another gem variety, 
known as cifmoplmne or ‘oriental cat’s-eye,’ shows 
a bluish milky band of reflected light which 
tiavels acTOSs the convex polished suiface as 
the stone is moved about (/hrysobeiyl occuis 
embedded m granite and crystalline schists 
Material of gem quality comes fiom Ceylon, 
Brazil, and tlio Urals By reason of its high 
degree of haidncss it has occasionally been used 
for jewelling watch -bearings L J S 

CHRYSOCOLLA. A hydmtcd silicate of 
copper sometimes of importance as an on' of 
copper The formula is usually given as 
CU81O3 2H2O, but the composition is van able, 
the mineral often being mixed with various 
impurities — silica, alumina, coppiT carbonate 
or phosphate, hmonite, &c On these differ- 
ence's in composition several tnvial vaneties 
have been distinguished by special names 
The mineral is of secondary origin, occurring 
in the upper portions of deposits of copper ores 
It forms encrusting or botryoidal masses, whicli 
may be viticous and translucent, resembling 
opal or enamel in appearance, or dull and 
earthy The colour ranges from bright green 
to bright blue, and there is a wide lange in the 
sp gr 2 0-2 8 Under the microscope it some- 
times shows a minutely fibrous structure, and 
small acicular crystals from Idaho have been 
described (J B Umpleby, 1914) Such material 
IS optically uniaxial and positive with refractive 
indicas 1 57 and 1 46 , sp gr 2 4 Jnterbanded 
with the microcrystalline material is often 
some optically isotropic material, and for this 
amorphous equivalent of chrysocolla the name 
cornmte has been proposed (A F. Rogers, 1917) 
A variety known as pitchy copper -ore (Cer 
Kupferpechoiv), dark brown or black in colour and 
with the appearance of pitch, is of some impor- 
tance as an ore of copper, particularly in (‘hile It 
consLSts of a mixture of chrysocolla and hmonite 
(^hr3f^ocolla of the more ordinary type has been 
mined for copper in South Australia, Belgian 
Congo, Chile, Arizona, Idaho, &c. I’hc name 
chrysocolla, from K6\\a, glue, 

was applied by the ancients to materials used 
for soldering gold, and included, besides certain 
copper minerals, also borax. L. J. S. 
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CHRYSOFORM. Trade name for dibromo- 
d iiodohoxameth ylenoietram i ne. 

CHRYSOGEN. An orange-coloured sub- 
stance, containing more than 94 p c. of carbon, 
and said to be a hydrocarbon, discovered by 
Fritzsohe (Zeitsch (‘hem 18GG, 130) m crude 
anthracene. It is sparingly soluble in the 
ordinary organic solvents. In sunlight, its 
solutions become rapidly bleached, and yield a 
colourless crystalline compound which, on fusion, 
becomes orange-yellow 

CHRYSOiDINES Azo- roLOURiNG matters. 

CHRYSO^N AZO- COLOURING MATTERS 

CHRYSOLITE Olivine 
CHRYSONAPHTHAZINE Azines. 
CHRYSOPHANIC ACID {Chrysophanol) v. 
Ciiryharobin , Rhubarb 

CHRYSOPHENIN v Azo- colouring mat- 
ters 

CHRYSOPRASE V Oiialcedony 
CHRYSOTILE v Asbestos and Serpentine 
CHRYSOTOLUAZINE e Azines 
CHRYSOTOLUIDINE A yellow 

crystalline base of unknown constitution (rf 
Hofmann, Bei. 2, 380), occuriing in the residue 
obtained in fuchsin manufacture' by the aisimic 
acid method (Guard, l)e Lane, and (3iapoteaud, 
Ooinpt rend G3, 0G4 , G4, 41G) Qdie hydio- 
chloride is a yellow dyestulT 

CHRYSYL. Trade name for zinc boropiciate 
obtained by boiling together solutions of bone 
and piciic acids wilh zinc oxide, used as an 
antiseptic 

CHURCHITE. A hydrated phosphate of 
cerium (('0203 51 87 p c ) and ealcium, oceurnng 
as grey fan-like aggregates of acicular erystals 
enemsting quaitz and slate in a (‘ormsh copper 
lode Unfortunately nothing is known of the 
exact locality of the mineral L. J. S 

CHYMASE V Fermentation 
CICATRICINE. Trade name for a solution 
of thiosinamine, antipynne, and lueaine lactate 
CICUTOXIN Gi8lf2(j03, the poisonous piin- 
eiplo in water- hemlock {(Jicuta vaqans) is con- 
tained m the tubers to the extent of 0 3-0 4 
pc It IS found also in 6' virosa It is a 
yellow resm-likc substance which readily decom- 
poses and polymerises abo yo 50° 0 9G59 

1 5885. Unites energetically with bromine 
and Ignites spontaneously m contact with strong 
nitric acid On dry distillation it yields an oil 
G13H21O2 of sp gr 0 93G at 20° Distilled in a 
current of steam it gives an oil GJ4H22O, of a 
pleasant odour, it giadually polymerises to a 
transparent senii-solid resin On oxidation 
with nitric acid cicutoxin yields carbon dioxide, 
oxalic acid, hydiogcn cyanide, zsobutyric acid, 
and acetyl-2-cyclopcntanone, b p 735°/l5 mra , 
Compounds of cicutoxin with lead, barium 
hydrogen chloride, ammonia, bromine, and iodine 
are known (Jicutoxm appears to be a deriva- 
tive of 4-pyTone (Jacobson, J. Amer. Chem Soc 
1915, 37, 91G) 

CIDER or CYDER IS a vinous beverage pro- 
duced by expressing and fermenting the juice of 
apples. Perry is a similar article made from 
pears The two are very much alike in character, 
and, the principles of manufacture being 
generally the same for each, reference will bo 
made to cider only m this article, except when 
occasion requires the special mention of perry, j 


The largest cidcr-producmg country of the 
world IS France, followed by England, Germany, 
the United States and Canada, and it is now 
also produced in increasing quantities in other 
countnos, notably Ireland and Australia In 
England the principal cidcr-growing districts are 
the counties of Somerset, Devon, and Hereford, 
smaller quantities being made in Gloucester, 
Worcester, Monmouth, Kent, and Norfolk 
The mean annual production of the United 
Kingdom is estimated at 60,000,000 gallons, of 
a value of about 3,000,000/ , including the Excise 
Duty of 4J per gallon. 

The ordinary cider of commerce in England 
is a beverage of widely varying character It 
may contain as little as 2 p c or as much as 
8 p c of alcohol by weight, depending on the 
quality of the apples from which it is made, and 
the process of its manufacture, particularly the 
stage at which the fei mentation has been 
stopped Apart from its characteristics of 
flavour, bodv, and colour, cider may be roughly 
divided into throe classes or grades, viz : 
sweet, which has been only slightly fermented ; 
dry, well fermented , and medium, between the 
two Apple juice of good average quality has a 
sp gr of about 1050 to 1055, corresponding to 
10-12 p c of sugar As the feimentation pro- 
duces, roughly, 1 p c of alcohol from every 2 
p c of sugar, the following table shows the 
approximate comparative composition of apple 
juice, and the three grades mentioned — 


Apple juice 

Sp 

1050-1055 

Sugar 
10-12 p 0 

Alcohol 

8weet cider . 

1025-1035 

G-7 

2-3 p c. 

Medium cider 

1015-1025 

4-5 

3-4 

Dry cider 

1000-1010 

0-2 

5-G 


It must be understood that these figures are 
only approximate, and show the proportions 
of alcohol and sugar in cider made from apples 
of average quality, when the fermentation is 
stopped at the sp grs mentioned and no sugar 
is added 

i The rough cider of the farmhouse, found in 
j the south-we^stern counties, is of a very dry 
grade, being fully fermented, no attempt being 
made to check the ‘ working,’ while the ordinary 
cider (bottled and draught), found in the average 
hotel in cities, is a beverage which has been but 
shghtly fermented, and is of the sweet to medium 
grade, the greatest public demand being for 
cider as a summer beverage, light, sweet, and 
refreshing It must not be assumed, however, 
that all bottled eider is sweet, for it is obtain- 
able from several firms of repute in four well- 
defined glades — sweet, medium, dry, and extra 
dry 

T’he raw material from which cider is made 
vanes in composition and character as much 
as the cider itself The majority of English 
orchards were originally stocked with almost 
innumerable varieties of appleii and pcam, most 
of them of infenor quality, for either table use 
or for the manufacture of cider or perry , but 
great improvements have of late years been 
made in the planting and cultivation of the 
orchards, with a corresponding improvement in 
the quality of the beverages produced. Sjieak- 
mg generally, it may bo said that good cider 
cannot be made from any but essentially vintage 
varieties of supples, most of which are quite 
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iinauited for table use because of their astringent 
flavour, due to the large proportion of tannin 
they contain The majority of table varieties 
yield a juice deficient in sugar and tannin, with | 
an excess of acidity, as compared with the 
vintage sorts, which are cultivated specially for 
the manufacture of cider This is particularly 
applicable to perry pears, which are almost 
invariably very astringent in taste, although it 
IS curious to note that the percentage of tannin 
they contain is not exceptionally high. To make 
good cider, the sp gr of the juice should not be 
under 1045, it should contain at least 0 15 p c 
of tannin, which gives keeping and clearing 
properties, with an acidity not exceeding 
0 5 or 01» p e of malic acid for sweet cider, and 
0 3-0 4 p.c. for dry, while those substance's 
which constitute ‘ body,’ consisting of mucilage, 
albumen, salts, colouimg mattci, &c , are also 
of importance ; but, having been very little 
investigated, it is impossible to state definitely 
what proportions of each arc necessary A 
high sp gr with a coirei^pondmgly high sugar 
content, is generally considered the most 
important quality, but some apples arc known to 
yield a juice high in sp gr but deficient m colour 
and body (the two are usually lussoeiated), 
while others of a low sp gr but rich in colour 
and body, may produce cider of better quality 
than the first* mentioned Too much reliance, 
however, must not bo placed on the mere 
chemical composition of the juice as indicative 
of the value of an apple for cider making, the 
characteristic flavour of the variety and the 
rate of fermentation, which varies gieatly with 
dillerent jiiu'c^s, being at least eijually impoitant 
Vintage apples are roughly divided into 
three classes — sharp, ('ontaming normally not 
less than 0 45 p c malic acid ; sweet, containing 
normally less than 0 45 p c of malic ai'id, and 
0 2 p c of tannin , bitter sweet, containing 
normally less than 0 45 p c of malic acid and 
more than 0 2 p c of tannin The following 
table shows typical analyses of the juice of 
several of the best of each class, together with 
that of a lutherto unknown and unnamed 
variety recently found in Soineiset (‘Butleigh 
No 14 ’), which IS of outstanding merit — 


' Taniun 

acid ; sugar 


1 KmgstonBlack 
2. Fox whelp 

3 (yowaine Bed 

4 Sweet Alford 

5 White Jersey 

6 Cherry Norman 
7. Homer . 

8 Royal Jersey 
9. Barland 
10 Butt . 

11. Oldfield 

12. ‘ButleighNo 14’ 


Nos. 1, 2, and 3 are sharp varieties ; 4 and 
5, sweet ; 6, 7, and 8, bitter-sweet ; 9, 10, and 
1 1, perry pears ; 12, a bitter-sweet of unusually 
high quality. 

The process of cider making of very 


ancient origin, but modem scientific cider making 
may be said to date from the year 1893, when 
the Bath and West of England Agricultural 
Society instituted some chemical and bacterio- 
logical research into the subject, a work which 
was earned on by Mr. F J. Lloyd for some 
seven years m Somerset, and has subsequently 
been continued on a more ambitious scale at the 
National Fruit and Cider Institute, associated 
with the University of Biistol, under the direction 
of Prof B 'r P. Barker Tlie results of these 
investigations form the foundation of modern 
cider making, and annual reports thereon con- 
stitute the most trustworthy literature on the 
subject 

Whereas the quality of the cider depends 
primarily on that of the apples used, the natuie 
of the product is largely infiiienccd by the 
methods of manufactuie and fermentation, and 
general management To ensure good quality, 
care of the apples in the orchartl is essential, 
for no good beverage can be made from fruit 
which has been earoh'ssly gatheied or stored 
It should be shaken from the trees when just 
ripe, buiising being avoided as far as possible, 
and stoied m heaps (preferably under cover if 
the wcatliei bo wet), until it becomes soft and 
mellow, but not ovcr-rnie, caio being taken to 
avoid either washing by ram, which results m 
the loss of sugar and yeast , or heating, which 
produces fustinoss m the eider, as well as a great 
tendency to aci'tic fermentation When tho- 
roughly mellow, the fruit is selected and 
blended m the propoitions necessary to give 
the degree of swi'i'tness, .icidity, and astiingency 
required for the variety of cidei it i^’ mtehided 
to make Sweet (uder is best made fiom a 
blend of sweet, sharp, and bittci -sweet apples ; 
while dry eider slioiild be made from a blend 
giving a minimum of acidity, with only a 
moderate proportion of tannin Very few 
varieties of apples aie individually eaxiable of 
producing the finest eider, an appropriate 
blending being neci'saary This does not apjily 
to peam and perry making : single varieties, 
unblended, usually giving best results In the 
actual processes of grinding the fiuit and 
expressing the jiuce, steam or hydraulic power 
is generally used in modern factory practice, 
but, apart from economic reasons, this has no 
advantage over the old-fashioned hand-power 
machinery of former days. The fruit is ground 
I to a fine pulp, called ‘ pomace,’ which falls upon 
the press, is held together in thin squares by 
manilla or hempen cloths, and is usually jiressed 
at once In some jilacos, however, the pomace 
IS allowed to remain m tubs for 12 to 24 hours 
before pressing, which is said to improve the 
quality of the resulting liquor, but there seems 
to be no scientific reason for this custom, and 
investigations have failed to show that sufiieient 
advantages are gained to compensate for the 
work it entails. With efficient presses, about 
75-80 p e of the weight of apples is obtained 
as juice, and about 80 p c in the case of pears. 
The most profitable means of utihsmg the dry- 
pressed pomace is as cattle food In France the 
juice IS sometimes extracted by the * diffusion ’ 
process in use m the beet-sugar mdustry, but 
this does not meet with general approval, and 
has not been adopted in this country. The 
fresh juice is run into casks or open vats called 
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‘ keoves,’ to undergo the important process of 
fermentation, which commences spontaneously 
in a few days, the time dependmg on the 
character of the juice and the temperature An 
important question here anses * Shall the cider 
be allowed to undergo a natural fermentation, 
or shall a pure culture of yeast be added to 
dominate it ? At the present time this is a 
debatable point While in Franco and Germany 
it IS generally acknowledged that the use of 
pure cultures improvers the quality of the liquor, 
and they are laigely used, in this country and 
America it seems doubtful whether the advan- 
tages of their use are sufiicient to compensate 
for the extra expense and trouble involved 
Pure yeasts, isolated from the best growths of 
cider and wine, have been cultivated and added 
in suflTicient quantity to dominate the fermenta- 
tion and prevent the vaiious wild races from 
exercising much influence (Owing to the 
dilhculty of avoiding a cooked taste, sterilisa- 
tion of the apple juice, even at comparatively 
low temperatures, is ratlier impracticable ) fl’he 
general results tend to show that fermentation 
by suitable yeasts give a somewhat superior 
product to that obtained by natural fermenta- 
tion , but the full advantages are not apparent 
untd the cider is about a year old, whereas, 
in general pruticc, it is usual for it to be con- 
sumed before it attains that age The use of 
pure cultures in the cider industry in this 
country is, for that reason, far fiom general, and 
it does not seem likely to make much head- 
way in the present state of our knowledge of 
the subject Little is known of the various 
species of yeasts naturally occurring on the 
skin of the apple, which subsequently develop 
m the cider, forming the ‘ lees ’ at the bottom, 
and conducting the fermentation, but the 
largest number consist of forms allied to the 
Saccharomyacs Ellipsoideus^ E Pastor and 
8 apiruhtus types A fairly slow fermenta- 
tion IS generally desirable, but, on the other 
hand, it is one of the most important points 
m tlie whole process that the pnmary alcoholic 
fermentation bo vigorous enough, and is not 
checked too soon, otherwise the cider is laid 
open to the attacks of numerous undesirable 
organisms, which will show their effects m 
various ‘ diseases ’ dining the following summer 
The ‘ keeving ’ system of fermentation, m open 
vats with loose covers, ls preferable to that in 
closed casks, as the ‘ head,’ which is soon 
thrown up, consisting of yeasts and light 
portions of tissue, can be skimmed off from time 
to time It is not advisable, however, to keep 
the cider m the keeves longer than about a week, 
lest incipient acetic fermentation set in, and, as 
soon as no further head is thrown up, it is 
racked into closed casks to complete the primary 
fermentation. Tho subsequent conduct of this 
important process is governed by the grade of 
cider it 18 desired to make, the hydromet/er being 
in regular use for watching tho fall of the 
sp gr The rate of fermentation depends 
partly on the character and composition of the 
juice, and partly on the temperature ; but these 
conditions are practically beyond control. 
Blending the apples to ensure tho requisite 
degrees of sweetness and acidity in the juice will 
comply with one condition of a moderate rate, 
but as tho proportion of nitrogenous matter is 


of still greater importance, and is a subject on 
which, strangely enough, little is known, and no 
rehable figures obtainable, blending to ensure 
the proper percentage cannot be scientifically 
done at present Regulating the temperature is 
also impracticable, fer a largo quantity of cider 
would have to be handled in a very short space 
of time, and this would be too expensive a 
process. A large jilant would have to bo fixed 
up, which could only be in use a few weeks each 
year, and possibly it might not be required 
at all Whenever tho sp gr. approaches the 
point at which it is desired to stop the fermen- 
tation, tho cider ls racked off into clean casks, 
with or without sulphuring or the use of other 
preservative. This alone, however, is not 
usually sufficient to stop fermentation, unless 
an excessive quantity of preservative be used, or 
racking into sulphured casks bo repeated several 
times. The best known means, which has the 
advantage of adding no materials of a question- 
able nature to tho liquor, is to filter it through 
one of the many useful cotton-pulp filters now 
on tho market Even tho use of a filter is open 
to some objections, for it removes some of the 
body (probably of a colloid nature) and flavour 
from the cider The clarification also presents 
groat difficulty with many ciders, neither 
isinglass finings nor boiled apple pulp, which 
are commonly used for the purpose, having any 
effect, so that tho filter, which clarifies the cider, 
and at the same time stops tho fermentation, 
IS preferred, m the absence of anything better, for 
this purpose Depending on various ciiciim- 
stances, the cider is filtered and stored away to 
mature in casks, at any time from two to four 
or even six months from the time of making 
If filtered perfectly blight, and stored m clean 
casks, kept well filled, it will ‘ keep its sweets ’ 
for a whole season or longer, with the loss of 
only a few degrees of sp gr , even though it 
may contain as much as (i or 7 p c of ferment- 
able sugar. During this period of storage, it 
mellows and develops its fragrant aroma and 
delicate flavour, and also loses a certain pro- 
portion of its acithty and astnngency. I’lie 
strongest and best cider will keep in cask for 
some years, but that of average quality is at its 
best within tho first year It keeps best and 
improves most in bottle, but only cider of good 
and sound quality should be bottled ; it should 
have an original gravity of at least 1050, should 
undergo a vigorous primary fermentation, and 
bo perfectly brilliant when bottled I’he best 
ago for bottling is from four to six months, and 
if not more than a year old at tho time, it will 
develop sparkling condition like champagne 
after a few weeks’ storage. Tho carbonating 
process of bottling is becoming more general, 
and there seems to be no objection whatever 
to its use, some of the best brands on tho 
market having been treated in this way. 

Matured cider is liable to several disorders 
or ‘ diseases,’ tho principal being acetification, 

* sickness,’ ropiness, and blackening Like all 
liquors of low alcoholic strength, it is particularly 
apt to acetify on very slight provocation, and 
for this reason, exposure to air at all stages of 
manufacture is to be avoided. ‘ Sickness ’ is 
a recommencement of alcoholic fermentation, 
which is set up during tho summer following 
its manufacture, and may occur in cask or 
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bottle. The cider becomes very turbid, and 
the ijroduction of alcohol is accompamed by 
the development of a most disagreeable smell 
and flavour, due, it is thought, to formation 
of acetaldehyde, together with an increase m 
acidity, partly lactic and partly acetic, which 
renders the liquor quite undrinkable. It is a 
source of great loss, for it usually attacks the 
richest and most fruity ciders, and is due to the 
action of several special orgamsms, contributing 
causes being a deficiency of malic acid in the 
juice, and a weak primary fermentation Ropi- 
noss IS not so frequently met with, and little is 
Jaiown of its causes in cider , but it is generally 
found wheie theie is a deficiency of tanmn. 
Some ciders turn dark very quickly on exposure 
to air, some almost black in less than half an 
hour This may be due either to an excess of 
iron acquired fiom the sod on which the apples 
are grown, but more often from the utensils 
used in the making, or to enzymic action , the 
use of a little pioservativo often prevents its 
development 

A standard of chemical composition for 
what IS sold as cider has been formulated in 
some countnes, but not in Great Rritain Owing 
to the extreme variations m the character and 
composition of genuine cider, it is almost, if 
not quite, impossible to fix a defimte chemical 
composition and say that it represents what 
should be considered a standard cider. For 
this reason, the standard fixed in foreign countries 
IS necessarily very low, but whde it piobably 
admits of a certain amount of adulteration, it 
no doubt acts as a chock. It can liardly be 
contended that nothing should bo sold as cider 
which is not tlio pine juice of apples Bi ewers, 
wine makei-H, and distillers are not lestnctcd by 
law to the use of malt and hops, giajie juico and 
malt icspoctively, in the maKirig of their pro- i 
duets, so that a law to limit cider makem to j 
the use of apjiles only would operate unfairly 
against them avS compaicd with the other tiades 
mentioned It luw been stated tliat many 
varieties of eider apples grown in this countiy 
are not capable of making fiist-olass cider, and 
the better sorts are in too small a minority to 
meet the demand In poor vintage seasons, 
also, the gcmcral quality is low, sugar being 
deficient and acidity excessive It is also 
undoubtedly true that cider made fiom the 
poorer varieties of apples, and in poor vintage 
yeais, is capable of great improvement by the 
addition of a certain pioportion of cane-sugar 
syrup, as is done in the process of ‘ gallisising ’ 
wines, to obtain the coriect jiioportion of acidity 
to sugar It is diflicult to say what maximum 
proportion of this syrup should be allowed, but 
there is seldom any occasion for the use of 
more than 10 p c to make the cider suitable 
for the English maiket The fact that there 
are so-called ‘ ciders ’ on the market, which are 
innocent of a drop of apple juice, shows the 
necessity for some sort of standard Generally 
speaking, it may be concluded that no cider 
can be considered genuine which does not 
contain at least 2 p.c. of alcohol by weight, or 
which does not show an onginal gravity of 
1046 or upwards. Another vexed question is 
that of the use of preservatives, some people 
jcontending that it is impossible to do without 
them, and others that they are nc^ necessary if 


the cider be well and carefully made There 
IS much to be said on both sides Some makers 
sulphur their casks, thus adding a certain 
quantity of sulphurous acid to the cider , but 
it 18 generally considered, though very stiangely, 

( that this doe^ not constitute the addition of any 
‘ chemicals.’ Othem use sulphites or salicylic 
acid, and justify their use by the argument that 
all cider, no matter how carefully made, is 
peculiarly susceptible to the various ‘ diseases ’ 
picviously mentioned, and has often to bo kept 
under conditions which render them unprevent- 
ablc by any othiu* known means, for example, 
on diaught in a waim bar, perhaps for some 
1 weeks. Tliere is certainly a gieat deal of 
' reason in this, and it would probably be a 
I haidship to absolutely prohibit the use of any 
pieseivative , but, on the other hand, they are 
sometimes used m ncedle-ssly excessive quanti- 
ties, which, in the interest of the public health, 
should bo avoid(‘d The consumption of cider 
IS lapidly increasing, due paitly to its being 
recommended by medical men, and if it is to 
hold its own as a [)opular, and above all as a 
healthful, dunk, it must be kept free fiom' any 
ingiedicnts of doubtful physiological eflects. 

Appended are analyses of a few typical 
ciders of well-known makes — 

1 1 ,^ 

Descnptiou , Sp gi oC Ash 

O) ^ cj rj O 

‘ j 

Sweet sparkling . i 1025 3 65 0 24 | 5 68 0 245 

Standaid dry 1006 4 60 0 31 3*25 0 314 

Standard sparkling 1015 3 90 0 53 6 00 0 360 

Champagne perry. | 1013 3 75 0 35 4 80 0 390 

__ _ I _ I 

W D. McC 

CIGNOLIN. 'I’lade name for J 8-dihydro\y- 
anthianol Used as a lemedy loi psoii.isis 
Has a more eiicigetu aition upon the skin than 
its 3-methyl deiivative, chiysaiobin {qv), 
1 (Uniia, Dermatol Woehensdir 1916, 62, 

Nos 6-8) 

CINCHOMERONIC ACID r Bonw oil 

CINCHONA ALKALOIDS. The Cinchona 
Barks. 1 Thar ]Ji,stovitq — Tlu' febiifugt 
jiroperties of tlie bark of the cmcJiona trees 
giowmg on the slopes of the Andes was jirobably 
known to the native Incas long beloie its cura- 
tive properties became known to then* 8pamsJi 
conqueroiH Tlie eaihcst mention of a ‘cure’ 
IS by Jussieu m 1600 'riic introduction of the 
bark to European countries was duo to the 
Countess of Chmehon, wife of the Viceroy of 
Peru, who having berui cured of an attack of 
fever at Lima in 1638, on her return to Madrid 
in 1640, brought with hei some of the precious 
bark, and administered it to fever -stricken 
patients on hei Spanish estates It is m her 
honour that Linnaeus named the species 
* cinchona ’ For nearly 200 years the drug was 
administered in the form of a decoction of 
powdered bark, and the alkaloids in it were 
not isolated till 1816, when Gomez discovered 
the alkaloid cinchonme, followed by Pelletier 
and Oaventou, who isolated quimne 

2 The natural Cinchona Trees occur in a 
long but very narrow belt on the slopes of the 
Andes, stretching from Columbia in the north, 
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through Ecuador and Peru to Bolivia on the ‘ Nueva Qumologia of Pavon,’ and thebe two 
south. For the greater jiart of the last century books still maintain their position as the 
the trees were luthlessly cut down and the bark standard works on the subject In 1880 Sir 
stripped from them by tlie Indian collectors, Clements Markham j)ublished a most compre- 
no attempt being made to replace them or hensive work entitled ‘ JVruvian Bark,’ and it 
cultivate seedlings, and consequently the is from this book that the compilers of these 
species was being rajudly cxteimmat<‘d when notes have obtained much of then infoimation 
more scientilic methods were gradually mtio- The following table shows tin* locality and the 
duced botanical species of the vaiious commeicial 

The trees weio first classified botanically baiks on the London maiket in about 1870, 
by Weddell, in 1840, and m 1800 John Eliot and the analyses given, exicpt when otheiwise 
lioward, F B S , bi ought up-to-date and trans- stated, weie made by the present authoi-s, of 
latcd the notes of the Spanibh botanist Pavon ty])ical commercial samples which had been 
(complied m 1800), under the title of the preserved in a collection of that date 


TABLE I — The Natural Barks of Commerce of 1870 



1 

- 

analyses 


I 


Peuentago of alkaloids present 

C'onmioK i«l 

Botmiieal | 

l>i-.co\eif 1 

\ <v t ’f' 

ji. 0^ S §'2 -2 

ihiirn' 

name 1 


o S SIS .cJ o o 


1 


CS On; TiiC P< cS ^ 




a ■§= a i -sd 




3 CT3 3 ' S S"©*® 


' 


cv o a o ^ H 

(howri 

Cinchona ! I.oxa' (S 

Calda.s, 1803 

3 Of) 1 1 34 0 bl 0 32 0 59 1 5 48 

Balks 

ofhciiuili'^ Ecuador) 


1 ! 


1 


J E H (1870) 


1 


Quinine 1 00 

Rod 

Cinchona (Inmboia/o 

Condamine, 

Cmchonidine «iricl quinidine 1 22 

Barks 

succirubia (Central 

1738 

(hnchonine 1 25 


j Ecuador) 


— 


1 


Total alkaloids 4 37 p c. 

(\)Iumbiaii 

Cinchona j Pitavo 

Mutis, 1772 


Balks 

pitayensis i (('olurnbm) 



Haul 

1 


2 42 Oil) 0 82 0 98.2 25 (>00 

Pitayo 

1 


! 

Soft 

,, I ,, 


1 f)l i 0 lb 1 0 77 1 28 , 1 50 5 (>2 

Pitayo 

' i 

i 

‘ 1 1 

Soft 

1 (huchona Santa Fo 


1 *12 0 30 0 Of) 0 35 0 05 2 87 

Colum- 

lancifolia j <ind New 


! 1 

b 1 a n 

i Cicnada 


1 i 

W Coast 

: 



C^aithagoiia 

! (hnchona j Caithagena 


1 31 0 41 0 03 0 07 0 40 2 J3 


lordifolia ' and Clui- 

1 



acjuil 

1 

1 

1 1 

Ciov 1 

CiiK'hon.i llu.inuco 

Reiiquifo, 

1 J E H (1802) ‘Nearly 2 pc of 

Barks 

iiitida (N Peru) 

1770 

' cinchonine ’ 

i 

(hnchona ' 


J E H (1802) Cim homne 2 p 0 

1 

miciantha 


' I otal alkaloid 2 7 p e 


Cinchona i 


1 ,1 E H (1802) Oinnmo 0 45 p c 

! 

Peiuviana 

j 

j CiiK homne 0 9 p c. 

1 

Yellow 1 

■ 1 “ “ 

Cinchona [ r>olivia and 

1 

1 llacuike .ind 

1 1 

; 2 00 0 40 0-20 0 50 0 1)0 4 12 

Barks 

calisaya S Peiu 

1 

1 Cells 1770 

1 


1 


1 



Note . — The analyses mai keel J E H are from records of John Eliot Howard The results must 
be accepted with reserve, as at the date mentioned, the methods of separation of the different 
alkaloids were very rudimentary. 


3 Tramplaniai ion and Cnliiiaiion —In the importance of their cultivation m suitable 
middle of the last century the necessity of districts m that country. 

dealing adequately with the devastations of In 1859 Sir Clements Markham orgamsed 
malaria in India and the diminishing supply of expeditions to South Amenca for the purpose of 
natural cinchonas, directed attention to the securing saeds of aU the cinchonas then of 
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commercial importance. Ho himself headed 
a search for calisaya seeds in Peru and Bohvia 
Spruce collected succirubra m Ecuador, while 
Pritchett was responsible for the grey barks of 
Huanuco m Peru. In older to complete tlu* 
scries fxuther expeditions under Cross wcie 
cairied out m 18(51 for olheinalis baik fioin 
Loxa (S. Ecuador), in 18(58 foi Pitayo baik fioin 
(Columbia, and a final seaicli in 1877 foi soft 
Columbian and Cartliagena barks. 

Maikham’s iiairative of these expeditions 
tolls of the immense difiieulties which weic 
surmounted by these publio-spiiited pioneers, 
not only from the actual hardships of the expedi- 
tions, out also fiom the suspicious and often 
actively hostile attitude of the Indians, and to 
crown all, the problem of transporting the 
collections to the coast, and carrymg them 
alive to England, and subsequently through the 
Red Sea to India 

All these difhculties wore, however, overcome, 
and a largo proportion of the seedlings suivived 
the ordeal and were successfully planted in the 
Nilgiri Hills in 18(51, under the supciintendence 
of Macivor. The cultivation of omchona m 
India fiom Maclvor’s seedlings lapully spiead, 
and plantations were established by private 
owner's m the Nilgiiis, and in the Palnai Hills 
of Tiavancoie In 1805 plantations were 
established at Hakgala in Ceylon and in Coorg, 
followed shortly after by fuither enterprises 
at Wainad, Mysore , Darjdmg in JSikkim , and 
the Karen Hills in Burmah Macivoi intro- 
duced two methods of harvesting the baik . — 

1. Coppicing and allowing the tiee to shoot 
again from the same tiunk , and 

2 ‘ Renewing ’ by mossing In the lattt'r 
process the baik was removed in longitudinal 
strips about an inch wide, leaving a space 
untouched between each strip denuded of bark 
The tree was then bound round with moss and 
the bark allowed to ‘ renew ’ and cover the 
wounds This method, although moie laboiious 
than coppicing, largely increased the yield of 
each tree David Howaid (J Soc (diem Ind 
1906, 26, 97) states that lenewed bark is richer 
m alkaloids than the oiiginal, and that the 
proportion of quinine to other alkaloids is 
increased. 

In 1880, when Markham’s book was pub- 
lished, the Indian plantations gave every 
promise of bcconung the mam source of supply 
for the markets of the woild The fact that 
India does not find herself to-day m that 
fortunate position is shown m the following 
table, and the cause in the next paragraph 

A summary of sources of bark sold in 
European markets — 

In 1880 In 1911 

Columbia . 6,000,000 lbs ) 

Bolivia, Peru, > 35,200 lbs. 

Ecuador . 960,000 lbs ) 

India . . 1,170,000 lbs. 468,600 lbs. 

Java . . 70,000 lbs 19,778,000 lbs. 

Jamaica . 21,(XK) lbs. nil. 

Africa . ml. 26,400 lbs. 

The explanation obviously rests on the rise 
of Java as the greatest cinchona producer, and 
it is therefore necessary to sketch briefly the 
history of this wonderful success of the Dutch 
in their principal colony. > 


The first attempt at cultivation m Java in 
1862 ended m complete failuie tliiough th( 
poor alkaloid-producmg chaiacteiistics of the 
varieties of cinchonas of which seedlings weie 
secured from South America , the only tiees ])io- 
ducing a toleiablo yield being a small numbei 
obtained fiom Macivoi's plantations m the 
Nilgiris in 1855, howevei, Charkis Jx'dgei 
seemed some seeds of Cmehona eahsaya, half of 
whicli were planted m India and half in Java. 
Those m India failed, owing either to the 
elimatic conditions or the mismanagement of the 
plantations after Maelvor’s deatli Those in 
Java, howevei, ttounshed exceedingly, and have 
pi od need a woiidoilul stiain of trees, wliieh, by 
skilful scientific cultivation, have produced, and 
are producing, baik eontaimng up to 10 p c of 
quinine, and which have, theioiorc, far surpassed 
any other variety in its market value from a . 
manufacturmg staiidpomt 

4. Hybridi6atio)i and Giajting • — David 
Howard (J Soc Chem Jnd 190(5, 25, 97) deals 
with the elicct of hybiidisation (paitly delibeiate 
and partly accidental) on Java barks, and 
mentions a veiy eonirnon hybiid of eommeiee 
known as Robusta, a hardy growth, which 
nearly iivals Ledgenana in its alkaloid value 
Regarding grafting, lie states that the ‘ Enton 
Baast’ of commerce, from Java, is the result of 
grafting Jicdgeriana on to a Sneeiiiibia stock, 
the bark fiom branolies giving the characteiistK s 
of Ledgenana, while the root baik retains the 
piopoition of alkaloids common to Succirubra. 

Fiom a large experience of analysis of 
samples from dilleient parts of the same emchona 
tiecs, he found that the elaboration of alkaloid 
takes plaie solely ni the downwaid couise of 
the sap, and that liio percentage of alkaloid 
inci eases in the bark from the twigs down the 
stem to tlie ground , m tlio less fiouiishing tiees 
the loot baik being neht‘st in alkaloid value, 
but of this alkaloid, the piopoition of quinine 
and cmehomdine is lowei, while that of cincho- 
nine and quimclino is highei 

5 The Gormnertial Aspect — In the same 
paper David Howard shows that the compiest 
of the world’s maikets by the Java planters 
was duo to the eaieful and seieiitihc work of 
Moens and otheis in tlie cultivation of the 
phenomenally iieh Ledgenana to the exclusion 
of the lowei alkaloid-jiroducing varieties, which 
enabled the Dutch growci-s to hold on during a 
period of about 20 years of bitter competition 
and low prices, which giadually ousted a large 
number of the older established, but less scienti- 
lieally managed, ineban plantations from the 
market. 

To emphasise the effect of successful Java 
cultivation tlie table given below shows two 
analyses A, typical of the veiy best natural 
Calisaya baik produced from wild trees in 
about 1865 ; and B, of a typical good quality 
cultivated Ledgenana bark sold in Amsterdam 
m May, 1914 . — 

Ciricho- Quml- Cincho- 

Quinine nidine dine nine Amor- Total 

pc pc pc pc phous alkaloids 

A 3 615 0 75 0 165 034 093 6*80 

B 7 92 0 105 008 0 085 0 91 9 10 

This shows the triumph of skilful cultivation 
in producing an enormous alkaloid yield of 
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almost pure quinine, over the best unaided 
efforts 01 nature. 

6. Other Bark-yroducing countries only re- 
quire a passing mention. The barks formerly 
produced by Jamaica and Mexico have dis- 
appeared from the market. The Portuguese 
possessions in West Africa produce bark regu- 
larly, the best-known source being the island 
of St Tiiom6 South America still produces a 
considerable amount of bark, presumably now 
entirely from cultivated and not natural 
sources. A start was made shortly before the 
war in German East Africa, and although the 
plantations are at pie.sent small, the analysis 
of the samples shown below, if they can be 
regarded as typical, indicate very jnomismg 
conditions, being in quality well up to the best 
Java production. 


Pekcentages of Alkaloids Present 



There is one variety cf cinchona which, 
although valueless from a commercial point of 
view, since it contains none of the four alkaloids 
of commerce, has yet provided a considerable 
field for research, as several rare members of 
the cinchona alkaloid family have been extracted 
from it It is described by Markham under the 
name of Pubescens, but was also called Pelle- 
teriana (after the discoverer of the quinine 
base) and Cusco baik m commerce. 

It would appear to have been widely dis- 
tributed over the forests of Peru, and was found 
to be growing freely by Markham in the Cara- 
vaya district The alkaloids isolated from it 
are cuscomne, cuscomdme, cuscamine, cuscami- 
dino and aricine (called after Arica, the coast 
town from which it was exported). 

Before leaving the subject of barks, the tree 
Aspidosperina Quebracho, a member of the 
Apocynacea*, must be mentioned. This was 
considered by Hesse (Annalcn, 1870, 154, 287) 
to be identical with the Quina Blanca of Mutis. 

Two alkaloids have been extracted from it, 
Paytine and Paytamine (so called from the 
poit Payta in North Peru), which although not 
actually classified under any group of cinchona 
alkaloids, have a very similar empincal formula, 
and possess certain fcbiifuge properties which 
justify their inclusion under this heading 

Principles of Cinchona Barks. — The following 
are the names and formube of the alkaloids 
occumng naturally m these barks, isomeis 
bemg bracketed together — 


7. Other Trees producing Cinchona Allaloids 
— Two other varieties of trees must be mentioned 
which, although belonging to the Remijia 
sjK'Cies, and not being botamoally cinchonas at 
all, yet contain alkaloids of the cinchona group, 
which will be mentioned below 

Bark of the Remijia pedunculata, known as 
‘ Cuprea Baik,’ was sold m considerable quanli- 
ties on the London maiket in the early eighties, 
and its analysis is interesting, as being the only 
natural bark known which contains quinine 
and other alkaloids (including the rare alkaloid 
cu])ieine), but absolutely no cmehonidine 

The Kenujia Puidieana contains interesting 
but rare mcmbcis of the family of cinchona 
alkaloids, yiz cinchonamine, chairamme, con- 
chairamine, ehairamidine, and lonchaiiamidme, 
the peculiar piopcrties of which will be mentioned 
later i 

Remtjia Pedunculata ( ‘Cuprea’) Bark. I 



8<uuple A 

Ji 

0 

Quimne alkaloid 

1 38 

1 27 

} 1 20 

Cupremo 

0 11 

0 05 

Quimdine 

0 40 

0 41 

0 25 

Cinchonine 

0 22 

0 26 

0 27 

Cmehonidine 

ml 

ml 

ml 

Amorphous . 

1 31 

101 

1*17 

Total alkaloid 

3 42 

300 

2 89 




Remijia Puedibana Babe. 

Chnehonamme nitrate . . 0*30 p c. 

Nitrate of other pancine bases 3 30 „ 


Cinchomno j 

Cmehonidine ICjallj^ON 

Cmchomcine (cinchotoxm) ) 
Hydrocmchonme (emchotino) ) 
Hydroeinchonichne (cinchami- 
dine) 

Cinchonamine 
Cupreine Cj^H^^O^N^ 

Quinammo 
Conqumamino 
Quiiime j 

Quinidinc Sc^nIl 24 bhN 2 

Qiunicme (quinotoxin) ) 

Hydroquinino jr n m 
H ydroquinidmej 20 2 2 
Chairamme \ 

Conchairamme o m 

Chairamidme j 26 4 2 
Conchairamidme j 
Aricine | 

Cuscomne [C 23 H 26 O 4 N 2 
Concusconme | 

Dicinchomcme C,8H420N4 
Diqumicino (diconquimne) C 4 oH 4 qOjN 
Javamno \ 

Cuscomdme L i 1 . 1 . *1 

Cuscamine formulae not determined 

Cuscamidine J 
Pancine CieHinONa 


I I. 

' 2 . 

I 3 

i ^ 

1 5. 

i 

6 
, 7 
8 
9 

10 . 

II 
12 

13. 

14. 

15. 

16 

17 

18 
19. 

20 
21 
22 
23 

24. 

25. 

26 

27 

28 
29 
30. 

These are combined m the bark mainly as 
qumates and cmchotannates with qumio acid 
C 7 Hi 20 g, and cmchotanmc acid CuH,.0.; 
the former occurring to the extent of 5-8 p c., 
and the latter 3-4 p c m the barks. Qumoyic 
acid C, 2 H 4809 and oxalic acid (as the calcium 
salt) are abo present in small amounts. The 
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quiuates are soluble in water, but the cinchotan- 
natcs only slightly soluble, dilute aeids, however, 
decomposing them and effecting solution 
The colouring matter in the bark is cmchona- 
red C12H14O7, oceurrmg to as much els 10 p e 
It is soluble in alkalis, being reprecipitated by 
acids Two glucosides, a-qumovm and jS- 
quinovin, are usually present in all cinchonEis, 
and give on hydrolysis quinovic acid and 
quinovose, a sugar isomeric with rhamnose 
(Liebermann and Ciesel, Ber 1883, 16, 926) 
The neutral bodies, cinchoeerotine, and the 
isomers, cupreol and cinchol C,oHi4^4-H,() 
(Hesse, Annalen, 1884, 228, 288“; 1886, 23“4, 

375), together with cholcstol (Thoms, Arch. 
Pharm 1897, 235, 39), appear to bo constant 
constituents of cinchona barks 

The ash of these barks falls usually between 
3 p c and 4 p c , a cuiious fact being that the 
greater the altitude at which the bark is grown 
the higher is the ash In Indian h.iiks the 
highest ash is found in (hown barks grown at 
7(X)0-80()() feet above the sea, falling in rc'd 
barks grown at 5000-6000 feet, a nimimum ash 
being found in Ledger bark, which grows at an 
altitude of 3000-5000 feet (Hoopei, Pliarm J 
1886, 17, 545) 

Consiifutioti of Ihe Cnuhona Alkaloids — 
Only a short account of the gieat amount of 
work done on this subject can be given here , 
for fuller details, consult ‘ Vegetable Alkaloids,’ 
by Pictet (Biddle, 1904), ‘ Die Konstitution der 
Chmaalkaloide,’ by Oomanduci (Sammiung 
chein u chem Voiti.ige, 1911, 16 , Bande, 4-7), 
and Babe’s and Kaufmann’s articles in the 
Berichte and Annalen since 1907 

The constitution of cinchonine has been the 
most fully investigated of these alkaloids, and 
its relation to the other common alkaloids being 
simple, it IS an easy mattci to deduce their 
eon'^titution from that of ( inchonme 

Omchonine OjgHgsONg is a ditertiary base 
forming c// -alkyl iodide addition products On 
distillation with potassium hydroxide it gives, 
as the mam jnoiluct, quinoline, and a smaller 
amount of lepidine (4-methvlquinoline), showing 
that cinchonine has a methylqumolino nucleus 
Cinchonine may therefore be written 


Now, on oxidising cmehomne with chromic 
acid, the molecule is split in two, yielding about 
one-half its weight of cinehome acid (’toH7()2N 
(4-carboxyquinoIine) , and about half its weight 
of a syrupy mass consisting of a primary bociy, 
meroquinene CyH,4 COOH’N, and its secondary 
oxidation products, cmcholoipomc acid 

^'6 Hi,(OOOH)2 N 

and loipomc acid C5H9((^OOH)2N Cinchoninic 
acid IS evidently the product of the mcthyl- 
quinolme nucleus, and the other three acids the 
product of the ‘ second ’ half of cinchonine 
The primary oxidation produc't of the ‘ second ’ 
half, meroquinene, throws much light on the 
constitution of this portion of the cinchonine 
molecule, and is known to have tlu' formula 

OH CH. (H)On 

ch 2 /\(^h cm cm, 

ClD'v^JcH. 

NH 

Now meioqumene is a seeondaiy base, but as 
cmclionine is ditertiaiy, mcio((umene must be 
deiived fiom a portion of the ‘second’ half, 
having the formula 

LH-OH, C = 

CH.j^.CdtOH (‘TI2 

Cll\ Jlh, 

N 

This and the quinoline portion account for 
(Jij,IIigN2 of the cinchonine molecule, and there 
remains but (^[^(OH), for which positions must 
be found. 

On heating cinchonine with ai'etic acid it 
undergoes isomciic tiansformation into cinchoni- 
cine, a moleculai reairangimient in which the 
hydroxyl gioup vanishes, and a carbonyl groiqi 
appeal’s, the tertiary character of the ‘ second ’ 
half becoming secondary at the same time 
This IS a change which Babe’s reseaiches have 
shown to be effected by this grouping — 

n r 

— CH(OH)— C^H— N— — 00— CHa NH 


C,HeNO,oHieON 

On treatment with the halogens, or haloid acids, 
it forms addition products, taking up 2 atoms 
of halogen or 1 molecule of acid, a fact pointing 
to the pre^sence of a vinyl group By the action 
of permanganate in the cold, a body, cinchote- 
nine, which does not contain the vinyl group, 
IS formed, and an atom of carbon is split off 
as formic acid, thus • 

O.HflN CsHi 30 N(CH • CH2)-h4() 

Cmcliomiie 

CgH^N CsHiaON COOH+H COOH 


This supplies the last link required in the 
cinchonine molecule, which may now be formu- 
lated as the basis of the cinchona alkaloids . — 


X 


N^ 


(2) (1) 

CH,— (5H— CH B 

1 

OII2 

I 

CH2 

1 

CH(OH)— CH— N — CH, 
(4) (3) 


Cincliotenine Formic acid 

The vinyl group probably exists, therefore, m a 
side chain. Cinchonme and cincliotenine both 
contain a hydroxyl group, giving mono-acetyl 
derivatives. This completes the knowledge of 
the simpler groups in cinchonine, which can now 
be written CgHeNC8H,2(OH)(CH : CH^)^ There 
remains the constitution of the C^Hia portion 
to be elucidated, together with the positions of 
the hydroxyl and vinyl groups. • 

VoL. IT.— T 


In cinchonine, cmchomdine, cmchonicmo, 
quinine, quinidine, and quinicme K = — CH CH ^ . 

In hydrocinchoninc, hydrocmchonidine, hy- 
droquinine, and hydroqumidino B= - CH^ CH3 
In cinchonine, cmchonidme, cmchonicine, 
hydrocmchomne, and hydrocmchonidine X=H. 

In quimne, qumidme, quimcine, hydroqui- 
nine, and hydroquimdine X=OCH3. 

In cupreine X—OH (with phenolic proper- 
ties). 
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(^inchonicino and quimcinc have tho ketonic 
grouping at carbon 4, an mdicat(‘d above 

The numbered carbon atoms are asym- 
metric , and tho isomerism among these alkaloids 
IS fiequcntly due to the spatial arrangement 
around the carbon atom 3, since the asymmetry 
of tlie other tin eo carbon atoms 1 , 2, and 4 may be 
destroyed witlioiit inteifeimg with the isomcnsm 
of tho products (Rabc, Annalen, 11)10, 373, 
85) 

It may be noted here that in the d^tertlarv 
liases fluorescence only occurs in those in which 
X = ()( dl.„ oi a higher alkyl group The toxicity 
of these alkaloids also appears to increase as 
the alkyl group m the X position increase-s from 
methyl to octyl 

The known conversions of one alkaloid into 
another may be given 

Cinchonine or cinchomdmo on heating with 
moderately strong sulphunc acid is converted 
to cmchonicmo ; quinine or (pimidme yielding 
on similar treatment quimcme (Pasteur, Compt 
rend 1853, 37, 110, lOG) 

By heating cunehonmo in amyl alcohol 
solution with potassium hydroxide part is 
converted to einchonidme (Kdnigs and Husman, 
Ber 1890, 20, 2185) 

Cupreine is converted to quimne by heating 
at 100°C under pressure with sodium and 
methyl chloride in methyl alcohol solution 
(Grirnaux and Arnaiid, (,^ompt rend 1891, 112, 
77(), 1304) Similarly, higher alkylated bodies 
may bo pre[)ared Hydroquinmo, when heated 
under pressure to 140° with hydrochloric acid, 
sp gr J *125, or boiled with hydiobromic acid 
sp.gr 1 49, or hydriodic acid sp gr 17 is con- 
V€‘rtod to hydrocupreme, its mothoxyl group 
being replaced by —OH (Hesse, Annalen, 
1887, 241, 255; 'Pum, Monatsh. 1895, 10, 
73). 

Tho hydro- bases (m which R=— CH^ ('H3) 
may bo prepared from their respective un- 
satiirated alkaloids, dissolved in dilute sulphuric 
acid, by tho action of hydrogen under pressure 
in the presence of palladium black (Eng Pat. 
3948, Feb 16, 1912) Cmchonicme has been 
converted to cinchonine by Rabe (Ber 1908, 41, 
67; 1911,44,2088) 

Kaufrn.inn and Huber have converted 
hydrocinchomcine into a mixture of hydro- 
cinchonine and hydrocmchomdine (Ber 1913, 
46, 2913) 

No complete synthesis of any of the cinchona 
alkaloids has been effected, although bodies 
very closely related to them both in structuial 
formula^ and medicinal properties have been 
obtained (Ber 1913, 46, 1032 and 1823 ; 1917, 
50, 144) Robinson has suggested by an 

ingomous method a possible phytosynthesis of 
those bases from formaldehyde, ammonia, and 
an acetone derivative It is interesting to note 
that Perkin discovered the aniline dyes whilst 
trying to S3nithesi8e these bases. 

Therapeutic Value — Tho first work of 
importance on the comparative therapeutic 
effect of the various alkaloids was in 1868. 
when an Indian medical commission reported 
on the relative efficiency of tho four .pnncipal 
alkaloids then commercially obtainable in 
the treatment of malaria This commission 
placed the alkaloids in tho following order of 
efficiency : 


, . I Quinine 
\ Quimdmc. 

3rd Cmchomdme. 
4 th Cinchonine. 


At about tho same time, J E Howaid 
; repoited, as a result of his administration to 
j patients suffering from tho mild English malaria 
or ague still common at that time m the Essex 
marshes, that ho considered quimne and cmcho- 
nmo equally effective, and cinchomdme and 
quimdmc spmowhat less satisfactory Of late 
yeais tho re-soarchos establishing tho constitu- 
tional formiihc of these alkaloids has led 
pharrmicologists to study the particular arrange- 
ment of the groups m the molecule which has 
the greatest effect in malaria prophylaxis and 
other uses of quinine, and these researches, 
though at present incomplete, are bemg actively 
pursued m various directions. 

The modern uses of the cinchona alkaloids 
may bo divided roughly under four headings 

1 In small <loses as a tome and slmnachic 

2 an antimalarial remedy, acting as an 
agent that will destroy the malaria parasite 
The most comprehensive work hitherto publLshed 
IS that of Major A C. MacGilchrist (Indian 
Journal of Medical Research, 1914, 2, 315 and 
516; 1915,3,1) 

About one-third of the quinine ingested 
undergoes cleavage of tho molecule in the body, 
but whether it is this decomposed portion or 
tho remaining two -thirds of tho dc^sage which 
possesses its antimalarial properties appears 
not as yet to have been determined. Tho 
cleavage would appear to be the breaking off of 
the ‘ loipomc ring ’ (or second half) from the 
ci[uinolmo ring portion of tho molecule, the f 01 mer 
yielding some such nucleus, as is described by 
Koenigs under the name of ethyl-qumuclidme 


CH 


H^O CH, CHCJTg 

I I I 

CH, ! 


11 .c 




CH., 


It would appear that the methoxy group 
or —OCHg side chain of quimne and hydro- 
quinine render tho specific action greater than 
those alkaloids, such as cinchonine and cupreine, 
which do not possess it Following up this 
side chain theory, efforts have boon made to prove 
that by increasing the value of this group as in 
ethyl hydrocupreme, or its more highly alkylated 
homologues, the antimalarial effect is still 
further increased. Results have not so far been 
very conclusive, and tho point remains to bo 
estabhshed m the future. 

Another channel in which much investiga- 
tion has recently been conducted is in the 
qmnotoxm group of compounds These have 
for many years been administered as a febrifuge 
under the name of qumoidme, which is really a 
mixture of quimcme, cmchonicme, diquinicme, 
and dicmchonicine The present researches, 
which are being carried out with the individual 
bases obtained m as pure a state as possible, 
depend upon the theonr that the qumicme or 
qumotoxm molecule, tor instance, owing to 
the open?ng up of tho * loipomc ring,’ possesses 
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a greater specific action than the corresponding 
‘saturated ’ molecule 

Those researches are still incomplete, but if 
the fact were established that, owing to its 
increased specific action, qumotoxm could bo 
administered in a very much reduced dosage as 
compared with quinine, then owing to the com- 
parative simplicity of its preparation, it might 
well form a formidable rival to the natural 
alkaloids of commerce 

3. In trcMmcnt of Pneumonia — Most of the 
work m this direction appears to ha<re followed 
the ‘ side-chain theory,’ and to have been carried 
on with ethyl hydrocupromo which was before 
the war manufactured in Germany and sold 
in small quantities on this market under the 
registered name of ‘ Optochin ’ No work has, 
up to the present, boon publLshod to show 
whether a further increase in the side chain to 
the higher homologues renders tins treatment 
more effective 

Apparently the results obtained up to 
August, I91H, do not show any maiked 
superiority over the oidinary eommcicial 
alkaloids. 

4 As an Aniisepiic in the treatment of irouiu/^ 
— A considerable amount of work has been 
done in Germany on the use of the lugher 
alkylated homologues of the hydiocupieino 
senes as a wound treatment m war surgery 
Prof Klapp, following on the work of Morgenroth 
and Tugendreich (Pharrn Zoit Nov 7, 1917, 
()03 ; and Dent Med Woch 1917, 44), claims 
that, by lengthening the aide chain as far as the 
isoctyl member of the hydiocupreino senes, he 
has obtained an antiseptic superior to any 
known wound dressing He claims that this 
comi:>ound has 20 times the powei of quinine, 
and 10 tunes that of ethyl- hycuocuproine, in the 
destruction of streptococci 

These comparative results are quoted as 
having been obtained ‘ m vitro,’ and must 
therefore be accepted with reserve , and time 
alone will show whether this treatment will 
really be found to be superior to the far simpler 
and cheaper Dakin’s solution or the highly 
satLsfactory ‘ ohloramine-T ’ treatment. 

Although the precise i elation between the 
constitution of the alkaloids and their thera- 
peutic value has clearly not been established, 
enough work has been done to indicate a possible 
future for derivatives of cinchona alkaloids 
either of the ‘ unsaturated ’ (quinotoxm) or 
of the ‘ increased side chain ’ type, which from 
the purely scientific and medical point of view, 
might bo of even greater importance than the 
present universal use of the parent alkaloids as 
one of our few standard remedies 

General Properties of the Cmchomi Alkaloids. 
— These bases are mostly white crystalline non- 
odorous bodies, with a bitter flavour and strong 
basic properties, some being sufficiently powerful 
to displace ammonia from its salts. On heating 
strongly they decompose, evolving fumas of a 
colour resembling iodine vapour, and with a 
qumolimc odour. They are very slightly 
soluble in water, but are fairly readily soluble 
in organic solvents, there being, however, 
notable exceptions Acids dissolve these alka- 
loids forming two series of salts, neutral and 
acid, of the general types B2H2SO4 and B*H2S04. 
Even more a.cid salts of the type B *2^1*804 are 


obtainable in some cases. These salts are 
generally white crystalline bodies, of very 
varying solubility m solvents generally, and 
witn a very bitter taste Solutions of the salts 
in water when treated with alkalis precipitate 
the alkaloid, with the exception of eupremo, 
which, being phenolic m character, is soluble 
m alkalis 

A strong blue fluorescent solution is obtained 
with many of these alkaloids when dissolved in 
dilute sulphuric acid, viz quinine, quiuidine, 
hydroqiiimnc, hydroqumidme, diquinieiiio This 
IS a very delicate test whicli is best seen by 
roilected light The haloid salts do not show 
this fluorescence, which is also destroyed by 
adding a haloid salt or hyposulphite to the 
sulphuric acid solution 

All the cinchona alkaloids have, in solution, a 
maiked lotatory influence on polarised hglit, 
winch Ls aff(‘ctcd by the temperature of tho 
solution, tho solvent employed, the concentra- 
tion, and the amount of acid present Witli 
mineral acids the m.iximum lotation is observed 
when tho acid is present in little more than the 
amount to form the acid salt , but with 01 game 
acids a much gi eater amount of fice acid is 
icquired. 

When certain of these bases are tioated in 
dilute solution with chlorine- or bromine-water, 
followed by ammonia added drop by drop, a 
deep giCcn colouration or precipitate is obtained 
This IS known as tho thallcicnjuin test {t hallos, 
a young twig), and i.s given by quinine, qinnidino, 
qiimicme, hydroquiniiic, hydnxiuinidi no, cup- 
reine, and diqumicino 

The cinchona bases aie di-tcitiary amines 
forming mono- and di-alkyl iodide adchtivo 
compounds 

The hydiochloridcs of the bases form double 
compounds with seveial metallic chloiides, of 
which the cliief arc . (a) the ehlorozmcates of 
the general foimula B,2H(!l,Zn('l2 ; (/>) tho 

chloromercurates B,2HCl,Hg( H, , (t) the chloro- 
aurates B,2HGl,AuGl3 ; (d) the^platinochloiides, 
of which there are two types, B,2HCl,Pt(Jl4 and 
B2,2HCl,PtCl4 Of these (c) and (d) have 
been much used m the detciimnatiou of tho 
molecular weights of tho bases 

Tho cinchona alkaloids are neaily completely 
precipitated from solution by tanmc, picric, 
or phosphotungstic acid, potassium mercuric 
iodide (Mayer’s reagent), and potassiu m bismuth 
iodide (Dragendoiff’s reagent) 

Methods of Extractinq the Alkaloids of 
Cinchona Barks — Before extracting the bark it 
must bo treated in such a manner as will ensure 
the alkaloids bemg in a suitable condition for 
extraction For this purpose the baik must 
bo in a finely powdered condition, tho finer tho 
powder the more rapid and thorough bemg tho 
extraction Tho whole of tho bark should be 
ground to pass a sieve with at least forty meshes 
to the linear mch This point is of special 
importance in assaying, as cases are known m 
winch the harder portions of the bark (which 
might be rejected as gruffs if the whole were not 
finely ground) are richer in alkaloids than the 
softer parts. The next stage m the process 
IS that of liberating 'the alkaloids from their 
combinations with the natural acids of the bark, 
m order to render them soluble in the solvent 
employed. This is effected by moistemng the 



2^0 


aNCHONA ALKALOIDS. 


bark with a dilute alkali, or by mixing it with 
lime and damping with warer, and allowing to 
stand for some hours The whole may then 
be dried, powdered, and extracted with chloro- 
form, other, petroleum spirit, or a mixture of 
these ; or the damp bark may be extracted 
direct with petroleum, amyl alcohol, benzene, 
naphtha, or mixtures of tlieso Thus Landrin 
(Compt. rend. 1889, 108, 750) and Zebel (Chem. 
Zeit. 1891, 15, 735) de^iciibo processes using 
petroleum; the Brit Pharm. 1914, directs the 
use of a mixture of 3 volumes of benzene and 
1 of amyl alcohol ; while the U.S Pharm 1916, 
employs a mixture of 2 volumes of ether and 
I volume of chloroform On the large scale 
the solvent employed will naturally be the 
cheapest, while on the small scale, wlieie an 
eflicient reflux extraction apparatus can be 
used, chloroform or ether are convement 

Zebel (/ r ) desenbe^s the commercial process 
thus : The finely powdered bark is ground to a 
thin paste with lime, sodium h\droxide, or 
sodium carbonate, and extracted with warm 
paraffin oil On standing the oil separates, 
when it IS run off and shaken with sulphuric 
acid ; this acid solution is boiled, and while 
boiling IS neutralised (to litmus papei) with 
sodium carbonate and allowed to cool Quinine 
sulphate crystallises out on cooling, while 
cinchonidine, cinchonine, and (piinidine remain 
m solution as sulphates The quinine sulphate 
is purified by recrystalhsation from water after 
treating witli animal charcoal The niothei- 
liquor containing the other alkaloids is treated 
with sodium hydroxide and the iirecipitate 
treated with dilute alcohol Of the three bases 
precipitated, quinidine and cinchonidine are 
dissolved by the alcohol, while cinchonine is left 
behind ; the two former can then be separated 
by means of their neutral tartrates, that of 
quinidme being considerably the more soluble 

Landrin {I c ) gives this descnption of the 
small scale extraction 300 giams of baik are 
powdered and jiassed through a No 40 sieve, 
then mixed thoroughly with 1 litre of milk of 
soda-lime containing 75 grams of quicklime and 
75 grams of solution of sodium hydi oxide 
(sp gr 1 375) To this mixture, diluted if 
necessary by adding a little water, 2 litres of 
petroleum are added, heated to 100° for 20 
minutes, with constant agitation ; the oil is 
then decanted, and the extraction repeated 
with a second 2 litres The 4 litre's of extract 
are washed twice with 75 cc oflOpc sulphuric 
acid added to 150 cc of water, and a third 
time with one-third of these quantities. 

The Biitish Pharmacopeia, 1914, method is 
as follows • 10 grams of the bark in No 60 powder 
are mixed with 6 grams of slaked lime, and the 
whole moistened with 22 c c of water and 
allowed to stand for 2 hours This is tiansf erred 
to a flask provided with a reflux condenser 
and boiled with 130 c c of benzolated amylic 
alcohol (benzene, 3 volumes ; amyl alcohol, 

1 volume) during 30 minutes The liquid is 
filtered off and the treatment repeated twice, 
the mixture of bark and lime being finally 
transferred to the filter and washed with the 
solvent till exhausted 

The U S. Pharmacopoeia (9th revision, 1916) 
process is : Introduce 5 grams of cinchona in 
No 40 powder into a 5()b c.c. flask, and add 


200 c c of a mixture of chloroform and ethpr 
(1:2) Stopper the flask, shake it well, and 
let it stand 10 minutes. Then add 5 cc of 
ammonia water, shake the flask frequently for 
1 hour, and let it stand from 8 to 10 hours. 
Now add 10 c c of distilled water, shake the 
mixture thoroughly, and when the drug has 
settled decant 160 c c of the solution, represent- 
ing 4 grams of cinchona. Filter through a 
pledget of punfied cotton into a separator, and 
rinse both cylinder and cotton with ether. 
Completely extract the alkaloids from the 
chloroform -ether solution by shaking out 
repeatedly with weak sulphuric acid. 

An older method of extracting the bark, 
due to de Vni, was that of treating the powdered 
bark with a large excess of milk of lime, diying 
! down and extracting with alcohol But this 
has been entirely given up owing to the great 
amount of colouring matter extracted with the 
alkaloids, and the consequent difficulty in 
purification 

Assai/ of Cinrliova Bail's — 3’hc accurate 
assay of a bark is much moio difficult than 
appears at first sight owing to the obstinacy 
with which one alkaloid will foim more or less 
definite compounds with the others when crystal- 
lising as alkaloid or salt, and also on account 
of the changes in its solubility in solvents when 
varying quantities of other alkaloids aie present 
For these leasons a process of assay giving good 
results when, for instance, a Le^er bark, m 
which quinine is the mam constituent is 
tested, will not be accurate for a Succirubia 
bark in which the cinchonidino and cinchonine 
usually exceed the quinine in amount A 
knowledge of the type of bark being assayed, 
and of its alkaloidal contents, is therefore of 
great importance, the experienced analyst 
being able to foretell the state of purity of his 
vaiious precipitates and so regulate his analysis 

A ‘full’ analysis of a baik usually consists 
of the estimation of the quinine, qumidme, 
cinchonidine, cinchonine, and total amoiqjhous 
alkaloids To obtain satisfactory results a 
quantity of alkaloid of about 5 giams should be 
available It is desirable to stait the assay 
with the estimation of the total alkaloids, as 
the subsequent work is simplified by so doing 
and the result is a useful check on the estimation 
of the individual alkaloids For this purpose 
it IS only necessary to evaporate the extract 
obtained b\ any of the methods described under 
the previous heading to constant weight ; or, 
in the case of the paraffin and sulphunc acid 
extraction, to make alkaline with sodium 
hydroxide, wash out with chloroform, and 
evaporate to dryness Dry to constant weight 
at 100°-110°. Having obtained the weight of 
total alkaloids, add 3 c c of 10 p c sulphuric 
acid for every giam of alkaloid, and warm on 
the steam-bath till completely dissolved Then 
add 80 e c of distilled water for every gram of 
alkaloid, boil, and while boiling neutralise 
exactly to litmus paper with dilute ammonia 
solution (10 pc) On cooling for 2 or 3 hours 
with occasional stirring practically the whole of 
the quinine will crystallise out as sulphate, 
owing to it being almost insoluble in ammonium 
sulphate solution. Filter through counter- 
poised filter papers on the filter- pump, press the 
crystals down well, pumping as dry as possible. 
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aud following with two washes of cold water 
each about equal m volume to the bulk of the 
piecipitate. The filter papem and crystals are 
now dried to constant weight at 100°. The 
weight of anhydrous quinine sulphate found 
multiphed by 1 18 gives the amount of rough 
hydrated quinine sulphate, or by 0 868 the 
amount of rough quinine alkaloid. This quinine 
sulphate is neither white nor puie, being usually 
contaminated with colouring matter and cm- 
chomdine sulphate, and requires fuithei treat- 
ment, for wliicli see under ‘ Quinine Sulphate.’ 
But with the present-day puie Ledgciiana barks 
the weight may be taken as leprcsenting the 
true amount of quinine sulphate, as m some 
thousands of analyses of this baik by the 
present writem the amount of quinine sulphate 
loft m the motlici h([uor almost exactly com- 
pensates for the impiii itics in the crystals weighed. 
It IS, however, a safeguard in all cases to te«t 
foi any undue amount of cinehomdine as 
described under ‘ Quinine Sulphate ’ 

’Po the mother liquor and washings fiom the 
crystals add about 20 giams of Rochelle salt, 
dissolved in 30 c e or hot water, and stii 
occasionally duinig 2 oi 3 hours Cinchonichne 
IS completely piecipitated as taitrate This is 
collected on counteipoijjed filter papom at the 
pump, washed with thico lots of cold water 
each about equal in bulk to the precipitate, 
which IS then dried and weighed. 'Plus weight 
multiplied by 0 707 gives the cmchonKhno 
alkaloid Should the baik contain \eiy little j 
cmchonuline, and no taitiatc bo obtained in the 
3 hoins’ standing, it is best to leave the solution | 
foi a full 24 hours to ensure complete precipita- 
tion. 'J’lio Idtrate tiom the cinchonidine taitiatc 
IS now evajioiated to one-half, lialf its volume of ^ 
methylated spnit and 5 giams of neutial ' 
potavssium iodide dissolved in 5 c c of watei 
aie added, and the liquid left for at least 2 
hours witli frcrpient stirring The quimdinc 
hydriodide is filtcied olf at the pump on a 
counterpoised filtei paper, washed with a little 50 ' 
p c methylated spnit, diied aud weighed 0 0008 
gram is added to this wciglit foi each 1 c c of 
filtiato and washings, which total multiplied 
by 0 7186 gives the quinidine alkaloid 'The 
filtiato IS made alkaline with sodium hydroxide 
and shaken with ether (fiee from alcohol) in a 
separator, the a([ueous poition diawn off and 
twice ag<ini shaktui with small quantities of 
ether, tlie other extracts bulked, allowed to 
stand 1 hour, and the cnichonnio filtered off on 
counterpoised paper's at the pump, two small 
washes with ether being given 'The cinchonine 
IS dried and weighed, and to its weiglit is added 
0 0027 gram for each 1 c c of liltrate and 
washings 'Phe ether evaporated to dryness 
and constant weight gives the total amorphous 
alltaloids, from which should be subtracted 
the weights added on as corrections for quimdine 
and cmchonmo. 

The above method is made up of the best 
points of the many published methods of assay, 
and will be found to give good results m mex- 
perienced hands For other methods, see 
Allen’s Commercial Orgamc Analysis, 1912, 
vol. vi 490-496. 

The British Pharmaconmia, 1914, specifies 
that the bark (C. succirubra) ‘ when used for 
official purposes other than the prepliration of 


alkaloids or thoir^salts, shall yield 6-6 p.c, of 
total alkaloids, of which^not less than half shall 
consist of quinine and cmchomdme. 'Piic 
method used is that of extracting the amylated 
bciucno solution of alkaloids (see above) with 
dilute hydrochloric acid, neutralismg the acnl 
solution with amrnoma, and precipitating the 
quiiiuio and cmehomdiiie togethoi as taitratcs 
by the addition of Kochello salt 'Phe remaining 
alkaloids aie then precipitated fiom the filtrate 
by amrnoma. 

The Umted states Pharmacopo'ia, 1905, pre- 
scribes 5 p c of total alkaloids and 4 p c. of 
I ether-soluble alkaloids [i c quimne, quimdinc 
I and cmchoiudme) 'This is earned out by 
I dividing the acid solution of the alkaloids into 
two equal portions, shaking one with ammonia 
and chloroform-ethei imxtuie to obtain total 
alkaloids, and the other with ammonia and 
ether for ethoi -soluble alkaloids The U 8 P , 
1916, omits the ‘ ether-soluble alkaloid ’ test 

'The Cleimaii PliaimacopiLia (1910) method 
consists of estimating the total alkaloids by 
extracting the chloroform-ethei mixtuio (1 3) 
with decmoimal aeid m excess, and titiating 
back the excess of acid ovei ibe neutral point 
with deemoimal alkali, using aleohoho hauna- 
toxyhn solution as indicator. 6 5 p c. of total 
alkaloids aio lequiied 

'Titiation motliods are liable to seiious 
errors and cannot bo recommended, but can 
be employed ixs useful rough checks on analysis 
I (Generally speaking, the fiee alkaloids are iK'utral 
to pheiiol-plithalem, tJie neutral sulphates 
I (B^ 11,804) neutial to litmus, brazil wood, 
lac mold, cochineal, and haunatoxylin, but 
alkaline to methyl-oiange, which loughly intb- 
^ cates the bisulpliato point (B 11^8()4) (Allen, 
Analyst, 1896, 21, 85; Tarr and Wright, 
Pharm J. 1894, 25, 124 , Messnci, Zeitsci) 
angew. Chem 1903, 16, 444 , Fngelhardt and 
Jones, Pharm J 1910, 30, 236, Katz, Bei 
Dcut. })haim Ges. 1910, 20, 316). 

' Oudemans (Annalen, 1876, 182, 33) lias 
strongly lecommendcd the polaiimetrio assay 
of the emchuna alkaloids, and a good deal of 
coiitioveisy has laged around the subject, 
the majority of the evidence appears to be 
against the method, owing to the difiiculty of 
obtaining the bcuscs m a puie enough condition 
for accuiato polaiimetiie leading (Hesse, 
Annalen, 1875, 170, 205, 187(), 182, 128, 

Koppeschar, Zeitsch anal. Cliem 1885, 24, 
362 ; Leger, J Phaim Chim 1904, 19, 427). 

Quinine and ifs Deiivatives and JSidts 
— Quinine alkaloid is usually piepared by pie- 
cipitating a solution of quinine hydrochloride 
with an alkali or ammonia, washing free from 
chloride and drying at a low tcmperatuie 
The commeicial aitielo is a soft white gianular 
odourless powder with micro-ciystallme stiuc- 
ture, and contains up to 11 p c H^O (dihydrate) 
It crystallises from ethereal solution below 10° 
j with SHgO (14 3 pc HgO), but the ethereal 
solution evaporated gives a resinoid mass con- 
taining IH2O (most other cmchona alkaloids 
give crystalline residues from ether) Alcoholic 
or ammomacal solutions deposit needles with 
3H2O, which rapidly effloiesee in the air above 
15° giving a dihydrate This is the composition 
of the commercial article, although most 
pharmacopeias require the tnhydrate. The 
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trihydrate loses all its water over sulphuric acid. 
It melts at 67°, and m estimating the moisture 
it IS therefore bcist to dry for some hours at 
40°~50°, then gnvdually raise the temperature 
to 100° In this way no melting takes place, 
and the dehydration is rapid. ()thcr hydrates 
containing 1, 8, and OllaO have been desenbed 
Anhydrous pure quinine melts at 174*9° It 
18 a stiong base displacing ammonia from its 
salts m liot solution, and neiitralLsing the 
strongest acids The pure base has a bitter 
taste, which develops slowly ; the commercial 
article is more bitter on account of the presence 
of impurities which give nuiro rapid solution 
Ammonium and i-alcium salts notably increase 
the solubility of the alkaloid in watci, while the 
alkalis render it less soluble The anhydrous 
alkaloid is soluble in 1760 jiaits of water, in 
3450 parts of jiotassium hydi oxide (5 p c ), and 
in 1890 paitb of ammonia (10 ]> c ) at 26°(^^ 
The tiihydrat(‘ is soluble in 0 8 paits of alcohol, 

I 1 parts of ililoiofoim, I 9 parts of ethei, 
212 parts of glyceiin, and KiO j^arts of benzene 
at 25°C Quuuno is Levoiotatoiy, the tiihydiate 

having in97 p c aleoholl — 145 2°-[ 0 057c 

''I’hc anhydrous alkaloid in ether has 
•= — 158 7M' 1 91 Ic, where ( 1 5~h 0 

'rile ehief impunti(*s likely to be met with 
m the commercial aiticle aie chloiides and 
sulphates of the alkalis or ammonia, limo salts, 
liydioqiimino, emchonidme, and cinchonine 
I gram sliould dissolve in a mixture of 6 e e. 
absolute alcohol and 3 e c ether to give a solu- 
tion remaimiig bright on cooling (absence of 
cmchonidmo and cinchonine, and inorganic 
salts) Hydioc£uinine, which is liable to occui 
up to 2 j) c , may be tested for as given imdcT 
‘ Quinine Sul])hale ’ 

Quinine is distinguished from the other alka 
loids by its leady solubility in ether, fluoiescent 
solution m dilute sulphuric acid (detectable 
to tlu' extent of 1 pait m 500,()0()), by the 
thaIleio(|um test, its insoluble neutral sulphate, 
taitrato and ehi ornate, and by its rotation 

The following are the inoio impoitant 
deiivatives of Cj[uinine — 

Quitenine /l^N^ or 

Ci-HisO OCH3 OOOHN, 

(8kiaup, Annaien, 1879, 199, 348). This feeble 
liasc', togethei with formic acid, is obtained 
when quiiime is oxidised with peiinanganato in 
acid solution at 0°, and beam the same relation 
to (|uinme as cinchotenme does to emchonine 
(bce ‘Constitution’) The quitenmc is earned 
down by the oxide of manganese, from which it 
may be extracted with 40 p c alcohol On 
c'oneentration and filtiation epntenmo comes out 
m iliombic prisms eontaming 411^0, slightly 
soluble in water, insoluble m ether, but dissolves 
in acids and alkalis. Quitenmo is identical 
with Kerner’s dihydroxycpimine (Zeitseh (9iem 
1869, 5, 593) It gives the thalleioquin leaetion, 
and dissolves in dilute alcoholic sulphuric acre! 
with fluorescence It is laevorotatory, giving 
[ajj^== — 142°; mp of anhydrous base 228° 
It gives a sulphate B3*2H2S04,15H20 in fine 
neeclles Heated with sulphuric acid it is 
conveited into an isomenc amorphous dark red 
base, quitemcine^ very soluble in water. Its 


constitution is that of quinine in which the vinyl 
IS replaced by a caiboxyl group Heated with 
hydnochc acid (sp.gr. 1*7) its methyl gioup is 
eliminated, and a new base, qmtenol, is obtained 

Quitenol OH COOH Ng crystal- 

lises in fine needles containing IH^O, very 
slightly soluble in water, alcohol, or ether. 
It dissolves readily in acids and alkalis, being 
precipitated fiom the latter by CO2. It gives 
the thalleioquin reaction, and a red colouration 
m hydiochloiic acid solution with ferric chloride 
Quitenol bears the same relation to quitenine, 
that cupreine does to cj[uinino (Buchci, Monatsh. 
1893, 14, 598). 

Quininic acid (J^Hg OCH-, COOH N (6-meth- 
oxy-4-carboxycimnolino) 'J^his acid is obtained 
on oxidising quinine with chromic acid, being 
the p-methoxy derivative of cmehonimc acid 
deiived from cinchonine under similar tieat- 
ment (Skraup, Ber 1879, 12, 1104, Comstock 
and Konigs, Ber 1884, 17, 1984 , 1886, 19, 

2853) It forms yellowish prisms, almost 
insoluble in water, very soluble in acids and 
alkaloids It is slightly soluble m absolute 
alcohol, giving a beautiful blue fluorescence, 
which IS destroyed by water or acids Heated 
with fuming hydiochloiic acid under pressure it 
loses its methyl gioup, yielding a phenolic body 
! :t(tnth(x/ui7unic acid ('gHg OH COOIl N 

Meroquinene (.'ellioCIl CH^COOHNH {v 
‘ Constitution ’ (8kraup, Monatsh 1903, 24, 
298)) This body forms small colourless needles, 
m p 223°-224°, vciy soluble in water and acids, 
<dmost insoluble m alcohol It is an interesting 
(‘xarnple of a body in which the acidity of the 
carboxyl group is neutralised by the alkaline 
propel ties of the lemamdei of the molecule 
i |a]i) m 10 p c aqueous solution -}"27 9°. It 
leadily forms esk^rs On oxidation with chromic 
acid it gives cincholoij)onic and loipome auds. 

Cincholoiponic acid CeHio(COOJl) ,NH This 
acid IS deiived from meroquinene by the oxida- 
tion of the vinyl group It combines both wi4lk, 
acids and alkalis It foims rhombic prisms 
containing IH^O, melting at 12()°-127 , and 
when anhydious, at 225°-22()" It is a dibasic 
acid and a secondary Kisc (Skraup, Monatsh 
1896, 17, 372 , 1900, 21, 879) When the hydro- 
chloride of this acid IS heated with lesorein 
and concentiatcd sulphuiie acid, or zinc chloiide, 
a fluoiescem is foimed, which indicates that the 
two carboxyls aie in an ortho position to each 
other (Muller and Rohde, Bci. 1894, 27, 1188). 
A great deal of work lias been done on the con- 
stitution of this acid, for upon it depends the 
proof of tlio constitution of the ‘ second ’ half 
of the molecule of the cinchona alkaloid For 
later work on its steieoisomerides, see Konigs, 
Ber 1901, 34, 4336; Wohl, Ber 1907, 40, 
4693,4711, 1909,42,627 

Loiponic acid C5Hg(COOH),NH (hexahydro- 
pyridme-3 4-dicarboxylic acid) e. ‘ Constitution ’ 
Piismatic crystals, m p 259°-260°, fairly soluble 
in wak^r, easily soluble in alkalis and mineral 
acids (Hkiaup, Monatsh 1806, 17, 366) 

Quinine chloride C20H23ON2CI Tims body is 
formed when dry quinine hydrochloride is 
treated with phosphorus pentachloride m 
chloroform solution, the hydroxyl group of the 
quinine being replaced by chlorine It has 
basic properties, melts at 151°, gives the thalleio- 
1 quin reaction, but does not fluoresce in acid 
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solution (Comstock and Komgs, Bor. 1884, 17, 
1984; 1885, 18, 1219, 1892, 25, 1545) On 
treatment with alcoholic potash hydrochloiic 
acid 18 eliminated with the formation of quinene. 

Quinene C 2 oH^ 20 N 2 , 2 H^O foims huge ihom- 
bic crystals melting at 81®-82° On hydrolysis 
with 25 p c phospjfionc acid it yields meioqui- 
none and p-mothox}^lepidme (Koiiigs, Ber 1890, 
23, 2669, 1894, 27, 900; 1895, 28, 3143, 

1896, 29, 372) On heating with HBi (sp gr 
1 49) quinene yields apoquincne (^-oxyapocin- 
cheno), thus . 

02oH220N2+HBr-f-H20 

^^loHigO^N+CHaBr f NH3 

Apoquinene C^gHj^OgN forms crystals melt- 
ing at 24(r, very slightly soluble in water, 
benzene, 01 ethei, leadily soluble in alcohol 
Its solutions in sochum hydi oxide 01 dilute 
hydioeliloiic acid aie yellow (Komgs and 
('omstock, Hei 1885, 18, i22() , 1886, 20, 2()75) 

Quininone ('.oH.oO.N^ (p-methoxycmchom- 
nono) is obtained by carefully oxidising (]uinino 
(or quinidinc) with cliroinie add in the 211 essence 
of acetK acid Treated with mtious acid it 
yields (jiiiniiiic a(*id, and an oxime which s])lits 
ujj on liydiolysis into nKuoquineiK' and hydioxyl- 
aminc (Rab(‘, Her 1907, 40, 3()55 , 1908, 41, 
62, Annalen, 1909, 365, 353, 1910, 373, 85, 
1911, 382, 365) Uiion this hydiolysis Kabe has 
based Iils foinuila for the cinchona alkaloids 

p 89) 

Dihydroquinine (520*^26^^2^^ Schutzenbeiger 
(Annalen, 1858, 108, 348)" obtained an oily 
body by the action of zinc and suliih uric acid on 
quinine, which he named diliydroqiiinme This 
IS not the diliydroqumine of commeice, v 
Hydioquinine (Hesse, Bei 1882, 15, 854, rum, 
Monatsh 1895, 16, 72) 

Tetrahydroquinine C 2 oll 28 (* 2 N 2 obtained 
by the action of sodium ami alcohol on quinine 
(Lippmann and hleissncr, Monatsli 1895, It), 
630), also by electiolytic reduction (Fieund 
and iliedenbcTg, Annalen, 1914, 407, 43) 

Dichlorquinine C,oH, 4 N 2 C 2 ('*2 formed 
when ( 2 uinine hydiochloiide, dissolved 111 a 
mixtuio of acetic and hydioehloiic acids, is 
treated with 1 molecule of chloiine It is a 
colourless amor|)hous compound, melting at 
97°, and closely resembles quinine 111 its eheimcal 
behaviour Treated witli alcoholic potash it 
loses 2H(11, yielding dclu/dioqtiininc (5,(,H22(LN2 
By the fuither action of chlorine on tluhloi- 
quimne, a tetra-chloimated body (v\gH2o02N2(44 
IS obtained (Christensen, Ber Deut 
Ges 1915,25,256) 

Hydroxychlorquinine C2oH2402N,(4 OH is 
obtained as an amorphous colourless 2 )owder, 
m p 110°, when quinine dissolved in cold (blute 
hydrochloric acid is treated with 1 molecule 
of chlorine dissolved in water (Chiistensen, 
ibid ) When 3 molecules of chlorine aie 
employed a tri-chlonnated body Cl, 

IS obtained 

Tetrabromquinine (5,oH2402N2 Br 4 , obtained 
by treating quinine dissolved in suliihuiic acid 
with excess of bromine-water. It is a yellow 
amorphous body with an odour of biomine. 

Tribromquinine C.oH 24 () 2 N 2 ,Br 3 , obtained by 
treating an alcoholic solution of tetrabrom- 
qiimine with H 28 . 

Dibromquinine C2oH2402N/Br/-f2H20 is 


obtained from the mother liquor of iiibiom- 
quimne by precipitation with ammonia Another 
anhydrous dibromquinine is obtained by acting 
on a cliloiofoini-alcohol solution of cjuiiunc 
hydrochloiide with biomine dissolved 111 chloio- 
forrn (Comstock and Komgs, Ber 1892, 25, 
1500) 

lodoquinines. By the action of lodme dis- 
solved in alcohol or potassium iodide many 
badly dclined lodoqummes have been obtained, 
eq 4B312, 4B51, B HI J, B 2H1, B HI I 4 
(Bauer, Aich Hharrn 1874, 5, 392) 

Hydrochloroquinine C20H26CIO2N2, obtained 
by tieatmg quinine at low tem 2 )erature with 
11(3 saturatecl at - 17°, m 2 > 186°-187°. In- 
soluble in watei, soluble m ethei 01 methyl 
alcohol It shows lluoiesccnce and gives the 
thalleioquin reaction (Quinine is regeneiated 
on treatment witli alcoholic i^otash (Comstock 
and Komgs, Bei. 1887, 20, 2510 , 1892, 25, 
1539) Hesse obtained this body by licatnig 
quinine with HC3 (si) gr 1 189) at 85° (Annalen, 
1868, 147, 241) 

Hydrobromoquinme C2oH26llH)2N2 ih ob- 
tained by treating quinine liydiobromide with 
UBi saturated at - 17°C. at a low tenqieiatuie 
tor 5 days It is soluble in ethei, but its 
sul 2 )huiic acid solution does not lluoiesco 
(Comstock and Komgs, Ber. 1896, 29, 803) 

Hydroiodoquinine C2oH26l()2N2, obtained by 
treating quinine witJi HI (sp gr 1 9) on the 
watei -bath foi 1 hour Crystals melt at 150°- 
155° Soluble in ether, from winch crystals 
containing J(C 2 H 5)20 are obtained Its solu- 
tion in suljihuric acid is huorc^scent, and gives 
the thalleio( 2 Uin test Heated with alcoholic 
liotash it yields a mixtuie of quinine, 2 )seudo- 
([uininc, isoquinme, and niquine (Skiaup, 
Monatsh 1893, 14, 431, 446, Lqipmann anti 
Fleissner, ihid. 1891, 12, 327, 372, 1892, 13, 
429 , 1893, 14, 553) 

Apoquinine (5jgH2o((9H)2N2 is obtained by 
heating quinine under pressure to 145° with HI 
(sp gi 1 25- 1 35) It is an isomeiide of cup- 
leme, which is also con veiled to apoquinine by 
lieating under pressure with HCl (sp gr Id 25). 
It ciystalhses m large needles of in ji 210 °, and 

--178 1 ° for a 2 pc solution in 97 pc 

alcohol 3’ho acid oxalate B 2 3 C 2 HJG 4 and 
lodohydiate B 2Hl crystallise readily It gives 
similar addition products to quinine with the 
haloid acids, hydioiodoapoquinmo yielding on 
treatment with alcoholic potash the isomer 
isoapoqiantne melting at 176° (Lippmann and 
Fleissner, Monatsh J891, 12, 332 , 1893, 14, 
553; 1895, 16, 33, Mauther, Bor. 1895, 28, 
1972) 

Derivatives Isortieiit with Quinme — Niquine 
(u 9 H 24 (LN 2 [see Hydroiodoquinine) This 
alkaloid behaves very similarly to quinine, 
forming similar salts, addition products, &c. 
Its sulphuric acid solution fluoresces, and it 
gives the thalleioquin reaction. It is soluble in 
alcohol, ether, chloroform, or benzene , slightly 
soluble m boilmg water, from which irystals 
contammg 2 H 2 O are obtained, — 129 2° 

for a 1 p c solution m 98 p.c. alcohol (Skraup, 
Ber. 1892, 25, 2911, Monatsh. 1893, 14, 428, 
Lippmann and Fleissner, Monatsh. 1893, 14, 
553) By treating the bihydriodide of hydro- 
lodo-niquino with alcoholic potash niquine is 
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Ill pait reformed together with an isomer 
isomqume. 

Isoniquine Cu,H240^N2 crystalhmes from 
alcohohin the form of benzoic acid and melts at 
208°-209'’. It shows lluorcscenco m sulphuric 
acid, and gives the thalleioqmn reaction (Skrauj), 
Lippmann and Fleissner, I c) 

Pseudoquinine C20H24OJN2, an isomer of 
quinine (y iiydnodofjiiiniiK'), forms prisms 
melting at It is not very soluble 

m ether, readily soluble m alcohol , [a|j^= — 164 4® 
for a I p c solution in 98 p c alcohol 

Isoquinine C20H24C2N2, an isomer of quinine 
{v hydioiodoquinme), crystallises in needles, 

melting at 185"^ -186®, and liaving — 186 8® 

for 0 9 pc solution in 97 p c alcohol It is 
readily soluble in ethiu* and benzciK*, very slightly 
soluble 111 boiling watei, and icaets geiieially 
like qummo (Skiaup, Monatsh 1893, 15, 433, 
1894, 16, 37). Hesse luus also named a base 
iso(piinm(‘, wliK h he obtained by the aetion of 
conecntrated H2SO4 on quinine at 120®-13()®, 
01 by heating with glyceiin at 180®~210® (Anna- 
Ion, 1874, 174, 340, 1875, 178, 253, 1888, 

243,149, 1893,276,103) 

Quinicine (qumotoxin) C^yIl2402N2, an isomer 
of quinine, was first piepaied by L^asteur in 
1853 by heating quinuK' bisulphato with a little 
water at IbO®, and aftt^rwards isolated from 
qumirio tails by Howard ((!hem. Soc Trans. 
1871, 24, 61, ‘ 1872, 25, 1011) It forms a 
reddish-yellow amorphous m<iss melting at 
about 50°, neaily insoluble in water, soluble m 
ehloroform, ether, and alcohol, the latter solu- 
tion rapidly absorbing CO^ fiom the air It 
forms salts of which the oxalate C2H204,9H20 
bitartiato B (/4HgO(j,6H20, sulphocyanidc 
B HCN8,JH/) 

hydnodide B H^H/), chloroplatiiiate 
B H,PtCl«,2H20 

and aunchloiidc are eiystalline Hesse also ob- 
tained a crystalline sulphate B, If2S04,8H20. 
It is completely precipitated fiom its solutions 
by excess of potassium thioeyaiiate as an oil 
rapidly becoming crystalline [a]^^-=-f 44 1° for 

a 2 p c. solution in CHClj It gives the thallc- 
loqum reaction, but does not show fluorescence 
in sulphuric acid solution. It is soluble m 
ammoniacal salt solutions, from which ether 
extracts it (separation from other cinchona 
alkaloids). (Hesse, Aimalen, 1876, 178, 213; 
Miller and Kolide, Bci 1895, 28, 1058 ; Skraup, 
Monatsh 1899, 20, 573 , Howard and Chick, 
J Soc Chom Ind 1909, 28, 53; Pharm. J. 
1917, 99, 143 ) 

Qinmne Salts — Quinine sulphate 

B 2 H,SO„7iH20 

This salt occurs as win to light silky needles, 
odourless, but with an intensely bitter taste. 
The hydration is rather indefimte, being recog- 
nised as SHgO by the French Pharmacopaua 
(-16 17 p.c ), 7iH^O by the B P. (-15-3 p c ), 
and 7H2O by the USP. ( = 145 pc) It is 
completely dehydrated at 100°. Exposed to the 
air it loses water until 2tIjO remain (=4 8 p c.), 
the same amount being absorbed if the fully 
exsiccated salt is exposed to moist air. The 
chemically pure salt crystallises in largo heavy 


needles, the hghter character of the commercial 
article being due to the presence of a little 
hydroquimne and cmohonidine, or by being 
crystallised slightly alkaline or from solutions 
containing ammoiuuni sulphate It is soluble 
m 740 parts of water at 15°, in 30 parts at 100° ; 
m 65 parts of alcohol at 15°, m 6 parts at 
boilmg-pomt , in 24 parts of glyceiin at 15°, 
1000 parts of chlorofoim at 15° , leadily soluble 
(1 in 7) in a nnvtuic of chloioforra, 2 parts, 
absolute alcohol, 1 part. The sulphates of the 
other cinchona ba«cs and inoigamc impurities 
aie insoluble in this mixture, which is therefore 
a good test for the purity. It is much less 
soluble in water containing magnesium, sodium, 
or ammonium sulphate, but more soluble if 
calcium, sodium, or ammonium chloiide, or 
potassium nitiate orchloiate bepiescnt Quinine 
sulphate has -157 4° in absolute alcohol 

at a concentration of 2 2 j) c of the 7iH20 
salt A 1 p c solution ot the anhydious sulphate 

in excess of dilute H2SO4 has — 235°. A 

dilute 1128(14 solution shows a strong blue 
fluorescence, detectable with about 1 part of 
quinine m 500,000 On treating a neutral 
solution of tlio sulph.ite in (old water with a 
slight excess of chloime- 01 bromine- water 
add(‘d chop by drop, agitating foi 20 seconds, 
and then a<ldmg ammonia dro]) by diop until 
faintly alkaline, a deep green loloiir is pro- 
duced , or if more than J in 1000 of quinine is 
present a gioen pi<*ci])itate is obtained (thalle- 
loquin reaction) On ncutr<diHing the alkaline 
solution with dilute acid the colour changes to 
blue, which with moic acid becomes red, 
1 everting to green on again rnakmg alkaline 
By a modified pioceduio Ramsdcn and Lipkin 
(Annals Tiop Med 1918, 11, 443) aie able to 
detect 1 pait of quinino in 400,000 Neutial 
solutions of quimne sulphate in water give the 
following almost insoluble piocijutatcs with 
potassium chromate B^ H2Cr04,2H20, soluble 
1 in 3150 , with potovssium oxalate 
B,, 0211204, 6H2O 

soluble 1 in 1400 , with potassium pierato 
B^jOeHjNjO;, soluble 1 m 3400 , with sochiim 
salicylate B,0 711303, H^O, soluble 1 m 2100 , with 
tanmc acid B,(C\4Hi 00^)3, 8H2O, soluble 1 m 
2000, with Kochelle salt B2,04He0e,H20, 
soluble 1 m 950 , all at 25° 'Hicsc aie the 
solubilities of the resj eetivu precipitates in 
I water; the solubility is loss in excess ot the 
reagent 

! On adding alcoholic iodine solution to an 
alcoholic solution of quinine acidilied with 
sulphuric acid an lodosulphate of quinine 
B4(H2S04)3(HI)2l4,6H20, called after its dis- 
coverer, Herepathitey is thrown down as a 
reddish precipitate (Ann Chim Phys 1864, 
40, 249) It crystallises from strong alcohol in 
tabular crystals, gieon by reflected light, and 
red by transmitted light , almost insoluble in 
cold water or dilute alcohol, soluble 1 in 1000 
of hot water, but much more soluble in acidified 
alcohol. By a special method of concentration, 
Ramsden and Lipkin have been enabled to 
identify as little as 1 part of quinine in 4,000,000 
of urine, or m 20,000,000 of water by the 
herepathite reaction under the niicropolariscopo 
(Anpals. TiQp. Med. 1918, 11, 444). Jorgensen 
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(J pr. Chem. 3, 145; 14, 213, 266; 16, 66) 
has proparod whole senes of salts similar to 
herepathite, having varying quantities of acid, 
iodine, and water. 

Most of the above-mentioned insoluble salts 
have been proposed as means for the estimation 
of quinine in nnxtures of the cinchona alkaloids, 
but none have stood the test of time on account 
of the separations not being at all perfect, 
others of the alkaloids being coqirccipitated 

Estimation — Two classes of products will be 
dealt with here (a) the rough quimne sulphate 
obtained as desciibcd under ^ Assay of Cinchona 
Barks,’ and (6) conimeicial quinine sulphate 
The only alkaloidal impuiitics likely to occur 
in either are cmchomdine and hydroquinme. 
Of these two, hydroquinme is easily and rapidly 
estimated, but the estimation of cmchomdine 
IS a much more tlillicult mattei h’or instance, 
it might be thought that advantage might be 
taken of the different solubdities of quinine 
sulphate (1 m 740) and cinchonidme sulphate 
(1 m 92) m watei at 16'’ But it is found that 
on dissolving a quimne sulphate containing 
cinchonidme m water at 100", and allowing 
the solution to cool to 16", the majoiity of the 
cmchomdine will crystallise out again with the 
qumme. As many as four reciystallisations 
will be necessary to lernove the whole of the 
cuiehonidme fiom the qumme. If now the 
mother luiuois bo combined and evaporated to 
dryness on the steam- bath a product is obtained 
containing about one-hfth of the original qumme 
together with all its impurities. If this salt be 
now shaken into purified ether and aqueous 
ammonia (sp gr 0 959) and cooled down to 
0° for 24 lioui*s, most of the cinehoiudine will 
crystallise out at the layer of the two liquids, 
and may be filtered off, dried, and weighed. 
A modified form of this test, due to Brunier 
(J Pharm Chini. 1891, [v.] 23, If >3 and 266), 
was the official method of the B P. 1898, 
but being a very tedious piocess is no longer 
employed. Another method consists m jire- 
cipitatmg a neutral solution of the qumme 
sulphate with Rochelle salt, drying and weiglimg 
the combined qumme and cmchomdine tartrates, 
and taking the polarimetnc leachng This is 
still emploved m some laboratoiies, and usually 
gives faiily accurate results in experienced 
hands But it must be reniembeied tliat as 
the optical relations of the alkaloids are so 
diverse that should even a small percentage of 
hydroquinme taitrate be co-precipitated it wdl 
load to inaccurate results. 3’ho temperature 
of the reachng ls also very important, as well as 
the concentration of the solution (Oudemans, 
Annalen, 1876, 182, 33 , Hesse, 128 ; 

Koppeschar, Zeitsch anal. Chem 1886, 24, 
362 ; Hooper, Pharm. J. 1886, 17, 61 ; Jung- 
fleisch, J. Pharm Chim. 1887, 16, 5 , L6ger, 
zdtd. 1904, 19, 427 ; Montemartim and Bovini, 
Gazz. chim ital. 1916, 46, 153) 

De Vrij projiosed a method of precipitating 
the qumme as neutral chromate (Arch Pharm 
1887, 24, 1073), which was severely criticised 
by Hesse (Pharm J. 1887, 17, 586, 665; see 
also Paul, 686, footnote). 

Schaefer (Arch Pharm. 1887, 25, 64) pro- 
posed a separation by means of the insoluble 
neutral oxalate of quimne, but the separation 
IS not complete. • 


A better method is that pioposed by Do 
Vrij (Chem Zeit. 1886, 9f)8), and lecommended 
by Hesse (Pharm J. 1886, 17, 486) and D. 
Howard (Pharm J. 1896, 3, 506), winch takes 
advantage of the fact that when 6 grams of 
qumme sulphate are dissolved m 1 2 c c , of 
N/1 11^1804, and allowed to crystallLse, 80-90 p c. 
of the qumme ciystallises out as bisul2)hate, 
the whole of the cinchonidme icmammg m the 
mother liquor The crystal is hlter-puraped 
and washed with 3 c c. of cold water, and the 
filtrate shaken into 16 c c ether (sp gr. 0 721- 
0*728) and 3 c c of ammoma (sp gr 0 969), and 
left to stand for 24 hours, preferably at 0" 
The cmchomdine crystallises out and may be 
filtered oft, washed with a little water saturated 
with ether, diied, and weighed. Hesse points 
out that this cmchomdine is not pure, but 
consists of a double compound of qumme and 
cmehomdmo (ChoJ^24G^N,*2Cn,H^jON2) , and a 
portion of the emcliomdme is also soluble m 
the ethoieal quimne liquoi, these eiiors almost 
exactly compensating each othei (Howard, /.c ). 
Howovei, should quite aecuiate lesulte be 
desued, the piocess may be modified by evapor- 
ating the first bisulphato mothei liquor until it 
will again crystallise (sp gi 1 100), filtcr-pumi) 
the crystals and wasli as befoie, and sliake this 
more concentrated cmchomdine liquor into 
ether and ammoma solution. 'The impuio 
cmchomdine obtained is diicd and weighed, 
then dissolved m hot absolute alcohol, and 2*1 
c c of 60 p c H2SO4 added foi each gram, and 
allowed to cool and stand, when the cmchomdine 
crystallLses out entiiely as tetrasulphatc This 
is filtered oft on the jiump, washed with a little 
alcohol, chssolved m water, precipitated with 
sodium hydroxide, filteied, washed with watei, 
dried, and weighed as alkaloid ’I’lie alcohol 
mother liquor is diluted with water, the alcohol 
evaporated off on the water-bath, the two lots 
of bisulphate eiystals added, and the solution 
diluted and neutrahsed with ammonia, when, 
on cooling, the pure qumme sulphate crystallises 
out and may be filtered off, dried, and weighed. 

For lough cjumine suljihate pioduets (a) it 
IS best to dissolve them m 40 times their weight 
of boiling water m a flask, add 10 p c of ammal 
black and a few drops of dilute sulphuiic acid, 
boil for 20 minutes, filter, and allow to crystal- 
lise Filter off the qumme sulphate and return 
the mother liquor to the flask, together with the 
filtei -paj>ei and animal black, boilfoi 20 minutes, 
filter at the pump, wash the filter-paper with 
two or three lots of boihng water, evaporate down 
to about one-sixth of its bulk and neutralise with 
ammonia to litmus paper Allow to cool and 
crystallise, filter off the qmmne sulphate, and 
add this to the first crystals Dry and weigh 
the decolourised qumme sulphate. This should 
then be put through one of the tests for cmchoni- 
dme given above, for preference De Vnj’s 
bisulphato test The mother liquor from the 
decolouiised sulphate is added to the mother 
hquor from which the original impure sulphate 
was obtained, and is put through tests for other 
alkaloids described under the ‘ Assay of Cmchona 
Barks.’ It should bo noted hero that neutral 
quimne sulphate is absorbed from its solutions 
by ammal black (up to 16 p.c. of the weight 
of black used), and for that reason * blackmg ’ 
in neutral solution is not permissible. 
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For commercial qumino sulphates (6) similar 
methods to the above may be employed, but 
iis no (or inhmteHimal) colouring matter is 
present the lirst decolourising process is not 
required But as the above methods take 
considerable time to carry out thephaimacop<rias 
adopt a qualitative test, in various forms, 
suggested by Keiner (Zeitsch anal Chem. 
1802, 150, Arch Pharm 1878, 14, 438; %hid, 
1887, 25, 712, 740) This test depends upon the 
fact that quinine sulphate is the least soluble 
of tlie sulphates of the emohona bases , and 
that quinine is the most soluble of the common 
bases in dilute ammonia. When 2 grams of 
pure qiiimnc sulpliatc is shaken with 20 c e 
of water at b0° for some time, and then cooled 
to 15° for at least half an hour (to pievent super- 
saturation), it gives a filtrate whicli precipitates 
with acpieous ammonia (sp gr. 0 050), the pre- 
cipitate just redissolving wluui 4 3 e e ammonia 
have been added Now, quinine sulphate con- 
taimng any of the other cinchona sulphates 
when tieatcMl in this inannci takes moie ammonia 
to give a clear solution ; and by this means 
some idea of the puiity of the cpunin<‘ sulphate 
IS obtained TIils test has been uiiivei'sally 
adopted by the jiharmaeoiKcias, to which 
reference should be made for full details, as the 
directions vary in the diffeient pharmacopouas 
Quinine sulphate eoutainmg about 5 p c total 
of einchonidme and hydroqumme sulphates 
will require between 6 and 7 o c of ammonia, 
while one containing about 10 p c of these 
impuiities will requite about 10 c c Points to 
be noticed in applying the test arc that the 
weights of (jumine sulphate and water taken do 
not, within leasonable limits, affect the lesult , 
the solution should bo cooled gradually to 15° 
(never below), and retained at that temperatuie 
for not less than 30 minutes , the filtration 
should be rapid and the mixing very carefully 
done by gently lotating and tilting the testing 
tube, otheiwise clotting of the inecipitatc may 
take place and a false result obtained This 
test IS greatly influenced sliould the (juinine 
sulphate have an alkaline leai tion (presence of 
free quinine), when the lesult is much in excess 
of that lequiied foi a neutral sulphate of the 
same degree of purity (I) Howard, Pharm J 
1896, iv 3, 505) ; and also by the presence uf 
alkaline sulphate^s, which make it appear purer 
than it IS (Tutin, Pharm J 1909, iv. 29, 606) 
Tlieso points should bo ascertained by testing 
the filtrate for neutrality with litmus paper , 
and by evapoi atmg 5 e c to dryness and constant 
weight, when the residue should not weigh 
more than 0 008 gram, showing the absence of 
soluble inorganic salts (Bigmelli, Monit Seient 
1908, 22, 175) Should the cooling of the 
mixture bo earned out above 15° a larger 
amount of ammonia will be required, and 
between 15° and 20° a coirection of 0 5 c e of 
ammonia for each degree above 15° may be 
applied 

Hydroqumme is bc»st tested for by dis- 
solving the quinine sulphate in dilute H.^S04, 
cooling to 0°, and adding 4 p e. permanganate 
solution with constant vstiirmg, so long as it is 
rapidly decolourised The solution is then 
warmed, the coagulated manganese dioxide 
filtered off, the filtrate made alkaline with 
ammoma and shaken out with ether. The ether 


solution filtered and di*ied to constant weight 
will give the amount of hydroqumme present 

Quimdine, cmchonme, and amorphous alka- 
loid, which are seldom met with except m very 
rough quinine sulphate, are best estimated by 
lecrystallismg the salt and putting the mothei 
liquor thiough the process given under the 
‘ Assay of Cinchona Barks. ’ 

Cupreine, never present now m commercial 
barks, may bo estimated by shaking the re- 
crystallisea qumine sulphate into ether and 
sodium hy dioxide, runmng off the aqueous 
portion, and washing it twice with more ether 
'fhe aqueous liquor is tlien run into a basin, 
acidified with sulphuiic acid, and neutralised 
with ammoma On cooling any cupieme sul- 
phate present crystallises out. 

For the estimation and examination of 
qummo sulphate, see Hille, Arch Phaim 1903, 
241, 54, and Lenz, Zeitseli anal Chem 1888, 
27, 549. 

Kerner’s test is lecommendcd also for the 
other salts of quinine by all the phaimacopauas, 
but 'rutin {I ( ) has pointed out tliat the icsults 
obtained aie quite useless , this is confiimed 
by the pi(‘sent wi iters’ expeiience. The btwit 
method of examination of qumine salts, othei 
than sulphate, is that of obtaining the alkaloid 
by putting through ether and ammoma, and 
following the proccdiiie given under ‘ Assay of 
Cinchona Barks ’ 

Quinine disulphate B H^S04,7H^0 crystal- 
lises out m white rhombic pi isms when the 
normal sulphate is dissolved m an equivalent 
of 5 p c H2SO4 The salt effioresces readily, 
losing fiH^O over sulphuiic acid, and becoming 
anhydrous at 100°. When fully hydrated the 
salt softens at 60°, and as it melts gradually 
decomposes into quimemc bisulphate (Howaid 
and Chick, Pharm J. 1917, 99, 143) The de- 
hydrated salt melts at 1(>0° ft has an intensely 
bittei tiiste and the aipicous solution is strongly 
rtuoreseent It is soluble m 10 paits of water 
and 111 45 parts of alcohol at 15° , m 18 parts of 
glycerin, 920 parts of chloiofoim, and in 1770 
parts of ether at 25° , m 1 part of watei, and 

0 5 pait uf alcohol at 60° On exposure to 
light it turns yellow to brown on the surface 
of the crystals This salt is usually veiy puie 
on account of the bi-sulphates of the other bases 
bemg much more soluble 

Quinine tetrasulphate B2H2S04,7H^() is ob- 
tained by dissolving the bisulphate 111 excess of 
strong sulphuric acid and concentrating over 
H2»S04. It is very soluble m water, less so m 
alcohol (Hesse, Annalen, 1873, 166, 222). 

Quinine hydrochloride B HC1,2H5,0 is ob- 
tained by decomposing a solution of quinine 
sulphate with barium ehlonde It forms long 
needles, which become anhydrous at 100°, and 
melt at 158°- 160° without decomposition. 
The commercial salt contains about 8 p c H2O, 
and IS usually very puie It is soluble m 40 parts 
of water, m 9 parts of chloroform , and in 3 parts 
of alcohol at 15°, 111 1 pait of boiling water 
or 90 p c alcohol It is largely replacing the 
sulphate m medicine on account of its superior 
solubility 

Quinine dihydrochloride B-2HC1, made by 

1 adding an ecjuivalent of hydrochloric acid to 
I the normal hydrochloride and carefully drying. 

It IS a white crystallme powder containing 



CINCHONA ALKALOIDS. 


2-3 p.c H^O. Soluble m 0*76 part of watey, 
6 parts of alcohol, or 7 parts of chloroform, at 
16° ; insoluble in ether. 

Quinine hydrobromide B*HBr,H^O, made 
similarly to the hydrochloride, or by dissolving 
quinine alkaloid in one equivalent of IlBr 
Long white silky needles, soluble in 60 parts of 
water, 7 parts of alcohol, or 10 parts of chloro- 
form at 15° , in 1 part of boiling water. It 
fuses at 152°, melting completely at 200°. 

Quinine dihydrobromlde H 2liBr,3H20, made 
by adding one equivalent of HBr to the normal 
hydrobromide Largo yellowish prisms, melting 
at 81°-82°, and soluble in 7 parts of water at 
15°. Veiy soluble m hot water or alcohol, 
insoluble m ether 

Other salts of quinme in use, with their 
solubilities in water, and the e,mount of alkaloid 
they contain arc — 

Acetate lU^HjCOOH, 1 m 30 at 15° (84 4 
pc), aisenate B^H3Afe()4,8Hp, 1 in 050 at 
25° (00 4 p.c); bi-aiseiiate B H3As()4,21LO 

(1)4 5 p c ) ; arseiute B3 11 gAsl >3,411/), I m 150 
hot (83 1 pc); aiihenalato IL AsfJHgO (S() 4 
pc); arsanilate (p-amidophenylarsenate) 
B NH2*(!3ll4‘As03H, 1 m (>35 at 15° (01 8 p c ) , 
benzoate B C/lgO^, 1 m 350 at 25° (72 (> p c ) , 
bimuicarbamido H 0()(NH J , 2H01,5H3(), 1 in 1 
at 15° (50 3 pc), caiuphoiate 

B3 CjqH|304,4H20, 

insoluble (70 4 p c.) ; caibonate B H2C/03,H,0, 
soluble (73 7 p c ) , carbolate B CeHgOH (77 5 
pc); chloiate (B"H0103)4,7H2() (73 0 pc), 
chloro'uercurato B 2HC1 Hgf (48 5 pc), 
chloroplatmato B^ H2pt(’lg,31l2() (58 3 pc); 
bichloroplatmatc H H2pt(33,Hd) (43 1 pc), 
chromate B^ H2Cr04,2H2(), 1 in 3150 at 25°, 
(80 8 pc), bichromate “B H2Cr04,8H20 (55 3 
pc); cmnamate B ('9H3O , (0)8 0 p c ) “ i itrate 
(basic) B2 (53H8()7,3Il2(), “l m 1200 at 15° 
(72 5 pc), citrate (neutral) Bj((^aH30-)>, 
I in 800 at 17° (717 pe); utrate (acid“) 
B CfiHyO,, 1 in 040 at 17° (02 8 p c ) , ethyl- 
sulphate B H C3H5SO4 (712 pc); bi-ethyl- 
sulphato B (H 804)3 (50 2 pc), foimate 
(quinoform) B CH^O^.HJo, 1 m 10 at 15" 
(83 5 p.c ) , bi-formate B (OHjO^)^ (77 9 p c ) , 
glycerophosphate (‘ Kineunnc ’) 

B3 H.P04,4I1 ,0 

1 in 850 at 25° (72 0 pc), bi-glyceiophosphate 
B OgH^O, }I2P()4,10H.() (40 8 pc), hydro- 
chlorophosphate B H(3 (H ^P()4), ,31120, 1 in 2 
at 15° (53 0 p c ) , liydrochloioHulphatc 

B2 2Hn H2804,3H20 

1 in 2 at 15° (74 4 pc.), hydrolluoiidc B HP 
(insoluble) (94 2 pc), hydi iodide B*I11, 1 in 
205 at 25° (71 7 j) c ) , bi-hydiiodide B 2Hl,5H,0 
1 in 20 at 15° (48 4 pc), hypophosphite 
B-H3P02, 1 in 250 at 15° (83 1 p c ) , isobutyl- 
formate B (70 1 pc); iso valerianate 

B CgHioOg (76 1 p c ) , lactate B-CgHoO,, 1 in 0 
at 15° (78 3 pc), mcthylsulphato B*H(’H3S04 
(74 3 pc), nitrate B'HN(),,H20, 1 in 70 at 
25° (80 0 pc), oxalate B2 02H204,OH/), 1 in 
1400 at 25° (70 6 p c ) ; binoxalate 

B 

(75 0 pc), pcichloratc B2HC104,7H,0 (49 8 
p.o.) ; periodido B HI3 (insoluble) (45*9 p.c.) , 
phosphate B2*H3P04,8Ha0, 1 in 800 at 26® 
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(72 8 p.c ) ; qumato B 07ll,20g,2H20, 1 m 7 at 
15° (68 7 pc), salicylate B(\HgO„ I m 230 
at 16° (70 2p c ); bi-saiicylateB(C7H 303)2,2^1130 
(60 2 p.c.) , acetylsalicylate (aspinn- quinine 01 
‘ xaxaqum ’) B CgH4UCO,C'H3COOH, 1 m 33 at 
15° (04 3 pc), dibromsalicylato (‘ biomo- 
chmal ’) B 07H403Br2 (62 3 pc), succinate 
Bg C4H304,8H20 (712 pc); sulphooyamde 
B HCN8,H20 (80 8 pc); bi-sulphocyamdo 
B 2HCN8,JH30 (718 pc), tannate (very 
varied composition), about 1 in 2000 at 16° ; 
(20-30 pc); taitrate B3*f^4H3()3,H20, 1 m 
1000 at 16° (79 4 p c ) , bitai tratc B 04H303,H20 
(05 8*p c ) , urcthane-hydiochlojide 
B (CjH^(),NH,)iHCl 
very soluble (00 1 ]> c ) , valciianato 

1 in 120 at 15° (73 0 pt ) Thcie aie three 
gencial methods employed in making (|uuiine 
salts • (1) to dc(ompost‘ as aqueous solution* of 
quinme suljihatc with the baiium salt of the 
acid, (2) to dissolve quinine alkaloid in a- 
dilute a<{iicous solution of the and, and (3) 
to dissolve quinine alkaloid and the acid in 
separate jxutions of anorganic solvent by heating, 
mix the solutions, and allow to cool and ciystal- 
hse, or evajioiatc off the solvent 

Quinine Esters — 1’he following estois of 
quinine are also in use — 

Acetylquinine tJ2oH2jH,N2 COCdlg, made by 
heating (pimine alkaloid with acidic anhydride 
at 00°-80° foi scvcial houis 'Fhe product is 
diluted with water, piccipitated with ammonia, 
the acetylquinine colk'cted. diied, and icciystah 
Used fiom pcti oleum ethei , m p 110°-117° 
Anisylquinine 

C'ftH4 ()CJH3 

made by heating (piininc alkaloid with phenyl- 
anisatc at 120°-130° for seveial houiN I’he 
waim molted nuuss is treated with ben/ene and 
the free phenol lemovcd with dilute NaOH 
4’hc ester is shaken out with dilute acid Fine 
white needles M p 87°-88° 

Benzoyl-quinine02oH2-iON2 O CO C/1 5, made 
in a similar way to tlu' above, by heating 
together quinine alkaloid and phenyl benzoate 
for several houi-s at 130°- 140° 

Cinnamyl-quinine C2oH,jON2 O CdlCgH,, 

made by treating quinine sus])eiided in benzene 
with a solution of vinnamyl t blonde m benzene. 
Tasteless m*edles, soluble in hut, spaiingly 
soluble 111 cold, watei M p 235°-230° 

Diquinine carbonate (‘ Aristoquinine ’) 

(C3oH23()N2 ()),C0 

made by adding ({uinine alkaloid to a solution 
of phosgene in benzol, wsushing the icsulting 
ma^vS with watei, and leciystallismg the rough 
aristoquinine from alcohol It foims ciystallme 
groups of needles of m p 189° It is an im- 
portant ester on account of its tastehissness and 
its high percentage of (pnninc —90 1 p c 
Quinine ethyl carbonate (Euquinine) 

0(\H5 

is similaily made by adding qumme to a benzol 
solution of cth^dchloioformic ester It occurs 
as white needles, tasteless ; m p 95°. Easily 
soluble in alcohol, ether, and chloroform, not 
m water. It gives the thalleioqum reaction and 
fluoresces in dilute H2SO4. It forms similar 
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salts to quinine, but does not give the herc- 
pathite reaction. Its salicylate, a white taste- 
less crystallmo powder, m.p. 195°, is the only 
commercial salt 

Salicylquinine (‘ Saloqummo ’) 

C.yH.gON, O COOeH^OH 
made by h('atiiig quinine alkaloid with salol 
for several hours at 140'-150°. It crystallises 
fiom ether in laige colourless crystals insoluble 
in water , ui p 140'^. Its salicylate is known 
as ‘ Rheuiiiatinc ’ 

Quinine carbophenetidide (‘ C^imaphemnc ’) 
C>oH, 30 N/() CONHCeH^OC^Hs occurs as a 
white tastc'less powder, slightly soluble in 
water, easily soluble m organic solvents 

Uydroqumine, its dcnoalivib and salts. 

Hydroquinine 020 ^ 126 ^ 2^2 ^ invariably 

present m eomniercial qumine sulphate to the 
extent of 1-2 pc It may be piepaied (and 
estimated) by converting the qumine sulphate 
into bisulphato by the addition of 12 e c of 
N/1 112^04 for each 5 grams of salt taken, 
hltormg off the ciystals, evaporatmg the mother 
lupioi again to crystallising -point, lilteimg olT 
the second crystals, adding ice to the mother 
liquor till cooled to 0"^ and then adding lee-cold 
permanganate solution diop by drop with 
constant stiiring until the colour of the pei- 
mangan.ite is no longei lapidly discharged 
Tile li(j[Uor IS now warmed until the manganese 
oxide coagulates, when it is filteied and shaken 
with ammoma and ether The aqueous poition 
IS givcm two nioie washes with ether, the ethereal 
solutions bulked and evaporated to dryness, 
the hydroquinme alkaloid being obtained as 
a pale yellow crystallmo mass 

(k)mmercially, hydiociumme is now pie- 
paied by the hydrogcnisation of quinine sulphate 
in dilute acid solution in the piescnce of (a) 
spongy metals of the platinum group (DR P 
252136, 1912) , {b) palladium black (Eng Pat 
3948, 1912) , (c) palladium coated on barium 
sulphate (D R V 234137, 1911), or (d) by 
the <i,ction of 2 p c foimic acid in tlie presencjc of 
palladium (D R P 267306, 1913) In the 
last process the foinue acid decomposes into 
carbon dioxide, which esca})es, and hydiugcn, 
which enteis the quinine molecule at the vinyl 
group 

Hydro(iuinme crystallisas in fine anhydrous 
needles from cliloioform or ether, readily soluble 
in most organic solvents, sparingly in water, but 

more soluble m chlute ammonia, — 142*2® 

in 95 p c alcohol (c=2 4 p.c ), m p. 172® In 
physical and chemical properties it closely 
resembles quinine, forming similar ciystallme 
salts of like solubility 

The chief Mdts of ht/droquimne are : acetate 
B 02 H 402 , 5 H 20 , needles, soluble m water and 
alcohol; arsenate B 2 H 3 A&O 4 , 10 H 2 O , ben- 
zoate B C 7 H 4 O 2 , soluble in alcohol , chromate 
B 2 ‘H 2 Cr 04 , 6 H 20 , yellow needles, soluble 1 m 
663 of water at 15® ; citrate Bg CaHgO 7 , 10 H 2 O, 
sparingly soluble m water , hydrobromido 
B HBr, 2 H 20 , needles, freely soluble m water; 
dihydrobromide B* 2 HBr, 3 H 20 , needles, very 
soluble m water ; hydrochloride B HC 1 , 2 H 20 , 
long flat prisms, freely soluble m water and 
alcohol ; dihydrochloride B’2HC1, very soluble 
m water; herepathite, 4B 3 H 2 S 04 - 2 HI*l 4 , 6 Ha 0 , 


u^soluble ; hydriodide B*HI, amorphous, freely 
soluble m water ; dihydriodido B 2HI,4H20, 
ellow crystals, soluble in hot water ; lodo- 
ydriodide B 2 HI I 4 , dichroic needles ; hypo- 
sulphite Bg 1128203 , 21120 , small prisms, sparingly 
soluble m water ; oxalate Bg C 2 H 204 , 6 H 30 , 
sparingly soluble m watei ; phosphate 
Bg H 3 P 04 , 7 H 20 , needles, sparingly soluble in 
water, platmocliloiide Bg H 2 ptCla, 3 H 20 , amoi- 
phous, spaimgly soluble in water, diplatino- 
chloiide B H 2 pt 01 g, 2 H 20 , amorphous, sparingly 
soluble in watoi , salicylate B O^IlgO^, needles, 
soluble in alcohol, sulphate B, H 2 SO 4 , 6 or 
SHoO, needles, soluble in 348 of watei at 15® , 
disulphate B 112804 , 31120 , long thin needles, 
veiy soluble in water , tetrasulphate B 2 H 28 O 4 , 
amorphous, very soluble in water ; tartiate 
Bg 04 HgOg, 2 H 2 O, prisms, soluble in 545 parts 
of water at 17® 

Hydioquimne unites with 1 molecule of 
cupiemc, qumidme, or hydroquimdme, and with 
2 and 3 molecules of cmchonidino or hydio- 
cinchonidine to form crystalline compounds 
(Hesse, Ber 1882, 15, 854, Annalen, 1887, 
241, 255, Bum, Monatsh 1895, 16, 72) 

Hydroquinicine. On heating hydroqunune 
disulphate to 140° it is conveited into its isomer 
hydioquinicnie The puie base is obtained 
by jjouimg the molted mass into water, and 
shaking the solution with NaOH and ether 
The residue left on evaporation when dissolved 
in alcohol and neutralised with H 28 O 4 yields 
the ciystallme sul^ihato, winch is filteiod oft 
fiom the thick blown mother liquoi and le- 
crystalliscd to give the pure salt, in delicate 
acicular colourless needles leadily soluble in 
water and m alcohol A solution oi the sulphate 
in water is pale yellow, which on acidification 
assumes an intense yellowish-green coloui 
Alkaline liydi oxides pieeipitate the fiee alkaloid 
as a resmoid mass which gradually dissolves in 
ammonia 01 ammonium salts solutions, but not 
m the fixed alkalis I’lie hydioehloiide is 

amorphous and gives [al^^ — — 17®, c=3 in 

excess of dilute H(3 It yields a platino- 
clilondo B HgPtClgjHgO, as a jialc-yellow fioccu- 
lent pieeipitate changing to oiangc-colouicd 
crystals, insoluble in water and spaimgly soluble 
in dilute HCl An ethereal solution of oxalic 
acid produces in an ethereal solution of the 
alkaloid an amorphous brown precipitate, 
soluble m chlorofoim This distinguishes it 
fiom quinicine, which yields a voluminous pre- 
cipitate of minute needles under similar condi- 
tions. 

Hydrocupreine C19H24O2N2 is derived from 
hydroquinme by heating it with 8 parts of 
HCl (sp gr 1 125) at 150® in sealed tubes The 
unchanged hydroqumine is removed by shaking 
the acid solution with NaOH and ether, the 
hydrocupremo being obtained as sulphate by 
neutralising the alkaline layer with dilute 
H 28 O 4 . The free alkaloid forms a crystalline 
powder Ci 9 H 2402 N 2 , 2 H 20 , freely soluble in 
orgamc solvents, slightly soluble in ammonia. 
It melts at 168°-170®, is strongly basic, formmg 
crystalline salts, but is also phenolic, dissolving 
m alkalis. Its sulphate B 2 *H 2 S 04 is sparingly 
soluble in water and in alcohol, the dihydro- 
chlonde B 2 HC 1 ,H 20 being freely soluble. It 
forms a sparingly soluble crystalline tartrate 
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B2*C4HgOe,2H^O, and an orange-red crystalline 
platinochlorido B HaPtCl,, insoluble in water 
and dilute HCl. Hydrocupreme is important 
fOS it IS the source of the alkyl-hydrocupreinea 
of which ethyl-hydrocupreine hydrochloride 
CgiHgaOgNg'HCl {optochin) has been tried 
recently as a specific for pneumonia (Morgonroth, 
BerL Khn Woch 1011, 34, 44; thid 1014, 
47-48 ; Sir Almroth Wright, Lancet, 1012, 1633, 
1705; Pyman, Chom Soc Trans 1017, 662, 
1127) ; and the isoctyl derivatives as a wound 
disinfectant (Morgenroth and Tugendreich, 
Biochem Zeitsch 1017, 70, 257 ; Rchaoffer, 
ibid 1017, 83, 260, Bieling, thid 1018, 85, 188) 

Ethyl-hydrocupreine hydrochloride occurs as 
a white crystalline powder, m p 242®, soluble in 
10 parts OT water, giving a blue fluorescence with 
dilute 11,804, and having a bitter flavour Soluble 
in 00 p (5 alcohol The free alkaloid is precipi- 
tated by NaOH, and is soluble in chlorororm 

The hydrochlorides of the higher alkyl- 
hydrocupremes are insoluble in water, the 
dihydrochlondes, which are soluble m 30-40 
paits of water, being the salts prepared for use 
Iso-octyl-hydrocupreine dihydrochloride (‘ Vu- 

zin ’) occurs as a greenish-yellow amoi'jihous 
powder giving a milky solution in 30-40 parts 
of water, which at higher dilution is merely 
opalescent. 

Qdinulmf’f its Derwaiivcf^ and — Quinidine 
(originally called ‘ conqumine ’) ((‘20!^ 24O2N2), 
the only known natural stcreo-isomer of quinine, 
occurs m most cinchona barks, especially C 
pitayensis, and also in ciiprea bark It w<is 
not prepared commercially at one time, but 
was precipitated with the amorphous alkaloids 
in the quinine tails, the whole being termed 
‘ quinoidme ’ This was then a convenient 
source of quimdine, which could bo extracted 
from the powdered quinoidino by means of 
ether (Hesvso, Annalen, 1868, 146, 357, 1873, 
16(), 232) However, quimdine is now exti acted 
and purified on the commercial scale, only a 
small amount being precipitated with the 
amoiqihous quinoidmo It is most conveniently 
isolat-cd from the quinine mother liquor as 
hydriodide, as given under the ‘ Assay of 
(hnchona Barks,’ being the least soluble oi the 
cinchona hydriodides in neutral aqueous solution 
It crystallises from dilute alcohol in laige pris- 
matic crystals containing 2JH2O, losing iH>0 
on exposure to air Fiom ether rhombohedra 
containing 2H,0 are obtained, and from boiling 
water plates containing 1 JH^O From benzene 
anhydrous needles separate which melt with 

decomposition at 171*5° (corr) =+236 S°- 

3*0c in 97 p c alcohol, c = l-3. It is soluble 
in 6900 parts of water at 25°, 750 parts at 100°, 
2() parts of alcohol at 20°, and in 22 parts of 
other at 20° ; slightly soluble in chloroform, 
benzene, amyl alcohol, and carbon disulphide. 

Chemically, quinidine behaves similarly to 
quinine, yielding salts which, however, with 
the exception of the hydriodide, are more soluble 
than those of quinine Its decomposition pro- 
ducts are also the same as, or isomeno with, 
those of quinine. The disulphate on heating 
with acid gives quimcme Treated with fuming 
sulphuno acid the alkaloid yields quinidine 
isosulphonic acid C2oH2802N2‘HS03, identical 
with the product obtained from guinine under 


similar treatment (Hesse, Annalen, 1802, 267, 
141). By the action of peimanganatc in the 
cold a btwe quitenidine, isomeric with quitenine 
iqv) 18 obtained 

Quitenidine O19H22O4N2 forms thin plates 
from dilute alcohol, m p. 246°, soluble m 
ammonia, from which solution it crystallises 
in large prisms on evaporation It is readily 
soluble m boiling water, acids, and alkalis, less 
so in alcohol Its H2S(34 solution is fluorescent 
and it gives the tballeioquin icaction, which on 
adding ferrocyamde turns violet-black It 
yields a sulphate B*H2S04,3H20, colourless 
prisms , and a platinochlorido B H2rtCflg,3H20, 
large orange-yellow crystals. 

Apoquinidine ('19H22O2N2, isomeric with 
apoquinine, is formed similarly by heating tlie 
base in a sealed tube to 140° with HOI (sp gr 
I 125) It IS a white amorphous powder, 
readily soluble in alcohol and ether, giving the 
thalleioqum reaction, but not showing fluores- 
cence with H2SO4 It melts at 137° (uncorr ), 
and ha,s = + 153 3° m 07 pc alcohol, 

c=2 It yields a hydrochloride in needles 
easily soluble in water Its acetyl derivative, 
unlike the base, fluoresces in H 281)4 solution 

Chloroquinidine 02o^^23^^NX-l is obtained 
similarly to its isomer, chloroquinme It is 
readily soluble m alcohol, benzene or chloroform ; 
m p 131°- 132°. On treatment with alcoholic 
potash it gives the same product as chloro- 
quinine, 1 e quinene 

Hydrochloroquinidine ('20H26CIO2N2 is ob- 
tained similarly to its isomer, hydrochloro- 
quinine It foims largo crystals soluble in 
alcohol and in eveess of ammonia It gives the 
thalh'ioqum reaction By longer heating methyl 
chloiide IS eliminated and hydrochlorapoqiimi- 
dine results. 

a-Isoquinidine C2oH2402N2,2H20 is formed 
together with hydrochloroquinidine by heating 
quimdine with 1101 (sp gr 1 ISO) at 85°. It 
forms fine rhombohedra soluble in ether. 

Hydroiodoquinidine C20H25TO2N2 is obtained 
when quimdine is dissolved m 10 times its 
weight of HI (sp gr 1 0) and left for 3 <lays 
m the dark Its dihydriodide crystallises 
m large yellow tables, m p 230°, soluble m 
alcohol Ammonia liberates the base, which is 
recrystallised from alcohol as colourless trans- 
parent pi isms, m p 205°-206°, slightly soluble 
in water. It gives the thalleioqum reaction 
and yields a crystalline sulphate, nitiate, hydro- 
chloride, hydriodide, and platinochloride 

Qmnidmp Saifs — Sulphate Bg H2804,2H20 
crystallises as white needles or long hard 
prisms, soluble in 100 parts of water at 15°, or 
7 parts at 100°, 20 of chloroform at 15°, insoluble 
in ether. The salt requires a temperature of 
120° for dehydration, and reabsorbs 2H2O on 

exposure to air. fa]^^=+211 5° m absolute 

alcohol, c=l 94 pc of hydrated salt. A 
chloroform solution gradually assumes a 
yellow colour with slight green fluorescence. 
On shaking this solution with water the aqueous 
portion acquires a beautiful green fluorescence. 

Commercial quimdine sulphate is usually 
fairly pure ; cmchonine is the mast frequent 
impurity, cinchonidine and quinine being rarely 
found To test for other alkaloids dissolve 
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0 5 gram in 20 c.o. of warm water, add 0*5 gram 
of KT, and stir vigorously for a few minutes. 
After half an hour filter off the insoluble hydr- 
lodide and add ammonia to the filtrate If 
any decided precipitate occurs (none with the 
pure salt) shako with chloroform, evaporate 
the extract to dryness, and weigh Test the 
residue for quinine, cinchonidme, and cmohonino 
Should the two latter be present the precipitated 
hydriodide will tend to be resinous instead of 
sandy (De Vii|, Pharrn J. 1877, 8, 745) 

Disulphato B H^S()4,4H20 occurs in long 
asbestos -like prisms, soluble in 7 parts of 
water at 15®, giving a beautiful blue fluorascence 

Other salts met with are benzoate 
B 07 H<jO 2.H2O, soluble m alcohol , chromate 
B-H,004,6H20, large yellow tables; hydro- 
bromide B HBr, soluble in 200 of water at 14° , 
hydrochloride B H(U,H20, asbestos-hke needles, 
soluble in 75 paits of water at 15°, -1-212° 

—2 SOc m alcohol, dihydrochlonde B 2HC1,H20, 
very soluble in water , hydnodido B HI, short 
prisms, soluble in 1250 of water at 15°, very 
slightly soluble in alcohol , dihydriodide 
B ‘2111,3 H^O, laige golden prisms, soluble m 
90 of water at 15° ; hyposulphite 

B2 H2S203,2H20 

short prisms, soluble 111 415 of water at 10° , 
oxalate B2 (\fl204,H20, soluble in 151 of 
water at 15°, nitrate IIHNO,, small pi isms, 
soluble in 85 of water at 15° , phosphate 
B H2PO4, short prisms, soluble in 31 of water 
at 10° , platinochiondc B2 H2Pt(U8,3il20, orange 
needles , diplatmochlonde B H2ktCl(j,H20, yel- 
low amorphous precipitate, insoluble in water ; 
salicylate B soluble m 1050 of watei 

at 25° ; succinate B 0411404,21120, fine prisms, 
soluble in 41 of water at 10°, very soluble in 
alcohol , sulphoeyanide B H(JNS, colourless 
prisms, soluble in 1477 of water at 20° , disul- 
phocyanide, B 2H(yNy,H20, long yellow prisms , 
tannate, indefinite composition, soluble in about 

1 in 2000 of water at 20° ; tartrate 

silky prisms, soluble in 39 of water at 15° ; 
bitartrato B 04H404,3H20, shoit prLsms, soluble 
in 350 of water at 15°. 

Hydroquinidine C2oH2fl02N2 usually occurs 
in commercial qumidino sulphate sometimes to 
the extent of 20 p c It may be separated by 
repeated rccrystallLsation from water, but it 
18 prof(*rably obtained by oxidising quinidme 
sulphate mother liquors with permanganate at 
0° {v Hydroquinme). 

Qiiimdino may also be hydrogenated in the 
presence of palladium black yielding liydro- 
quinidino Porst and Bohnngcr’s statement 
that this base is formed by the oxidation of 
quimdine is inaccurate, being duo to their 
using quimdine containing hydroquinidine (Ber 
1881, 14, 1954; 1882, 15, 520, 854, Hesse, 
ibid. 1882, 15, 3010; Annalen, 1888, 243, 
146) It forms efflorescent prismatic needles 
containing 2JH2O, m.p. 167°, readily soluble 
in alcohol and chloroform, slightly soluble in 
other Its rotatory power is almost the same 
as that of qumidme It gives the thalleioquin 
reaction and behaves generally like quimdine. 
Oxidation with chromic acid yields quminic 
acid. 


Sails. — Its sulphate B2*H2S04,2H20 occurs a? 
fine needles, soluble m 92*3 of water at 16°, 01 
B2*H2S04,8H20, thick efflorescent prisms (Hesse) 
Its H2SO4 solution shows blue fluorescence. 
Other salts are . benzoate B C7H4O2, colourless 
plates , hydrobromide, fragile scales, slightly 
soluble m water ; liydrochlonde B HOI, short 
needles or thick piismatic plates, readily 
soluble in water ; hydriodide B HI, large 
colourless needles, very slightly soluble in water , 
I dihydriodide B‘2B 1,31120, orange-yellow prisms, 
fairly soluble m water , platmochlondo 

BH2PtCl4,2H20 

small orangc-yello w needles, salicylate B’C^HgO., 
six -sided plates ; tartrate C4H40g,2H20, 
brilliant prisms, readily soluble in water , 
bitartrate B 0411404,3^20, needles, slightly 
soluble m water, 

Cinchoninp, its Derivatives and Salts. — Cincho- 
nine (G^4H220N2) occurs m all cinchona barks 
It IS readily prepared from quinine mother 
liquors, after removal of the cinchonidme as 
. tartrate, by rendering alkaline and shaking 
I with a limited quantity of washed ether. The 
cmehonmo crystallises out from the ether in 
small hard pnsms, and may be filtered off and 
recrystallised from dilute alcohol The crystals 
melt at 264°, subliming with some decomposition 
at a higher temperature as monoclimc prisms 
I Ammonia precipitates the alkaloid from acid 
solutions m whito flocks giadually becoming 
j crvstallm6 ; but from hot solutions of ammonium 
I salts einchomne displaces ammonia The freshly 
I precipitated alkaloid is much more soluble 
m solvents generally than crystalline emchoninc. 

' The crystals dissolve m 3670 of water at 20°, 
I m 2500 of water at 100°, in 115 of absolute 
; alcohol at 17°, m 350 of chloroform at 17°, 
m 371 of ether (sp gr 0 730) at 10°, m 40 of 
amyl alcohol at 17°, and m 18 parts of a mixture 
of alcohol and chloroform (4 • 1) at 17°. Readily 
soluble in acids, but the salts of cinchonine 
are liable to hydrolyse with water and deposit 
alkaloid Omchonine is easily distinguished 
from the other alkaloids by giving neither 
fluorescent soliilions nor an insoluble tartrate, 
and by being insoluble in ether =4-226 5° 

in 07 p c. alcohol, c=0 5 Omchonine does not 
give the thalleioquin reaction On oxidation 
it yields the same products as quinine, except 
that the qiimolmic products lack the p-methoxy 
group 

Cinchotenine O^gH^oOgNa is obtained on 
oxidising einchomne with permanganate in acid 
solution (Skraup, Annalen, 1879, 197, 374) 
It IS purified similarly to qiiitcmno (f/ v ) Jt 
forms efflore^icent needles or plates containing 

3HjO. mp I'JS". [«]J^®= + 135‘> m alcohol 
solution, c=2 of hydrated base. A 2 p.c. solu- 
t on in dilute gives [al^'’= + 176 5°. It 

gives a platinoe blonde B‘H2ptOl4, largo orange 
pnsms, and an aunchloride B'H^Auof^g, yellow 
needles ; both soluble m water and m alcohol. 

Cinchotenicine OJ8H20D3N2, isomeric with 
cinchotenine, is formed from it by heating to 
140° with H2S()4 . a brown amorphous body 
soluble m water, giving amorphous platino- 
and auri-chlondes. =4-0*9°. 
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Cinchoninic acid CgHg COOH N (4-carboxy- 
quinoline), obtained by oxidising einchonino 
with chromic acid {v Quimnic acid) Forms 
cafleine-hke needles containmg IHgO, or tables 
orpnsms with2H,0 ; m jd. 253°-254°, subliming 
with decomposition (Caventou and Willm, 
Annalon, Supl 1870, 7, 247 ; Skraup, Annalen, 
1880, 201, 294) It is only slightly soluble in 
water, more so in acids and alkalis, but its 
salts dissociate in water Heated with lime it 
yields quinoline Permanganate oxidises it to 
a-carbocmchomeionic acid (Ramsay and Dobbie, 
Chem Soc Trans 1884, 35, 189), nitiic acid at 
120°-140° yields cinchomeromic acid (Weidel, 
Annalen, 1874, 173, 76), and chromic acid gives 
kyniirmo (8kraup, Monatsh 1888, 9, 783 ; 1896, 
17, 366) On fusion with potassium hydroxide 
oxycinchonmic acid sublimes (Konigs and 
Korner, Ber 1883, 16, 2152) Cmchommc acid 
may also be prepared by oxidation of lepidine 
and 4-ethylquinoline 

Cinchene obtained by refluxing 

cinchonine chloiide with alcoholic potash (v 
Quinone), as trimetric tables, in p 123"-125° 
It IS a ditcrtiary base, soluble in ether, dextio* 
rotatory, and yields crystalline salts On 
hydrolysis with 25 pc. phosphoric acid it 
yields lepidme and meroipimeno. Chromic acid 
oxidises it to cinchoninic acid Treated with 
bromine in chlorof oi m solution two isomeric 
dibromides (a and 0) of cinchene are formed, 
both of which are converted into a new base, 
dehydrocinchene (Ci^HigNj), with loss of 2HBr 
(Comstock and Konigs, Ber. 1886, 19, 2857) 
Chlorine reacts similarly to bromine with 
cinchene On heating cinchem* in a sealed 
tube with 11 Br (sp gi 1 49) to 190° it loses a 
molecule of ammonia and adds a molecule of 
water to form apocinchene (v Apocpiinenc). 

Apocinchene (^igH^gON, colourless needles, 
m p 209°, volatilising without decomposing, 
soluble in alcohol, acids, and alkalis (Comstock 
and Konigs, Bor. 1881, 14, 1854; 1884, 17, 

1989). Its salts give yellow solutions which 
readily hydrolyse, and its solutions in alkalis 
are precipitated by CO, It readily forms 
ethers, which with dilute llNOg oxidise to alkyl- 
apocinchcnic acids Chiomic acid oxidises it 
to cinchoninic a^l , and fusion with potassium 
hydroxide gives oxyapocmchene Cigll^gO^N, a 
base isomeric with apoqumene. 
Ethylapocinchenic acid 

O17H13OO2H5 COOHN 

on refluxing with 11 Br (sp gr 1 49) gives rise to 
a lower homologuo of apocinchene named 
liomapocmchene Cj^IIigON. This body melts 
at 184°-185°, IS veiy soluble in ether, benzene, 
or hot alcohol, insoluble in water 

Dihydrocinchene CjgH^aNa was found by 
Konigs m the mother liquors from apocinchene, 
and was derived from the hydrocinchonine 
present in the cinchonine from which the latter 
was prepared. 

Cinchonine chloride CjgHgiNaCl, obtained 
similarly to quinine chloride {q v.). It crystal- 
lises in prisms, melting at 72°, and is dextro- 
rotatory On reduction with iron and H2SO4 
it gives desoxycmchonino C,j,H22N2, m p 
90°-92°, dextrorotatory. With alcoholic potash 
cinchene is obtained (q.v.). 

Cinchonine dichloride CigHaaONaClg is made 
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by passing chlorine into a cooled HOI solution 
of cinchonine. It is very similar to dichloro- 
einchonme, and may be identical with it. 

Dichlorocinchonine C19H20OCI2N, is obtained 
by passing chlorine into a hot concent-rated 
alcoholic solution of cinchonine hydrochloride 
It crystallises as microscopic needles from 
alcohol, and gives crystalline salts with 2H01, 
2HBr, and HaPtOlg (Laurent, Annal Ohmi 
Phys (3) 24, 302) 

Bromocinchonine OiglloiOBrNa is formed by 
adding bromine to an alcoholic solution of 
cinchonine hydrochloride (Laurent, Ic , Kopp, 
Arch Pharm (3), 9, 34) Its dihydrochloridc 
erysLdhses m rhombic tables. Tieated with 
alcoholic potash it exchanges Br for OH, and 
gives oxycmchonine C\9H2202N2 

Sesquibromocinchonine ( %8 ^ 4 1 0 2Br3N4, ob- 
tained by the action of excess of bromine on an 
alcoholic solution of cinchonine It crystallises 
m fine needles and forms salts with 4 molecules 
of monobasic acids Tieated with alcoholic 
potash it yields sesquioxycmchonmo (y3gH44()^N4. 

Dibroinocinchonine (.jgH^oOBr^N, formed 
by adding excess of biomino to an aqueous solu- 
tion of cinchonine hydrochloride ((Vimstock 
and Konigs, Ber 1884, 17, 1995) It gives 
colourless crystals containing llLO from alcohol, 
insoluble m water Alcoholic potash yields 
dioxycinchomne (Ij 9H , ,0 jN^. 

Cinchonine a- and is dibromides 

C,9H220Br,N2 

formed by adding biomino to a solution of 
cinchonine in chloroform and alcohol The 
hydrobromide of tlie a-compound being less 
soluble than the ^B-compound crystallises out, 
the latter remaining m the mother liquor The 
free a- base crystallises out from algohol (90 p c ) 
and chloroform (1.3) with IH^O, the fl-baso 
being anhydrous. Both behave as true bases 
formmg salts Heated with alcoholic KOH 
they lose 2HBr, yielding a new ba^e, dehydro- 
cinchonine (Comstock and Konigs, Ber 1886, 
19, 2864 , 1887, 20, 2510). 

Hydrochlorocinchonine C^JI^^CION,, formed 
by allowing 10 parts of HCl saturated at —17° 
to act on cinchonine at a low temperature for 
some weeks. The base crystallises irom alcohol 
in white needles, m p 212°-213° Heated 
with alcoholic KOH an isomer of cinchonine, 
a-isocmchomne, is formed (Comstock ami 
Konigs, Ber 1887, 20, 2519) 

Hydrobromocinchonine OioHaaBrONg is 
formed similarly to the last compound, but the 
reaction is more rapid and works equally well 
at higher temperatures The base crystallises 
from alcohol in white scales Heated with 85 
p c alcohol it is converted into a mixture of 
apocmchonine, a-isocinchonme and 5-cincho- 
nine Heated with alcoholic KOH a mixture 
of apocinchonmo a-isocmchonine and cinchoni- 
fine (? hytirocinchomne) is formed 

Hydroiodocinchonine CigH^JONg is obtained 
by heating dry cinchonine with 5 parts of HI 
(sp gr 1 7) on the steam- bath The free base 
crystallises from alcohol in silky needles melting 
at 158°-160° with decomposition It readily 
combines with 2 molecules of monobasic acicfs 
to form crystalline salts 

Dehydrocinchonine Ci^HgoONg, obtained 
from cinchonine dibromide {q.v ). It cryrstallises 
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from alcohol in needles melting at 202°-203°, 
subliming at a higher temperature ; very 
soluble in alcohol, acetone, and chloroform, less 
so in ether or benzene It behaves very 
similarly to cinchonine, giving salts and halogen 
derivatives containing Hg less 

Derivatives Isomeric with Cmthcmine — 
About 20 isomers of cinchonine have been 
described by various workers, but Skraup’s 
investigations have shown that many of these 
bodies are identical, and several others aie 
mixtures with cinchonine Hydrocmchonine 
has also been mistaken for an isomer of cincho- 
nine (Monatsh 1897, 18, 411 , 1899, 20, 571 , 
1901, 22, 1103, 1903, 24, 294, Langer, ihid 
1901, 22, 151) 

Cinchonicine (cmchotoxm) C19H22ON2 occurs 
in commercial qumoidme, but may be prepared 
by heating the acid sulphate or tartrate of 
cinchonine orcmchonidine to ISO^'-MO® (Pasteur, 
Compt rend 1853, 37, 110; Hesse, Annalen, 
1875, 178, 213 , 1) Howard, Chem Soc Trans. 
1872, 25, 102) It forms a viscid mass, yellow 
to red, molting at about 60° Roques obtained 
it m long [irismatic needles, m p 49°-50°, by 
evaporating an ethereal solution at 45°, in a 
current of hydrogen. 47 2° for 1 p c. 

solution in (3hloroform or absolute alcohol 
It IS very soluble m alcohol or ether, slightly 
soluble m water Its solutions absorb COg from 
the air and expel ammonia from it/S salts It 
gives the same oxidation products as cinchonine 
Like qumiemo, it gives a precipitate with hypo- 
chlorites, but does not give the thallcioquin 
reaction (distinction from qumicine) Many of 
its salts are amorphous, but the following are 
ciystallino . hydnodide B*HI, prisms, slightly 
soluble in water; oxalate B2*f'2tl2^^4»7H20, 
prisms, fairly soluble in water , platinocliloride 
B H.Pt(I«,H,0 , bitartrate B H4He0e,H20 
Allocinchonine (pseiidocinchoninc)(\0H2>ON2 

is obtained by heating the hydnodide of hydro- 
lodocmchonine C19H2JON2 Ht with 10 parks 
of water at 150°-16?)° It melts at 214°-2ir)°, 
slightly soluble m alcohol or ether, and gives 
on 

[a]“ =-fl()4 8° for 3 pc solution in absolute 

alcohol. Its sulphate B, H28O4 is less soluble 
in water than cinchonine sulphate. On oxida- 
tion it 'yields cinchonimc acid and allomeio- 
quinene (Lippman and Flcissner, Monatsh 
1893, 14, 371) 

Tautocinchonine CJ9H22ON2 is obtained by 
the action of alcoholic KOH and silver nitrate 
on hydrobromocmchonme hydrobromide 

C,9H23BrON2 HBr 

It IS soluble in alcohol, slightly soluble in ether, 
m p 252 5°, and gives fa]^^^== + 209*4° for 3 p c 
solution in absolute alcohol (Lowenhaupt, 
Monatsh. 1898, 19, 461) 

a-lsocinchonine (cmchomline) CjaHoiONa 18 
obtained by heating cinchonine with sulphuric 
acid or HCi (sp gr 1*125); or by heating hydro - 
bromocmchomne or its salts with alcoholic 
KOH (Jungfleisch and Leger, Bull. vSoc chim 
1888, 49, 747; Compt. rend 1892, 113, 661; 
ihid 1894, 118, 536; Hesse, Annalen, 1888, 
243, 147 ; ihxd, 1890, 260, 213 ; 1893, 276, 91 , 
Comstock and Konigs, Ber. 1887, 20, 2510 , 
1892, 25, 1639; Skraup, Monatsh 1899, 20, 
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681; 1902, 22, 1097; Pum, ihid. 1892, 13, 
676) It crystallises in silky needles from ether 
containing 3H2O ; from petroleum ether in 
large prisms, volatile, m.p 126 6°. [a]^^=+61 6° 
for 3 p c. solution in absolute alcohol. It is 
readily soluble m ether, alcohol, or benzene, 
little soluble in water. It forms crystalline 

salts, all of which except the dihydriodide 

are very soluble m water Heated with HCI 
(sp gr 1*125) at 140°-150° it is converted into 
apoisocinchonme (apocinchomgme), m p 216°, 
and with concentrated H2SO4 at 60 -80° it 
changes into yS-isocmchonine. On oxidation it 
yields cinchonimc acid and a-isomercmuinene. 

iS- Isocinchonine (cmchorngme) cri9H220N2, 
references under Isocinchonme. It crystallises 
from alcohol in colourless prisms, volatile, 

m.p 126'’-127°. m absolute 

alcohol Very soluble in alcohol, ether, or 
benzol. Its salts, .including the dihydriodide, 
are very soluble in water. Heated with HCI 
(sp gr 1 125) it yields apoisocinchomno (apocin- 
chmigino), m p. 216°. On oxidation it gives 
cinchonimc acid and 3-isomeroquineno. 

5 -Cinchonine Cigllg^jON^ is foimcd at the 
same time as a-isocmchomne [q v ) when hydro- 
brornocmchonmo dihydrobroinide is heated with 
alcohol or alcoholic KOH Long prisms, m p 
160°, very soluble in alcohol, benzene, or chloro- 
form, slightly soluble m ether [a]^^= + 125 2° 

for 1 p c solution in 97 p c alcohol Its salts 
arc very soluble with the exception of the hydro- 
chloride, hydrobromide, and oxalate (Jung- 
fleisch and Leger, Compt rend 1894, 1 18, 29) 

f-Cinchonine CiaH^^ONi was isolated by 
Lowenhaupt from tautocinchonine (qv) It is 
a base melting at 150°- 152°, giving crystalline 

salts [a)^^=+67° for 1 p c solution in alcohol 

Cinchonidine C19H22ON2 was obtained in 
5 p c yield by Komgs and Hussman from 
cinchonine by heating it for 15 hours with an 
amyl alcohol solution of KOH (Ber 1896, 29 
2185) 

Hydro-den mtives of Cmchovine — On reduc- 
ing cinchonine with /me and H2ISO4, Schutzen- 
berger obtained a resinous body which he termed 
a hydrate of cincliomnc, assigning to it the » 
formula Ci9H220N2,2H20. This body is stable 
up to 120°, but at 140° it loses JHgO, and'at 
150° retains IHgO (Annalen, 1858, 108, 348) 
Zom reducing t'lnchonme with sodium amalgam 
in acetic acid obtained an oily mass containing 
t/wo bases separated by ether The one insol- 
uble in ether he named hydrocmchonine (the 
dihydrodicinchonme of Skraup) C19H24ON2, the 
other soluble m ether he called amorphous 
hydrocmchonine (the dihydrocmchonme of 
Skraup) CigllgeONg The first crystallises from 
alcohol in small colourless anhydrous plates or 
scalas, m p 257°-258° It yields a crystalline 
sulphate B*H2S04,2H20 (or anhydrous) m long 
needles It is readily attacked by permanga- 
nate , but on further treatment with sodium- 
amalgam IS unattacked The second dissolves 
in etner with a fine violet fluorescence, and is 
obtained as a yellowish amorphous mass on 
evaporation. It yields no crystalline salts or 
derivatives. It is a stronger base than cin- 
chonine, dissolving in acids with elevation of 
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iperature, and is readily attacked by per- | 
aganato (Zorn, J pr Choni. 1873, 8, 279, | 
; Skraup, Ber. 1878, 11, 312, Howard, 
jm. Soc. Trans. 1873, 2(5, 1180). By the 
Lon of sodium and anhydrous amyl alcohol 
cmchomno Norwall obtained an oily base 
H^gONg, which he tcimed totiahydrocm- 
mne (Monatsh 1895, 1(5, 321) 

None of the above is identical with the 
Irocmcliorime which occui's naturally in 
3hona barks (Caventou and Wilm, Annalon, 
)1. 1870, 7, 247 , Forst and Bohrmger, Ber. 
;l, 14, 430 ; Hesse, Ber 1895, 28, 1421) 
Hydrocinchonine (Cmchotme) Gj 8 Ho 4 ()N 2 is 
onstant associate of cinchomne, which may 
itain up to 10 p c It may bo prepared 
Lilarly to hydroquimne {qv.), by oxidation 
the cinchonine with permanganate ; or by 
urating an alcoholic solution of cinchonine 
Irocliloride with HCl gas, when the dihydro- 
onde of cmchomno separates out, leaving the 
Irocmchomiio in solution (Hesse, Annalen, 
►3, 270, 88). It forms slender anhydious 
ims or scales, m p 277°, subliming at higher 
iperature Bolublo in 130 {larts of 90 p < 
3hol, oi 187 of ether at 20° , slightly soluble 
boilmg water It is not attacked by cold 
manganate, but chiomic acid oxidises it to 
chomnio and cmcholoiponic acids With 
3sphorus pcntac blonde it yields hydro- 
ohonine chloiide CjaH, 30 N 2 < -1, m p 85°-87°, 

L verted by alcoholic KcJH to dihydro- 
chene O 19 H 33 N Its chief salts aio . benzoate 
small needles, sligldly soluble in 
tor; hydrobromide B HBr.^H^O , dihydro- 
•mide B 2HBi, prismatic needles, very soluble 
water, insoluble in ale ohol , hydrochloride 
101 , 21120 , needles, soluble in 47 of water , 
drochlonde B 2H(J1, veiy soluble in water, 
tly soluble in alcohol ; hydi iodide B*HI,H^O, 
juiless prisms, leadily soluble m water and 
jhol , mtiato B’HNO^,!!,!!, tianspaient 
les , oxalate B C 2 H 204 ,H 20 , fine needles, 
y slightly soluble in water ; platmochloiide 
I ,Pt01g, orange-yellow crystals , sulphate 
H 2804 , 12 H,(J, tine needles or prisms, offloi- 
ont, soluble 111 30 5 of water at 13° , sulpho- 
mide B HONS, long needles, slightly .soluble 
water; taitrato C 4 HgOg, 2 H > 0 , 1 ^ 2 , needles 
ible 111 57 of water at 16° ; bitartrate 
34 Hg 0 a, 4 H 20 , needles, soluble in 78 of water 
16 °. 

l^alts of Ctrickonine — Cinchonine sulphate 
H 2 S 04 , 2 H 20 forms short haid prisms or 
dies, molting at 198 5° when dehydrated, 
omposmg at 200° It is soluble in 70 paits 
vater at 15°, in 13 parts at 100°, m 9 parts at 
, in 60 of chloroform at 15° or m 22 at 
Img-pomt, in 2300 of ctlier at 25° As the 
[ihates of quinine and cmchomdino are insol- 

0 in chloroform, thrs solvent forms a good test 
the purity of cinchonine sulphate A solu- 

1 of this base in dilute H 2 SO 4 does not 
iresce (although the commercial salt usually 
5 S so shghtly owing to the presence of a little 
nine or quimdine), nor does it give the 
Beioquin reaction. With lodme it yields 
►ducts analogous to herepathite, the principal 
ng 8 B- 6 H 2 S 04 - 6 HI l 4 o, 12 H 20 , 

4B H2S04-4HI-Iio, 2B-H2S04-2HI*l2 
►rgensen). 
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Cinchonine disulphate B H 2 ^ 0 4,3 or 411 2 O, 

largo colourless prisms, very soluble in water, 
and crystallising with dilhculty. 

Cinchonine hydrochloride B HC 1 , 2 H 20 occurs 
as prismatic needless, melting at 130° It is 
soluble 111 24 parts of water at 10 °, the solution 
dissociating slightly and depositing alkaloid. 
8 olublc in 2 parts of 85 p.c. alcohol and 290 
parts of othei at 15°. 

Other salts are . benzoate B C 7 Hg 02 , soluble 
in 166 of water at 15° , citrate B, CgHgO 7,41120, 
soluble m 48 of watei at 12° , acid citiato 
B .2 CgHgO 7 , 41120 , soluble in 55 of water at 15° ; 
hydrobiomido B HBijH^O, long needles, soluble 
in 33 5 of water at 15°, more soluble m alcohol ; 
diliytlio bromide B 2HBr, large rhombohedra, 
soluble m 1*4 of water at 15°, less soluble in 
alcohol, dihydi’ochloiido B 2H(3, rhombic 
tables, very solubl(3 in water, insoluble in 
alcohol ; hydi iodide B 111 , 1120 , wlnto cjystals , 
dihydriodide B 2 H 1 ,H 20 , golden- yellow pi isms, 
hydnodate BHIOj, crystals, exploding at 
120°, nitrate B HN 03 ,H 2 G, long monoclinic 
ciystals, soluble m 2h 4 of water at 12° , oxalate 
B, G 2 Hi^L’ 2 H 20 , largo prisms, soluble in 100 
of water at 10° , platmochloride B I;^ 2 l*^^ 
pale yellow amoiphous ])iei ipitate , suet mate 
B 04 HqO 4,1 or 1 ^ 1120 , long needles or thick 
pi isms, leadily soluble m water , sulphotarbolate 
I B G 8 H 4 H80 , OH, leddish-whiie needles, sul- 
phocyanide B HONS, jirisms, soluble in 474 of 
water at 20°, salicylate BC'vIlgO^, soluble m 
590 of water at 25° , taitrato Bg C 4 HeOg, 211,0, 
crystals, soluble in 33 of water at 16° , bitaitiato 
(lievo-) B (^4llg0g,H20, soluble in 100 of watci 
at 16°, bitaitnitc (di'xtro-), soluble in 101 of 
water at 16° (B.istoiu) 

OuichonidiHC (Did ih Di^nmhvcs (tnd Sails. 

Cinchonidine CjoIlggONg, a stoieoisomer 
of cmchonmo, oecuis in most cmehona barks, 
especially in 0 sucenubia It is piepaiecl 
from quinine sulph.ito mother liquoi by 
precipitation as neutial tartrate with Rochellc' 
salt This tartrate is washed with water and 
decomposed with ammoina, the lough base 
being dried carefully at a low tempeiatuie 
On dissolving tins m 2 1 c c of 50 p c H ,804 
and 11 cc of absolute alcohol foi every giam 
of base, and allowing to cool, pure einchonidme 
te traps ulphate crystallises out nearly (piantita- 
tivoly This Ls filteied off, washed with absolute 
alcohol, dissolvtcl in water, and precipitated 
as alkaloid with NaOH, being finally reeiystal- 
lised from alcohol It foims short anhydrous 
prisms or thin plates, soluble in 16 parts of 
97 pc alcohol at 15°, iri 188 parts of ether, or 
in 4800 parts of water at 25° , readily soluble 
in cliloroform or amyl alcohol. It melts at 

210 5 °, and ha« [a]J;'’=-107 48°+0 3c ini)7 p c. 
alcohol, f;— 1-5 Like cinchonine, its solutions 
do not fluoresce, nor give the thalleiociuin 
reaction (distinction fiom quinine and quimdine). 
It differs from cmchonmo in giving an insoluble 
tartrate, by its greater solubility in ether, and 
by being lievorotatory For its estimation m 
cmchona barks, see under ‘ Quinine Sulphate.’ 
It gives the same oxidation products as cin- 
chomne with chromic or nitric acid , and 
I cmchomcme, identical with that from cinchomne, 
i is obtained by healing with glycerin to 290°, 

T 
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or with strong H2SO4 to 130°. The following 
are the most important deiivatives of cmchom- 
dme : — 

Cinchotenidine obtained simi- 

larly to qiiitenmo by oxidation of cinchonidine 
with permanganate* at 0°. It foiins filifoim 01 
thick pn.smatic crystals containing 3H2O, 
slightly ellloresccnt It melts at 256°, and has 
— 189° in alcohol Its acid solutions do 
not fluorc*.Mce Its salts aio very soluble and 
cblficult to crystallise It foims a sulphate 
11,804,2^11^0, veiy soluble in water, and a 
])latinochloiide H ,PtClg, orange -yellow tables 
Its solutions m alkalis aic leadily dec^oinposed 
by CO 2 (8kiaup, Aunaleii, 1880, 201, 300 , 
Hesse, Ber. 1881, 14, 1892), 

Cinchonidine chloride CibHoiN^CI is obtained 
by the action of phosphorus jientachloridc on 
cinchonidine It forms laige crystals melting 
at 108°-109°, soluble 111 ether and possessing 
basic properties On heating with alcoholic 
KOH it yields cinchene (similarly to cinchonine 
chloiide), which on tieatment with HCl is 
converted to apocinchcne 

Dibrximocinchonidine ( ' 1 9 H , oONoBiVj is formed 
by adding 4 atoms of biomine to 1 molecule of 
cinchonidine suspended in 08^ Hs diliydio- 
bromide crystallise^s in line yellow needles 
leadily soluble m alcohol (8kalweit, Annalen, 
1874, 172, 103). On heating with alcoholic 
KOH it yields dioxycinehoiudine 

Dioxycinchonidine 0i9ll22(0H)2ON2 ciys- 
tallises fiorn alcohol in lamilicd crystals It 
gives two sulphates, B, 112804,211,0 and 
B H28O4, and a platmochloi ido B H^Ptt'lg 
Hydrochlorocinchonidine 0 igH. ,( IION^* 

foimed by heating cinchonidine with H(4 
(sp gr 1 189) <vt 85° foi two days It is a base 
indistinguishable from hydrochloioapoc inclioni- 
dme and is probably identical with it 

Hydrochloroapocinchonidine O19H23CION2 is 
obtained together with apoi mchomdine by 
heating emchomdiiie m a sealed tube at 150° 
with fuming HCl foi 6 hours It ei>stallises in 

plates from alcohol, m p 200°, — 142 2° 

m dilute HCl, slightly soluble in ethei, ehloro- 
foim, or alcohol It foims a dihydiochloiide 
B 2HC1, veiy soluble in water, and a platmo- 
chlorido B H2ptCl4,2H20 (Hesse, Annalen, 
1880, 205, 327) 

IJydroiodocinchonidine CiglloglON^ is ob- 
tamed by heating cmehonidine on the water- 
bath with 5 paits of HI (sp gr. 1 7) for 24 houis 
It IS a base veiy slightly soluble m hot alcohol, 
from which it fcdls on coohng as a ciystallme 
])iecipitate, m p 166°. It gives a sulphate 
B H28O4, soluble m 25 p c alcohol Heated 
with alcoholic KOH it yields an isomeridc of 
cmchomdme, /3-cmchomdmc , and with silvci 
nitrate another isomeride, 7- cinchonidine (Neu- 
mann, Monatsh. 1892, 13, 651) 

Derivatives Isomeric with Cinchonidine — 
Apocinchonldine C19H22ON2 is formed by the 
action of HCl on cinchonidine {v Hydrochloro- 
apocmchonidme) Slightly soluble m strong 
alcohol, very slightly soluble in dilute alcohol, 
ether, or chloroform, almost insoluble in water. 
It forms small plates, m p. 225°, with decom- 
position, and has — 129-2° for 0*8 p.c. 


j solution in 97 p c. alcohol. It forms very 
' soluble amorphous salts, whose acid solutions 
, do not fluoresce, and is markedly different from 
! cmchoiudme in giving a soluble taitiate. 

I Isocinchonidine C,9ll22CN2 is obtained as 
j Its sulphonate when cmchomdme is dissolved 
1 in fuming H28()4 The base melts at 235°, and 
IS very soluble m alcohol or chlorofoim, very 
I slightly soluble m ether (Hesse, Annalen, 1888, 

I 243, 149) 

I jS-Cinchonidine Ci9H22CN2 is obtained by 
1 heating hydioiodocmchonidme foi 4 houis with 
' alcoholic KOH, and is piobably identical with 
Hesse’s homocmchomdine It forms plates or 

prisms, mp 207°, = — 181° for 1 25 p.c. 

solution m dilute HCl. On piolonged heating 
I with HCl it IS converted into apocmchomdine, 
fiom which it may be separated by means of 
I its insoluble taitrate (Hesse, Annalen, 1880, 
205, 327) 

llydro-dei ivahves of Cinchonidine — On re- 
duction with zinc and H28O4, or sodium and 
I alcohol, cmclionidmc yields pioducts very 
I siimlai, chemically and physically, to those 
: obtained from emchonmc Noiwall desciibes 
la tetrahydrocmchonidme C,9lI,flON2, obtained 
with sodium and pure amyl alcohoi (Norwall, 
Ber 1896,29,801) 

Hydrocinchonidine (cinchanudme)C 1 9H 2 4ON2, 

usually accompamew (iiuhomdme m its com- 
meicial salts, and may be obtained fiom cm- 
chonidmc sulphate nioth('r Iiquoi-s by tieatment 
with permanganate at 0° (?' Hydroquinine) 
'Phe base eiystallises fiom dilute alcoliol in 
hexagonal plates, and fiom strong alcohol m 
shoit anliydious pi isms, melting at 230° , 

98 4° for 2 pc solution m 97 ji c 
alcohol It IS almost insoluble in ether, chloro- 
foim, or watei, and less soluble m alcohol than 
cinchonidine Its salts ciystallise leadily and 
fluoicsce 111 sul[)huric acid solution (Hesse, Bei 

1881, 14, 1()83 , Forst and Boh linger, J?er. 

1882, 15, 520) 

Salts of Cinchonidine — Cinchonidine sulphate 
B, 11 28(l4,3H20 occuis as piismatic needles. 
Fiom dilute aqueous solutions needles con- 
tammg OH^O ciystallise, and fiom alcohol 
fine piisms with 211,0. 3’hese salts aic com- 
jiletcly dehydrated at 100°, but absorb 2H2O 
again on exposure to air. The anhydious salt 
melts at 205° with decomposition It is soluble 
m 100 parts of watei, m 60 of alcohol, or 1000 
of chlorofoim, at 15° , soluble in 21 of water 
at 80° , insoluble m ethei or benzene I’he 
eommcicial salt usually gives the thalleioijum 
leaction and fluoiesces with ddute H28O4 
owing to the piesence of quimiie wine h may oc cui 
to even 60 p c Cinchomno and cpiimdino aie 
.also fiecpient impuiiticis A strong hot aqueous 
solution of the salt stirred with half its weight 
of Rochelle salt and allowed to cool and filtered, 
should not show more than a slight turbicbty 
when the hltrate is treated with ammonia 
(Hesse, Zeitsch anal Chem 1876, 15, 464). 

Cinchonidine disulphate B-H2S04,5H20 occurs 
in long colourless efflorescent crystals, very 
soluble in water and alcohol (separation from 
quinine, see. ‘ Assay ’). 

Cinchonidine tetrasulphate B-2H2804,2H20, 
for the preparation see under ' Quinme Sulphate.* 
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Short colourless prisms, slowly soluble m cold 
water^ almost insoluble m absolute alcohol. 

Cinchonidine hydrochloride B HCljHaO occurs 
as fine monoclimc piisms, soluble in 30 of water 
or 300 of other at 12'’ ; soluble in alcohol or 
chlorofoim. From alcohol fine needles con- 
taining 2 H 2 O arc obtained. 

Other salts are : benzoate B C^HgOg, soluble 
in 333 of water at 10° ; hydrobromido B HBr,H 20 
slightly soluble in watci, more soluble m 
alcohol; dihydrochloride B- 2 HC 1 ,H 20 , laigc 
prisms, very soluble in water and alcohol ; 
hydriodide B HljHgO, colourless needles, slightly 
soluble in water; dihydnodide B 2 Hr,ll 20 , 
lemon-yellow prisms , nitrate B HNO^jHgO, 
needles or laigo pi isms, soluble in 71 of water 
at 10 °, oxalate B, H 2 C 204 ,()H 20 , prisms, 
soluble in 250 of water at 10° , platmochloride 
Bj H,PtClg, 2 H 20 , small oiango prisms , dipla- 
tinochloiide B H,rt( 3 fl,H 20 , orange-yellow crys- 
talline powder, insoluble in water , salicylate 
B soluble in 77 of watei at 18° , 

succinate B 2 C 4 Hg 04 , 2 Il 20 , small piisms, soluble 
in 583 of watei at 10° , taitrate B^ C 4 HgOfl, 21120 , 
fine needles, soluble in 12b5 ot water at 10°, 
insoluble in Roclielle salt solution , acid tartrate 
B 2 C 4 Hg 0 a, 3 H 20 , long prisms 

Quina7ttine and its Deriuilivcs and J^alfs ■ — 
Quinamine ^'19112402^2 occum m neaily all 
cinchona baiks to a very small extent (Hesse, 
Annalen, 1873, lOO, 200 , Ber 1877, 10, 2157) 
It accumulates in quinine sulphate mother 
liquois, fiom which it may be obtained by pie- 
cipitating quinine and cinchonidine with Roch- 
elle salt, precipitating the filtiate with ammonia 
and extracting the piecipitate with ether The 
other is washed out with acetic acid, the acid 
solution neutralised, and while still waim 
treated with thiocyanate, until on cooling 
cinchonine can no longei be detected 'fhe 
filtrate is piecipitatcd with NaOH, and the 
resinous piecipitate dissolved in a minimum of 
boiling SO p c alcohol, from which qumamino 
crystallises on cooling One gallon of quinine 
sulphate mother liquor will yield about 3 grams 
of quinamine 3’he base crystallises in delicate 
white anhydrous needles, melting at 172°, and 
has -f04° for 1 5 p c solution m chloio- 

form. Jt IS ncaily insoluble m cold water, 
soluble in 105 of 80 p c alcohol at 20°, and in 
50 of ether (Oudemans, Annalen, 1870, 197, 
150) , also soluble m petioleum, etlier, 01 
benzene. Quinamine dillers from the other 
cinchona bases in being monobasic, and theie- 
fore giving but one senes of salts It is 
coloured yellow by waim sulphuiic acid, and 
orange by nitric acid 

The chief denvatives of quinamine are . — 

Quinamicine foimcd by heating 

quinamine for a few minutes at 100 ° with con- 
centiated H 2 SO 4 . 'I’he pioduct is treated with 
sodium bicarbonate, which piecipitates the 
quinamicine in flocks, gradually becoming 

crystalline It melts at 109°, has 8 ° 

for 2 p c. solution 111 alcohol, and is soluble m 
alcohol, chloroform, or ether (Hesse, Annalen, 
1881, 207, 303) Its salts are amorphous. 

Protoquinamicine C, 7 H 2 o 02 N 2 is formed by 
heating qumamiiie to 130° with concentrated 
HgSO*. It is an amorphous brown Jbase, 


Quinamidine C 19 H 24 O 2 N 2 is foimed when 
qmnamine is heated with dilute mineral acids 
or with tartanc acid Ammonia doe^ not pre- 
cipitate the base from its solution, but NaOH 
does so It crystallises from alcohol m small 
white tufts of needles, not very soluble m ethoi 
or chloioform. It melts at 93°, and has 
[« 1 j 3=+4 5° for 2 p.c solution in alcohol 
Heated with concentrated HCl it gives a yellow 
solution turning to brown, which on dilution 
turns lose, with a strong gieen fluoiesccnce 
Quinamidine yields a ciystallme hydrochloride 
B H 01 ,H 20 , hydiobromide B HBrAl^O ; oxa- 
late B 2 H 2 F 2 ^-^ 4 » 4 H 2 () , and a platinochlonde 
B 2 H 2 Rt(!lg,HH 20 Its hydrochloiide gives a 
purple coloui with AuCla m aqueous solution 

Apoquinamine C, 9 H 220 N 2 is obtained by 
boiling €|uinamme or quinamicine with HCl 
(spgr 1 125), or with 25 pc H 2 SO 4 for 3 
minutes (Hesse, Annalen, 1881, 207, 294) It 
cr;ystallises in lolourless scales, melting at 114°, 
soluble m alcohol, thloroform, 01 ether Its 
akoliohc solution is optically inactive and 
neutral to litmus It is a feeble base, but 
leadily gives a ciystallme hydiochloiide 
B H(U,^H 20 (Ificvoiotatoiy) , mtiate BHNO 3 , 
oxalate B 2 H 2 (* 2 C 4 ,H 20 , tartrate 

and platmochloride B 2 H 2 ptClg, 2 H 20 

Salts of Quuiaminc — Quinamine gives a 
eiystallmo cliloiate B HCK)^ , perchloiato 
B 11 C 1()4 , hydrobromide B HBi,H 20 , thick 
piisms, very soluble in water or alcohol , hydio- 
chloiidc B IK'bH^O, colouiless piisms, readily 
soluble in watci , hydiiodide BHl, small 
eoloiiiless piisms, soluble in 71 of watei at 10 ° , 
nitiatc B RNOj, piisms, soluble in 10 5 of 
water at 15° , sulphate, hexagonal plates or 
short piisms, very soluble in water , and an 
amorplious yellow platmochloiide 

B 2 H 2 ptC!lg, 2 H 20 
decomposing m the light 

Conquinanime and its Salts 

Conquinamine, C’,bH 2402 N 2 , an isonunde of 
((uinamine is found in the alcoholic motliei liquor 
from which quinamine is crystallised, ancl is 
separated from it by fi actional crystallisation 
of their mtiates, oxalates, or hy cl 10 bromides, 
the conquinamine salts being tlie moie soluble 
(Oudemans, Annalen, 1881, 209, 38 , Hesse, 
thid 02) It crystallises from alcohol in long 
piisms or pyiarnids, melting at 123°, and has 

[a]^^=-|-204 4° for 1 pe solution in absolute 

alcohol. It IS soluble in 7 4 paits of 91 p c. 
alcohol at 19° ; in 7 4 paits ot other at 15° ; 
in 4*1 parts of benzene at 18° , almost msoliible 
in 50 pc alcohol 01 111 watei It behaves very 
like cpunamine and is monobasic, but its salts 
arc generally the more soluble Its oxalate, 
heated to 105°, melts and changi's to cpiinamicine 
oxalate and then to apociuinamme oxalate 
Heated with H(4 (spgr 1 125) it is converted 
mto apoquinamine Its acid solution with 
AuClg gives a golden precipitate followed by a 
purple colouration 

Salts — Acetate B*C 2 H 402 , dimetric crystals, 
soluble in 10*1 of water at 13*6° ; chlorate 
B’HClOg, needles, soluble in 104 of water at 
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16® ; perchlorate B HCIO4, long needles or 
short prisms, soluble m 35)6 of water at 16® ; 
formate B’CH^Og, rnonoclmic crystals, soluble 
m 10*8 of water at 15® ; hydrocliloride B HCl, 
large octahedia, moderately soluble m water, 
hydrobromide B HBr, monoelmic prisms, soluble 
m 25 8 of water at lb®, hydriodido B HI, 
plates, soluble m 106 of water at 16®; mtiate 
B’HNOg, rhombic crystals, soluble in 76 of 
watci at 15® ; oxalate B^ C^H ^04,311^0, ihombic 
crystals, soluble in 82 3 ol water at 17® , quinate 
B C7 H j ,( )g,2 H ^O, prisms , jilatmochloi ide 
B2‘H2*^*BJlg,2H20, amorphous orange-yellow pre- 
cipitate , sulphate B, H^804, long prisms, 
readily soluble m watei or alcohol 

A7riorphom Ba,s(t,s. 

Diquinicine (diconquinine) C4oH4g03N4 This 
amoiphous base is the chief constituent of 
commeicial quuioidme, and its constitution is 
very doubtful. He^se found the moleculai 
weight by the cryoscopic method to bo about 
one- half of that represented by the above 
formula (Ber. 1877, 10, 2155) It is prepared 
by neutralising quinoidino with oxalic acid, 
thoroughly dehydrating, powdering the oxalate 
and oxti acting with cold chloroform Quimcme 
oxalate remains undissolved, and on adding a 
little water to the chloroform solution and 
allowing to stand a short time, cinchonicme 
oxalate ciystallises out, and is filtered off On 
evaporating the chloioform solution to dryness 
diquimcine remains as an amorphous red mass 
It is dextrorotatory, gives a fluorescent solution 
m dilute H28O4, and gives the thalleioqum le- 
action No crystalline salts have been obtained 
Dicinchonicine (dicinchonine) C38H44O2N4 
This base occurs in the bark of C losulenta and 
C succirubra, together with the principal 
cinchona bases It is prepared from the rnothei 
liquor, after precipitating the cmchomdmo as 
tartrate, by rendering alkaline and extracting 
with ether The ethereal solution is ex ti acted 
with dilute acetic acid and the acid solution 
exactly neutralised with NaOH and fractionally 
precipitated with jiotassium sulphocyanide The 
dicmchonmo thrown down, mainly in the middle 
fractions, is again put thiough ether and 
crystalhsed as hydrochloride (Hesse, Annalen, 
1885, 227, 153) The free base is a yellow 
amorphous body with a strong alkaline reaction, 

m p 40°, [a]j^j'’=4-91 7° fora 1 52 p c solution in 
97 p c alcohol It is very soluble in ether, 
acetone, alcohol, chlorofoim, 01 benzene, 
insoluble in alkalis 1’he molecular weight 
determined by the ciyoscopic method indicates 
half that of the above formula It gives a 
crystalline hydrochlondo B 2H(J1, easily soluble 
prisms , platinochlonde B 2H2BtCle,4H.20, 
orange flakes , hydi iodide, compact crystals, 
readily soluble m water, insoluble m NaCl or 
KI solution , and oxalate, easily soluble pnsms , 
but its other salts are amorphous On heating 
with HCl to 140°- 160° it 18 converted into an 
isomende, diapocinchonimne, an amorphous base 
soluble m ether, alcohol, or chloroform, having 

[a]^^=+20° m alcohohe solution (Hesse, Anna- 
len, 1880, 205, 333) 

Paricine C^eHigONa was discovered by 1 
Wmckler (Jahresber. 1845, 27* 338) m the barks J 


of Buena hexandra and C. lutea. Later, Hesse 
found it m C. succirubra of Darjeeling (Pharm J. 
1870, [3J 1, 344; Annalen, 1873, 166, 263). 
It is separated from the other cinchona bases 
by nitnc acid, paricme nitrate being insoluble. 
The free base is obtained by suspending the 
mtiate in alcohol, decomposing with ammonia, 
and crystallising from peti oleum ether It is 
jniiified by chssolvmg in dilute HCl, docolouiising 
with aiumal black and precipitating with 
ammonia 'I’lie puie paricine thus obtamod is 
a yellow amorphous jiowder, soluble 111 water, 
alcohol, ether, and petroleum ether; mp 116°. 
Its salts aie amorphous 

Javanine was found by Hesse among the 
amorphous bases of C. Calisaya javamca It 
separates from water in rhombic scalra, very 
soluble in ether, and gives an intense yellow 
colour with dilute H ,804 It yields a crystallmo 
oxalate (Ber 1878, 10, 2162). 

Remijia Bases. 

Cit'pteine and ilt> Derivatives and BalLs — 
Cupreine CjgH^aO^N^ occum in cuprea bark 
(Kemijia jieilunculata) togethei with the other 
cinchona alkaloids, except tiruhomdinc Its 
molecular combination with quinine was at 
fii-st mistaken for a new alkaloid, and called 
liomoqummo (Howard and Hodgkin, Chem. 
80c Trans 1882, 41, 66, Paul and (/ownley, 
Pharm J 1881, 12, 497) Three years later, 
Paul and Cownley isolated the new alkaloid 
cupreine from homoqumme (Pharm J 1884, 
15, 221, 401 , Hesse, Annalen, 1884, 225, 98 , 
tbid 226, 242 , 1885, 230, 72) Cupreine com- 
pletely ciystallises out with the quimne when a 
sulphuric acid solution of the bases is neutralised 
ft IS separated from the (juinme by dissolving 
this rough sulphate in acid, precipitating the 
solution with exciss of NaOH, and extracting 
the quinine with ether The alkaline aqueous 
hquor on neutralising with H28O4 throws out 
cupreine sulphate The base crystallises fiom 
ether in concentiic pnsms contaimng 2H,0, or 
from alcohol as a ciystallme powder contaimng 
JllgO, dehydrating at 120° It is spaimgly 
soluble in ether or chlorofoim, easily soluble m 
alcohol, m p 198°, — 175 3° for 15 pc. 

solution in 1)7 p c alcohol Its solution in 
dilute H2SO4 does not fluoresce, but gives the 
thalleioqum leaction , and with ferric chloride 
a reddish-brown colour is obtained Cupreine 
IS the lowei homologue of quinine having a 
hydroxyl gioup replacing the methoxy group of 
quinine m the paia- position of the qumolmo 
ring This — OH gioup has phenolic piopertics 
which enables cupicme to form salts with the 
alkalis, and stiong compounds with the other 
cinchona bases It is also dibasic, forming 
readily ciystallme salts with acids Heated 
with HCl (sp gr 1 125) to 150° it is converted 
into an isomer, apoqumine, the same body 
being obtained from quinine under similar 
treatment {q v ) When sodium cupreinate is 
treated m methyl alcohol solution with methyl 
chloride or methyl nitrate, quimne (methyl- 
cupreme) is obtained (Gnmaux and Amaud, 
Compt rend. 1891, 112, 374, 766; 114, 548, 
612) By this reaction the following higher 
homologues of quimne were obtained by 
Gnmaux anni Arnaud : — 
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Quinethyline C,9H2oN2(OH)OC5jH5, a white 
powder, m.p. 160°, fo]D— — 169*4° ; sulphate 
B2*H2S04,H20, plates, soluble m 397 of water 
at 16°. 

Qulnpropyline Ci9H2oN2(OH)OC3H7, a white 
powder, m.p. 164° , sulphate B2*H2S04,liH20, 
needles, soluble in 454 oi water at 13°. 

Quinisopropyline Ci9H2oN2(OH)OC3H-, a 
white powder, m.p 164° ; sulphate Bg *H 2S04,H20, 
needleij, soluble m 367 of water at 10° 

Qulnisoamyline Ci9H2oN2(OH)OC5Hii, amor- 
phous, m p 167° , sulphate Bg H2SO4, needles, 
soluble in 4170 of water at 11*5°. 

7’hese others all give fluorescent solutions in 
dilute H2SO4, whereas cupreine does not They 
are strongly febrifugal, but more toxic than 
quinine 

Homoquinine. The molecular compound 
of quinine and cupreine named homoquinine 
C20H24O2N2 0 j 9H2,02N2,1, 2, or 4H2O 
may bo obtained by dissolving equi- molecular 
proportions of the two alkaloids in alcohol and 
evaporating to dryness, 01 by mixing 1 molecule 
of quinine hydrochloride with 1 molecule of 
sodium cupremate (Hesse, I c ) It behaves 
like a simple alkaloid, alkalis alone breaking it 
up, and forms well-defined salts It melts at 
177°, IS la'vorotatory, and dissolves with diffi- 
culty in ether, but readily in alcohol 

For Hydrocupreine, see ‘ Hydioqiiinme.’ 

Salt^ of Cupreine — Acetate B C2H402,2H20, 
fine needles, soluble in 85 of water at 17° ; 
hydrobromide B HBr,H20, needles, soluble in 
122 of water at 16° , dihydro bromide B 2HBr, 
soluble in 12 5 of water at 1()° ; hydrochloride 
B*HC1,H20, small needles, soluble in 53*5 of 
water at 16°; dihydrochlonde B*2H(3, short 
prisms, readily soluble in cold water , hydriodide 
B HI, soluble in 106 fi of water at 16° ; dihy- 
driodide B 2HI,H20, orange crystals, soluble 
in 15 of water at 16° , nitrate B HN03,2H20, 
needles, soluble in 86 of water at 16° ; dmitrate 
B 2HN03,H20, yellow transparent crystals, 
soluble in 12 2 of water at 17°; oxalate 
B C2H204,2H20, coloiiiless crystals, soluble in 
407 of water at 1 8° ; platinochloride 
B2H2Pt0l9,4H2O 

yellow amorphous precijutate ; diplatinochloride 
B*H2PtCl4,H20, orange nccdleii ; sulphate 
B2H2»S04,6H20 (Hesse), anhydrous (Howard 
and (^hick, J. Soc (^.hem Ind 1909, 28, 53), 
needles, soluble in 813 of water at 17°; disul- 
phate B*H2S04,H20, thick prisms, soluble in 
70*4 of water at 16° ; tctrasulphate 

B*2H2S04,3H20 

short silky needles, very soluble m water, less 
soluble in alcohol ; tartrate Bg C4H904,H20, 
white needles, soluble in 517 of water at 16°. 

Cinrhonamine and tts Salts — Cinchonamine 
(^1 9 W24ON2 occurs in the bark of Remijia Purdi- 
cana, together with cinch omne, concusconme, 
ohairamine, chairamidine, conch airamine, and 
conchairamidine It is obtained by extracting 
the powdered bark with hot dilute H2SO4, the 
acid extract is precipitated by ammonia, and 
the precipitated bases filtered and dried. This 
dried mass is then extracted with boilmg 
alcohol, the alcohol extract concentrated, 
cooled, and treated with HNOg (sp gr. 1 200) 
until decidedly acid Cmchonantine nitrate is 


precipitated and is purified by recrystallisation 
from boiling water (Arnaud, Compt rend 1881, 
93, 693; 1885, 97, 174; Hesse, Annalen, 1884, 
226, 21S). 

The base crystallLses in needles or ortho- 
rhombic prisms, melting at 185°, and subliming, 

121*1° for 2 pc solution in 97 pc. 
alcohol It dissolves in alcohol or chloroform, 
and in 100 of ether at 17° ; shghtly soluble m 
ben/ene, petroleum ether, CSoj or water. It is 
a strong base, giving well-defined salts, and differs 
from its isomende^, hydrocinchonine and hydro- 
cmchonidme, m being readily attacked by 
permanganate at 0° in H2y04 solution It 
differs fiom the cinchona base^ in the great 
solubility of its sulphate and the insolubility of 
its nitrate. Amaud proposed the use of this 
alkaloid for the estimation of nitrates, but the 
method is limited in its application (Ann. Chim. 
Phys 1890, 19, 93 , Howard and (!hiek, J Soc. 
(^hem Ind 1909, 28, 53) Treated with excess 
of nitric acid (sp gr I 06) a yellow amorphous 
explosive body, dinitroemehonamine 

IS formed, soluble m alcohol, chloroform, or 
ether, and melting at 118° This base is insoluble 
in strong HCl, but soluble m the dilute acid ; 
and on heating with strong HCl does not give 
methyl chloride. It is strongly febrifugal, but 
also very toxic 

SalL'i — Citrate Bg CgHgO^, prisms, soluble 
m 51 of water at 15° , hydrobromide B*HBr, 
long needles, soluble in 660 of water at 15°, 
hydrochloride B HCl, soft lamina?, or B HC^HgO, 
transparent cubes, both soluble in 200 of water 
at 27° (Howard and Perry, J Soc Chem Ind 
1905, 24, 1281) , hydriodide B HI, long prisms 
or plates, soluble in 950 of water at 16° , hypo- 
sulphite B'HgSgO,, prisms, shghtly soluble m 
water ; malate Bg C4H805,H20, flaky crystals, 
soluble in 100 of water at 15° ; nitrate B HNO3, 
short prisms, soluble in 600 of water at 16° , 
platinochloride Bg HgPtCl^, semi-crystalline yel- 
low precipitate, insoluble in water , pierate 
B C9H2(N02)3 0H,^H20, yellow flocks, insoluble 
in water , sulphate Bg H2SO4, transparent 
prisms, very soluble in water, less soluble in 
alcohol , disulphate B H ,804, octahedra or 
prisms, very soluble in water , sulphocyanide 
B HCN8, laminse or short prisms, insoluble in 
water , taitrate Bg f^H^Og, crystalline powder 
or thick prisms, soluble in 87 o^ water at 15°. 

Concusconine C23H2e04N«. To pioduce this 
base Hesse extracted Remijia Purdieana with 
alcohol, evaporated the extract to dryness, 
added a large excess of NaOH, and extracted 
with ether. On shaking the etheieal extract 
with excess of dilute H2SO4 the concusconine is 
precipitated as sulphate together with the 
chairamine isomerides , the cinchonine and cin- 
chonamine remaining m the acid solution The 
rough sulphate is boded with Na>CO, solution, 
and the freed bases washed, diied, weighed, 
dissolved in boiling alcohol, and 1 part of H2SO4 
added for every 8 parts of alkaloid. Con- 
cusconine sulphate separates out completely on 
cooling (Annalen. 1884, 225, 234). The base 
forms colourle,ss monoclinic prisms containing 
IHgO; mp, after drying, 206°-208° with 

decomposition; 4-40*8° for 2 p.c. solution 
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m 07 p.c. alcohol. It is slightly soluble in 
strong alcohol, less so in dilute, very soluble in 
chloroform, ether, or benzene. A solution in 
acetic acid or HCl gives a dark-green colour with 
concentrated HNO3. This reaction is also given 
with the ohairamine isomendes. Concentrated 
H5JSO4 gives a bluish-green solution, turning 
olive-green on warming. It is a weak base, its 
alcoholic solution being neutral to litmus. Its 
salts are mostly gelatinous, but it gives a crystal- 
line sulphate B2‘H2S04 in small white prisms 
almost insoluble in water or alcohol ; an oxalate 
B2*C2H204 ; and a platmoehlonde B'HgPtCIg. 
Conciisconme is isomeric with brucine It 
contains two methyoxy groups 

Chairamine C..2H2e04N2. On addmg a little 
concentrated HCJl to the alcoholic mother liquor 
of the eoncuscomne sulphate (above), chairamine 
hydroclilorido crystallises out in small needles. 
The base crystallises from dilute alcohol in 
slender white needles or from strong alcohol in 
thick prisms containing IH2O, which melt at 
140°, and, after drying, at 2315°, fa]j)= about 
4 100 in 07 p c. alcohol It is readily solubk' in 
chloroform or ether, and in 540 of 97 p c alcohol 
at 11° Its acetic acid solution gives a dark- 
green colour with concentrated II NO, In 
concentrated H2SO4 the base gives a colourless 
solution, slowly tinning dark green It gives a 
hydiochloiide B*H01,1J20, needles, soluble in 
water, slightly soluble m alcohol a platino- 
chloride B*H.,Pt(Jl4,2H ,0 , and a sulphate 
B2-JI,S()4,8H2b 

Conchairamine 022H2e04N2. On adding a 
little solution of potassium sulphocyanide to the 
chairamine hydiochlonde mother liquor (above), 
conchairamine sulphocyanide is obtained 
The base is liberated with NaOH and re- j 
crystallised from alcohol. Thick colouiless 
prisms B H2O obtained, melting 

at 82°-8()°, and losing their watci and alcohol 
of crystallisation at 120°, being at the same 
time converted into an amoiphous form 
An acetic acid solution of tho b.iso pre- 
cipitated with ammonia yields white crystalline 
flocks containing 1H2(), melting and de- 
hydrating at 1 10° 1’he anhydrous base m(*Its 

at 120°, and has ~f-r)8*4° for 2 p c solution 

in 97 p c alcohol It is soluble in chloroform 
or ether and m boilmg alcohol In concentrated 
JI2SO4 the base gives a brown solution turning 
dark green It gives a daik-green coloui in 
acetic acid solution with concentrated HNO, 

A solution of the base in alcohol is neutral to 
litmus Its salts are readily ciystallme, the 
chief being • hydrochloride B H(fl ; hydnodide 
B HljHgO , platmoehlonde B II 2 PtClgjSHoO , 
sulphocyanide B HCNS,H20 ; sulphate 

B, H, 804,91120 

Chairamidine 022ll26^^4^2‘ When more potas- 
sium sulphocyanide is added to the filtiato from 
the conchairamine sulphocyanide until tho daik 
colour of the solution becomes light brown a 
pitch-like mass separates. Tho mother liquor is 
now treated with excess of ammonia and shaken 
out with benzene ; the benzene is extracted 
with acetic acid and the acid solution treated 
with a saturated solution of ammonium sulphate, 
when a mixture of chairamidine and conchair- 
amidine sulphate is precipitated. 'J’ho mixed 


sulphates are dissolved in boiling water and 
cooled, a gclatmous mass precipitating, part of 
which becomes crystalline after standing some 
days On now warming to 40°. tho gelatinous 
part redissolves, leavmg the crystals of conchair- 
amidine sulphate On ro-coolmg chairamidine 
sulphate falls again as a jelly, which is drained 
off, re dissolved in water, and the base precipi- 
tated with ammonia 

Ohairamidine is a white amorphous powder 
containing IH2O, melting, when dry, at 126°- 
128° with decomposition, and has 4-7-3° 

for 3 p c solution m 97 p c alcohol It is 
insoluble m water, readily soluble m alcohol^, 
other, chlorofoim, or benzene It is a feeble 
base, its alcoholic solution being neutral to 
litmus It gives a yellow solution in concen- 
trated H2S()4, slowly turning green. Animal 
black com])letely removes it from its solution 
111 acetic acid Its salts, wliuh are amoiphous, 
have been little studied 

Conchairamidine f'>2H2604N2. This base is 
obtained as crystalline sulphate in the prepara- 
tion of chairamidine (above) 'Phe free base is 
crystalline, contains IHgO, molts at 114°-115° 

after drying, and has -60° for 3 p e 

solution of the aiihydious bast- in 97 p c alcohol 
It is very soluble in alcohol, ethci, (hlorofoiin, 
benzene, or acetone It is a feeble base and 
neutral to litmus it gives a dark-gieen colour 
in concentrated 1I2S()4. It gives erystallme 
salt/S, the chief being hyclrochloride B H( 31, SILO, 
platinocliloride B H,PtCL,5H 43 , suhihatc 
B 2 H2«04, 141120 

Cusco Basks 

Aricine C23H26O4N2. This alkaloid was 
discovered in (3u8eo bark by Pelletier and 
(Jorriol (J Phaim C31iim 1829, 15, 575), and is 
identical with Manzmi’s emchovatme Hesse 
obtained this base by extracting tho powdeiod 
bark with alcohol, treating tho alcoholic extract 
with excess of NaOH, and extracting with 
ether. The ethereal solution was shaken out 
With acetic and, and the acid solution partially 
neutralised with ammonia, when ancino acetate 
separates out The filtrate mixed with a 
strong solution of ammonium siilpliate, yielded 
cusconme sulphate (Annalen, 1878, 185, 2116) 
Moissan and Landnn, alter powdering tho bark, 
tieatmg it with lime and 40 p c NaOH and 
re-diying, extiact the alkaloids with ether. 
On washing cut the ethereal solution with 
dilute H2SO4 aricine sulphate falls out, is 
decomposed with ammonia, and the free base 
crystallised fiom alcohol (J. Pharm Chim 1890, 
[5J 21, 337). 

Aricine forms large colourless prisms, insol- 
uble in water, soluble m 100 of 90 p c alcohol, 
or in 33 of ether, at 15° ; very soluble in chloro- 
form It melts at 188° and has 58 2° 

for 2 p.c solution in 97 p c alcohol. In acid 
solution it IS dextrorotatory, [a]j,= -j-14 5°. It 
gives a yellow-green colour in strong HgSO,, 
turning a fine deep blue on addition of ammonium 
molybdate, which on warming turns olive-green, 
reverting to blue on cooling This reaction is 
characteristic for aricine and ciisconino Nitric 
acid colours ‘aricine deep green, and dissolves 
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it to a greenish-yollow solution. Aricine is not 
bitter in flavour, but slightly astringent. It 
IS a feeble base, its salts partly dissociating m 
water 

The chief salts are : acetate 
B-C2H,04,3H20 

small white granular crystals, almost insoluble 
in cold waler, slightly soluble in hot ; citrate 
B colourless needles, slightly soluble 

in water , hydrochloride B HC1,2H20, colourless 
prisms, slightly soluble in cold water ; hydriodidc 
B*H1, colourlci^s prisms, almost insoluble in 
water ; oxalate, granular white erystallmo 
powder; binoxalate B (UH,04,2H2(), prisms, 
rapidly changing to ihombohedra, soluble in 
2025 of water at 18*^ , platinochloiide 
B^ H2Pt(Jlg,51l20, orange-yellow precipitate, 
spaiingly soluble in water , salicylate 
B07HeO3,2HoO 

pale yellow pulvciulent precipitate, sparingly 
soluble in water, easily soluble in aleoliol , 
sulphate B, H2S()4, fine needles, fairly soluble 
in cold water, disulphate B small 

erystallme gioiips, very slightly soluble^ in cold 
water , sulphof yanide B TICNS, small colouiless 
prisms, very slightly soluble in water 

Cusconine lough euseo- 

nme sulphate, obtained from the aricine aietate 
mother liquid (above), on precipitation with 
ammonia as the base and crystallising from 
ether, is obtained as white lamina*. Prom 
alcohol or acetone larger crystals may be 
obtained The crystallised base contains 21120, 
which it loses at 80°, the anhydrous base melting 

at 110°. It has 54 3° foi a 2 p c solu- 

tion in 97 p c alcohol The base dissolves m 
35 parts of other at 15°, nifirc easily m alcohol 
or acetone, is very soluble in chloroform, but 
IS insoluble in water It gives the same colour 
reactions with H28()4 and ammonium molybdate 
as aricine ft is a feeble base, its salts having 
an acid reaction Most of the salf-s are gela- 
tinous or amorphous Hesse (Ann.ilen, 1878, 
185, 29(5) prepared the following salts . auri- 
chloiide, dirty yellow amorphous precipitate 
readily decomposing ; hydrobromide, white 
amorphous prei ipitate, soluble in water , 
hydiochloiide, uncrystal lisable, but foims with 
mcT curie chloride a pulvt*rulent piccipitate 
BdlOl HgCl2,2H.20 , hydiiodide, pale yellow 
amorphous precipitate, freely soluble in watei , 
platinochloride B2,H2VtClg,5H20, amoiphous 
Hocc’ulent dark yellow precipitate ; sulphate 
B2H2SO4, lamina' from alcohol, disulphate, 
gelatinous and uncrystallisable ; thiocyanate 
B H(JNS,2H20, pale yellow amorphous powder 
Cusconidine, an amorphous base precipitated 
from cusconine mother liquors with alkalis ; it 
falls as pale yellow flakes which, after washing, 
mass together, and on drying form an amorphous 
mass (Hesse, Annalen, 1880, 200, 303) 

Cuscamine. From an acetic acid solution 
of the total alkaloids of Cusco bark nitric acid 
precipitates insoluble cuscamme and cuscamidino 
nitrates. On conversion of the nitrates to 
oxalates, and washing with water, cuscamidme 
oxalate dissolves, leaving cuscamme oxalate 
The free base is obtained by treating with 
NaOH, and crystallising from ether and alcohol 
Cusoamine forma colourless prisms, m.p. 218° 


(uncorr ), with decomposition, very soluble in 
ether, moderately soluble m alcohol. It gives a 
yellow colour with concentrated H2SO4, turmng 
brown on warming ; on adding molybdic acid 
a bluish-green colour is obtained, turning brown 
on heating, and violet-brown on re-coolmg 
With nitric acid a yellow colouration is obtained 
It readily yields crystalline salts (Annalen, 
1880, 200, 304). 

Cuscamidine is obtained by concentration of 
its oxalate solution obtained as above It 
( losely lesembles cuseamine m chemical and 
[ihysical pioporties, but its salts are more 
soluble 

A.spid()SPerm\ Bases. 

Paytine (J2iH24()N2 is extracted from the 
white bark of Payt.i (Peru) by means of alcohol 
The alcoholic extract is diied, mixed with 
j NaOH, shaken with ether, the etlu'real solution 
I extractc'd with dilute H2SO4, the acid liquoi 
[ tieatcd with animal (hanoal and noutialised 
I with ammonia On adding KI solution 
I until no more jirccipitation occurs, paytine 
hydiiodide f.ills as a white precipitate, be- 
( oming dense, yellow, and erystallme. The 
flee base crystallises in fine prisms con- 
taining IH>0, and is soluble in alcohol, 
(‘ther, ben/.ol, ligroin, and chlorofoim, slightly 
soluble in watei; m j) 155°, [a]^— — 49 5° in 
0 45 p c alcoholic solution An alcoholic 
solution IS alkaline to litmus 3’ho base has a 
bitter flavour, but is not toxic It gives curious 
charac tens tic colour reactions. With con- 
centrated 11 NO 3 it gives a colouiless solution 
jiassmg thiough gainot-rcd to yellow. Its 
hydrochloride yields with platinum chloride a 
daik yellow precipitate, dussolving in HCl to a 
leddish-biown solution, turning blue and giving 
a blue precipitate Bleaching powder produees 
m acid solution a dark red colour, turning blue 
and then pale yellow with precipitation (h)ld 
chloride gives a pin pie colour and precipitate; 
mercuric chloiide a yellow amorphous precipi- 
tate It gives several crystalline salts, the 
chief being the hydiochloride B 11(3, prisms, 
soluble in 10 0 of water at 15°. Heated with 
soda-lime it yields a non-nitiogenous body, 
paiftoue (Hesse, Annalen, 1870, 154, 287 , 
1873, 100, 259, 1882, 211, 280, Ber 1881, 13, 
2308 , Wulfsberg, Pharm Zeit 1880, 640 , 
Arata, Gazz. chim. ital 1881, 11, 240). 

Paytamine C2iIl24GN2 is an amorphous 
alkaloid precipitated fiom the iodide mother 
liquor of paytine hydiiodide (^9ee above) by 
alkalis It IS readily soluble m ether, gives a 
lurple colour with gold chloiide, but differs 
loin paytine in yielding a soluble hydriodide, 
and by not giving paytone on heating with soda- 
lime B F H & 0. C. 

CINEOL V (Jampiiors, Santonica. For 
method of estimating cmeol in volatile oils, sae 
Hodge, Analyst, 1912, 401 For its solubility 
in water, 5ce Earle, J. Soc Chem. Ind. 1918, 
274 T. 

CINNABAR. Native mercury sulphide (HgS), 
and the only ore of this metal. Its crystals are 
rhombohedral, with perfect cleavages parallel 
to the faces of the hexagonal prism ; they are 
of interest orystallographieally in presentmg the 
same type of trapezohedraLsymmetry as quartz. 
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and, like this, they rotate the piano of plane- 
polarised light. They are bright-red in colour, 
often transparent, and have ahnlliant adaman- 
tine to sub-metallic lustre ; the scarlet streak is 
characteristic. Sp gr. 8*1 ; hardness, 2-2i. 
The refractive indices are high • for the ordinary 
ray 2*854, and for the oxtraordmary ray 3*201 
for rod light. The massive ore, which may be 
compact or earthy m texture, is of the same 
colour, but sometimes it is liver- brown or black, 
owing to the admixture of clay or organic matter, 
as in the varieties called respectively JippaUc 
CAvnaJmr and coral-ore (German, Korallenerz). 
(Jinnabar is very sporadic m its distribution, 
and no mineral containing mercury has yet 
been found in the British Isles It is mined 
at Alrnaden m Spam , Monte Arniata in Tus- 
cany , Idna m Gamiola , New Almadcm m 
(California , in the provinces of Kwei-chou and 
Hunan, in central China , and m Mexico and 
Peru. 

Cinnabar and two other crystalline modifi- 
cations of mercuric sulphide have been obtained 
artificially by E Allen and J L (Venshaw 
(1912) Cinnabar is the stable form at all 
temperatures up to its sublimation ])Oint, about 
580®. L J. 8. 

CINNABAR, AUSTRIAN, Ckik^ium 

CINNAMALDEHYDE, (hnnamic aldehyde 
CgHg CH (U1*(;H0, IS contained, together with 
a hydrocarbon, in oil of < innamon and oil 
of cassia It may be extracted from oil of 
cinnamon by shaking the oil with a concen- 
trated solution of sodium bisulphite, filtering off 
the cryst-allmo bisulphite compound, washing 
the latter with alcohol and distilling it with 
dilute sulphuric acid, when the cmnamaldehyde 
asses over with the steam The cinnamalde- 
yde IS extracted from the aqueous distillate 
with other, and, after expelling the ether, is 
purified by distillation under a pressure of from 
40 to 50 mm (Peine, Ber 1884, 2109) It may 
be extracted from cassia oil by adding to it the 
banum salt of sulphanilic acid, filtering off the 
crystalline compound thus formed and steam 
distilling, whereby the compound is resolved 
into its components and cmnamaldehyde distils 
over (Ch. Fab von Heyden Akt -Gesel I). R P 
^ 24229, (^hem Zentr 1901, ii fK)3) It is 
< 1 stained by allowing a mixture of 10 paits of 
ben/aldehyde, 15 of ordinary aldehyde, 900 of 
water, and 10 of a 10 pc solution of caustic 
soda to stand at a temperature of about 30® 
for from 8 to 10 days, shaking from time to 
time . 

c„H6*cno+CH3*cBo=C8n5*cn ch cno+HgO 

The solution is extracted with ether and the 
ethereal extract treated as in the foregoing 
method (Krszysica, Ber 1884, 2117) It is 
best prepared by the condensation of benzaldc- 
hyde and ordinary aldelivde at a low tempera- 
ture by means of a concentrated alkali solution 
The alcoholic solution of the aldehydes, cooled 
to 10®, IS agitated with a 25-30 p c solution 
of caustic soda, previously cooled to the same 
temperature Under these conditions the forma- 
tion of resins is avoided ( Boehrmger and »Sohne, 
Eng Pat 10003; J Soc. (^hora Ind 1897,403), 
Also formed when a mixture of calcium cinna- 
mate and calcium formate is distilled (Pina, 
Annalen, 100, 105) 


It is a colourless oil with a pleasant aromatic 
smell of cinnamon It decomposes when dis- 
tilled under ordinary pressures, especially with 
access of air, but may be distilled without de- 
composition in a current of steam or under 
reduced pressure. It boils at 120®- 130° under a 
pressure of 20 mm (Peine, Ber. 1884, 2110); 
at 209 5® under 250 mm. (Perkin, Chem. Soc. 
Trans. 1896, 1247) and solidifies at —7*5® 
(Pictet, Compt rend. 119, 955); sp.gr. 1 0497 
20°/4® (Bruhl, Annalen, 235, 18). 

By oxidation it yields first cinnamic acid 
and afterwards bonzaldehyde and benzoic acid. 
Direct reduction does not lead to cinnamyl 
alcohol as the aldehyde polymerises. Reduction 
with the zmc-copper couple gives nso to hydro- 
cinnamoin C' 2 H 2 (OH) 2 (('H . CHPh )2 (Thiele, Ber. 
1899, 1296) Jt gives the usual reactions of 
the aldehydes The diacetyl derivative of the 
aldehyde, obtained by the action of acetic anhy- 
dride, can, however, be easily reduced by iron 
in acetic acid solution, and by subsequent 
saponification the alcohol is obtained (Barbier 
and Leser, Bull Soc chim 1905, 858) 

Ebtimation. — To estimate cinnamic aldehyde 
in oil of cinnamon or oil of cassia, 10 e c. of the 
oil are heated on the water-bath, and a solution 
of sodium bisulphit/O added in small quantities, 
time being allowed for the solid to liquefy between 
each addition The precipitate is filtered off and 
weighed (Schimmel, Chem Zentr 1892, i 92). 
Hanus (J Soc (.^hem Ind 1903, 1154) estimates 
cmnamaldehyde by means of its semioxama- 
zono See wiw- Burgess, Analyst, 29, 78. 

It may be estimated colonmetrically by the 
reaction it develops on treatment with sulphuric 
acid and i.s’obutyl alcohol (Jcllenborg) 

CINNAMEIN V Balsam of Peru, art 
Balsams 

CINNAMIC ACID CeHg'OH.CH COOH (Acide 
ctnnarnique, Fr , Zinmitsaure, Gcr ) fi-Phenyl- 
acrylic acid The separation of a solid acid 
from oil of cmnamon on keeping was first 
observed towards the end of the 18th century, 
but the acid was confounded with benzoic acid, 
until Bizio, in 1 826, showed that it was a 
distinct acid. It was first investigated by Dumas 
and Pehgot (Annalen, 14, 56). 

Occurrence — In liquid storax, partly free, 
partly as cinnamyl emnamate (styracm) , in 
toll! and Peru balsams together with benzoic 
acid and benzyl emnamate; m some sorts of 
gum benzoin , in Barbados aloes ; and m the 
leaves and stalks of Glohiilana alypum and G. 
vulffari% m the leaves of Enhantlms 'lapontcvs, 
anci as esters m many varieties of guttapercha 

Formation and Preparation — It is formed 
by heating benzaldehyde with acetyl chloride at 
120°- 130® (Bertagnmi, Annalen, 100, 126) : 

CH0-}-CHvC0Cl==CgH5'Cn CH COgH + HCl 

Perkin showed that it might be more readily 
obtained by heating a mixture of benzaldehyde, 
acetic anhydride, and anhydrous sodium ace- 
tate 

CgHg CH0+(Cn3*C0)20“CgH5*CH CH C02H-fC2H402 

(Chem. News, 32, 258 , Chem. Soc. Trans. 1877, 
388) Edeleano and Budishteano (Bull. Soc. 
chim 3, [3j 191) stato that by heating 1 part of 
benzaldehyde, 1 part of acetyl chloride, and 3 
parts of sodiqm acetate for 24 hours at 160®, and 
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subsequently extracting with alkali and precipi- 1 
tating the cinnamic acid with hydrochlonc acid, ! 
the cinnamic acid is obtained in quantitative 
yield The cinnamic acid employed in the pre- i 
paration of artificial mdigo was at first manu- ] 
lactured by this method ; but the process was 
afterwards improved by Caro (D. R. P. 17467 and 
18232 ; Frdl. i. 26), who showed that cinnamic 
acid could be prepared by heating benzal chlonde 
with dry sodium acetate, thus avoiding the use 
of the expensive acetic anhydride 

CeHg GHCI2+2CH3 COaNa 

CH : CH C()2H-|-2NaCl+C2H402 

1 part benzal chloride, and from 2 to 3 parts 
of finely powdered fused sodium acetate (for 
which potassium acetate or a mixture of the 
potassium and sodium salts may be substituted) 
are heated at 180°-200° tor from 10 to 20 hours 
in an autoclave furnished with a mechanical 
stirrer The molt is mixed with water, rendered 
alkaline with caustic soda, and stoam-distilled 
to remove volatile oils, after which the solution 
in th(‘ retort is filtered hot, and the cinnamic 
acid IS precipitated with hydrochloric acid, 
filtered off after allowing the solution to cool, 
pre-ssed, and finally purified by recrystalhsation 
from boiling water or alcohol A method 
patented by the Farbwerke vorra. Meister, 
Lucius und Brunmg (D. R P 18064), in which 
lead acetate is substituted for sodium acetate, 
offers no advantages over the foregoing 

Cinnamic acid may be prepared from 
benzylideneacetonc C^Hg OH CH ('0 CH3, which j 
IS readily obtained by the condensation of 
bonzaldehyde with acetone under the influence 
of dilute caustic soda (Claisen, Ber 14, 2471) 
When this compound is oxidised by warming it 
with sodium hypobromite, it is converted into 
cinnamic acid (Farbwerke vorm Meister, 
Lucius und Brunmg, D. R P 21162; Frdl. 1 28) 

By employing substituted bcnzaldehydes, 
benzal chlorides, or bonzylidene-acetones in the 
foregoing reactions, substituted cinnamic acids 
may bo obtained. 

It may also bo prepared from benzaldehyde 
and malonic acid m the presence of ammonia or 
amines ; in the place of benzaldehyde the 
benzylideno compounds of certain amines, such 
as hydro benzamide, may be used (Kncevenagcl, 
Ber 1868,2662, Chom Zentr 1898, 11 695; 
I) R P 97735) ; or by heating benzylideno 
diacetato with glacial acetic acid and sodium 
acetate for 10 hours at 160°- 180° (Nef, Annalen, 
1897, 298, 309) 

(Cinnamic acid may bo extracted from storax 
by boiling in a retort 1 5 kilos of storax with 

2 litres of caustic soda of 24°B until no more oily , 
drops distil over with the steam In this pro- 
cess the styracm is hydrolysed, forming sodium 
cinnamate and cinnamyl alcohol, the latter 
being volatile with the steam. The aqueous 
liquid m the retort is separated and the residue 
repeatedly extracted with boiling water, after 
which the cinnamic acid is precipitated from 
the united aqueous solutions by hydrochloric 
acid and purified by recrystalhsation (Beilstein 
and Kuhlberg, Annalen, 163, 123) ; Claassen (J. ^ 
Soc. Chem Ind 1897, 932) uses sodium carbonate 
instead of caustic soda Precipitated cinnamic 
acid may be readily freed from adhering resin 
by recrystallising it from hot light j^troleum. ! 


Properties and Meactions — Forms slender 
needles or large transparent prisms melting at 
133°. Sublimes in absolute vacuum at 108° 
(Liebermann, Ber. 1900, 33, 2402) Boils at 
300° (corr ) If rapidly distilled, it scarcely 
suffers any decomposition, but by slow heating 
it IS broken up into stryolene CLHj CH.CH^ ana 
carbon dioxide Sparingly soluble in cold, more 
readily in boiling water ; easily soluble in alcohol. 
Forms crystallme salts closely resembling those 
of benzoic acid' Oxidismg agents convert it 
first mto benzaldehyde (distinction from benzoic 
acid) and afterwards into benzoic acid, the final 
products when potassium permanganate is used 
being phenylglycenc acid, benzaldehyde, and 
benzoic and oxalic acids (Fittig and Ruer, 

' Annalen, 268, 27) When taken internally it 
I 18 oxidised to benzoic acid, and appears in the 
j urine as hippunc acid By fusion with caustic 
I potash it yields a mixture of benzoate and 
I acetate It unites with nascent hydrogen to 
I form hydrocinnamic ( ;8-phenyl-propionic) acid; 

I with bromine to form a dibromidc , and with 
1 the hydracids to form /3-halogen-hydrocinnamic 
I acids — thus ;9-chlor-hydi’ocinnamic acid 
I CHCl CH^CO.H 

' Cinnamic acid condenses with hydrocarbons ; 

! thus with benzene and sulphuric acid, it forms 
I phenylhydnndone (Liebermann and Hartmann, 
Ber 1892, 2124) , with phenols, phenol itself 
' yielding hydroxyphenylcoumann (L and H 
ibid 1892, 957), and with sulphur to form 
diphenylthiophene For its detection^ see Schenk 
& Burmeister, Pharm Zeit 1915, 60, 213; 
Analyst, 1915, 409 

Esters. Methyl cinnamate White crystal- 
line solid , m p 36° ; b p 263° 

Ethyl cinruimate may be obtained direct 
from benzaldehyde by means of ethyl acetate 
and sodium (Farb vorm Meist-or, Lucius und 
Brunmg, D R P 53671, Eng Pat 4969, J 
I Soc Chem Tnd 1891, 358 ; Claisen, Ber 1890, 

I 976) it IS a colourless liquid, boiling at 226° 
(corr ) under 250 mm (IVrkin, Chem Soc 
Trans. 1896, 1228) By heating 2 parts of ethyl 
cinnamate with 1 part of sulphur at 150°-160° 
for 8 hours, a yellow odourless compound 
! CgH^S^O is formed, and is suitable for thera- 
peutical purposes (Karb vorm F Bayer and 
Co Eng Pat 8425 , D R P 87931 ; J Soc 
Chem Ind 1896, 293; Kuster, Ber 1897, 115) 
Benzyl cmnamate v Benzyl benzoate 
Isomeric acids. A/^ocmnamic acid, m p 68°, 
dimorphous ^.‘foclnnamlc acid, m p 42°/58°, have 
been described, but a discussion as to their 
constitution cannot be entered into here (Biil- 
mann (Ber 1909, 182 and 1443) and Liebermann 
{ibid 1027) Cf Stobbe(Ber 1911,44, 2739), who 
has studied tlie transformations of alio- and iso- 
cmnamic acids in the fused and crystalline states 
Substituted cinnamic acids. Of the substi- 
tution derivatives of cmnamic acid, the only one 
of industrial importance is orthonitrocmnamic 
acid, which is prepared in the manufacture of 
orthonitrophenylpropiolic acid {v Indigo, Arti- 
ficial). On a large scale cmnamic acid is first 
converted by heating with alcohol and concen- 
trated sulphuric acid mto ethyl cmnamate. 
The latter substance, which, being a liquid, is 
more easily manipulated m the nitration process 
than the solid cmnamic acid, is run in a thin 
stream into the calculated quantity of cold 
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nitrosulphunc acid. The mixture of ortho- and 
para-nitrooinnamic esters thus formed is dLS- 
solved in warm alcohol. On cooling, the para- 
compound crystallises out, whilst the ortho com- 
pound remains in solution. The two ethyl salts 
are hydrolysed by heating with sulphuric acid. 
The ortho- acid has also been prepared from 
o-mtro-bcnzyhdene acetone by warming it with a 
3 p c solution of sodium hypochlorite (Hochster, 
Farb 1) R P 21102, Frdl i 29) In this 
process the two isomendes are formed m 
approximately equal quantity. 

O rlhon'itronvmi7nic (Wid 

C«H4(N0,)CH(JH CO 2 H 

IS insoluble in water, sparingly soluble m cold, 
more readily soluble in boiling alcohol, from 
winch it IS deposited m crystals melting at 240” 

'File ixira- compouvd melts at 285”“28()”, and 
IS very sparingly soluble even in boiling alcohol 
It cannot be usi'd in the preparation of artihcial 
indigo, and the attempt made to utilise it in 
the rosamlme manufacture has not proved 
industrially successful 

CINNAMON. The inner baik of slioots of 
the Cinnamomiim zcijlanicutn (Nees), nat ord 
Lauracece, or true lain els Accoiding to Per- 
cival, it IS imported pimcipally from Ceylon , 
but m pait also from Madras, 9’ellicherry, and, 
rarely, from Java 4’he bark-peiders select such 
braiK lies as are 3 years old, and not more than 
2 or 3 inches in diarnetei noi less than half 
an inch 34ie baik in diying rolls up into 
quills, many layers being encloses! in one ciuill 
It IS used as a condiment, and yields a highly 
perfumed essential oil (c/ ?; ), (‘inployed in the 
preparation of chocolate and for purpose's of 
perfumery Both the bark itself 111 its powdered 
state and the oil derivi'd fiom it aie frc'cjucntly 
adulterated by cassia (c (Cassia). 

The value of cinnamon depends upon its 
content of cmnamaldehyde rathei than on the 
ossent.ial oil A method for the estimation of 
cinnamaldehyde depends on the colouration 
developed by trc'atment with sulphurK* acid 
and ?6fobutyl alcohol Fellenbeig, Analyst, 
191 (), 274). 

CINNAMON BROWN v. Azo- colouring 

MATTERS. 

CINNAMON OIL v On.s. Essential. 

CINNAMON STONE or Hessonite. A gem- 
vanety of garnet of a warm reddish-brown 
colour (hence thp name) and transparent ft is 
essentially an orthosilicate of calcium and 
aluminium Ca 3 Al 2 Si 30 | 2 > containing, however, 
isomorphous replacements of iron, manganese, 
and magnc'sium Biilliant crystals are found in 
veins in serpentine at Ala in Piedmont, but 
material of the best gem -quality is found as 
pebbles in the gem-gravels of (k'ylon 

L J. S 

CINNAMYL COCAINE V (hjC’AINE AND THE 

COCA ALKALOIDS 

CITARIN. Trade name for sodium anhydro- 
methylene citiate 

CITRAL V Terpenes 
CITRAMALIC ACID v Malic acid. 

CITRIC ACID CeH«0, Occurrence —This 
acid commonly occurs in the juice of many 
fruits, and in the sap of many plants 

— The ai id has been prepared 
artilicially by Gnmaux and Adam (Compt rend. ’ 


90, 1252). A saturated solution of dichlorace- 
tonic acid was neutralised with sodium carbon- 
ate, and heated with two molecules of potassium 
cyamde The resulting solution of dicyano- 
acetates was saturated with hydrochloric acid 
gas, and heated on a water-bath for 15 hours, the 
citric acid was then separated as calcium citrate 
by neutralisation with milk of lime Another 
synthesis has been effected by Lawrence (Chem 
Soc. Proc 1897, 05), who obtained ethyl citrate 
by heating together ethyl bromacetate and 
ethyl oxalylacetato in the presence of zinc 

Properties — The crystallised acid of com- 
merce has the formula CgHgO^.H gO. The crystals 
are largo pnsms belonging to the tnmetne 
system. Their sp gr , according to Buignet, is 
1 553 They deliquesce in damp air, and in 
perfectly dry air slowly lose the whole of their 
water Diffeient crystals (probably differently 
prepared) may lose water at very different lates 
(Warington,‘,^(Jhem Soc Trans. 28, 928 , Gros- 
jean, ibid , 43, 331) According to Marchand (J. 
pr Ghern 1841, 23, 00), crystals obtained from 
a satuiated boiling solution have the formula 
2 (CgHg 07 ),ll 20 According to a later investiga- 
tion by 8arandinaki (Ber 5, 110), the crystals 
from a solution long boiled are anhydrous 
Citric acid is optically inactive The ordinary 
crystallised acid dissolves in about half its weight 
of boiling water Aqueous solutions of various 
strengths have, accoiding to Gerlach (Zeitsch 
anal Chom 1 809, 295), the following sp gr at 
15”.— 


Acid p c 

Sp gr 

And p c 

Sp gr 

1 

1 0037 

34 

1 1422 

2 

1 (»()74 

35 

1 1467 

3 

1 0111 

36 

1 1515 

4 

1 0149 

37 

1 1564 

5 

1 0186 

1 38 

1 1612 

(> 

1 0227 

39 

1 1661 

7 

1 0268 

40 

1 1709 

8 

1 0309 

1 41 

1 1756 

9 

1 0350 

j 42 

1 1814 

10 

1 0392 

I 43 

1 1851 

11 

1 0431 

44 

1 1899 

12 

1 0470 

1 45 

1 1947 

13 

1 0509 

I 46 

1 1998 

14 

1 0549 

1 47 

1 2050 

15 

1*0588 

1 48 

1 2103 

16 

1 0632 

i 49 

1 2153 

17 

1 0()75 

1 50 

1 2204 

18 

1 0718 

, 51 

1 2257 

19 

1 0762 1 

52 

1 2307 

20 

1 0805 

53 

1 2359 

21 

1 0848 1 

54 

1*2410 

22 

1 0889 

55 

1 2462 

23 

1 0930 

56 

1 2514 

24 

1 0972 

57 

1 2572 

25 

1 1014 

58 

1 2627 

26 

1*1060 

59 

1*2683 

27 

1 1106 

60 

1 2738 

28 

1 1152 

61 

1 2794 

29 

1 1198 

62 

1 2849 

30 

1 1244 

63 

1 2904 

31 

1 1288 

64 

1*2960 

32 

1 1333 

65 

1 3015 

33 

1*1378 

‘ 1 

66 

1 

1 3071 
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A 25 p.o. solution boils at 101 8°, a 50 p c. 
solution at 105 8° (Gerlacb, J 1859, 48) 

At 15° the solubility of the crystallised acid 
in alcohol is as follows . — 

100 of 80 p.c. alcohol dissolve 87 
„ 90 „ „ „ 52 85 

„ 100 „ „ „ 75 90 

100 parts of anhydrous ether dissolve 9 1 of the 
crystallised acid 

According to Buchner (Ber. 1892, 1 159), the 
ordinary hydrated acid melts between 135° and 
152°, and the anhydrous acid at 153° Salt/er 
(Arch Pharm. 231, 514) finds that the finely 
powdered hydrated acid, if slowly heated, 
becomes anhydrous at 55°, and melts at 100° 
m this condition. 

Decompontions — When heated to 175°, ace- 
tone and carbonic oxide are evolved, the residue 
IS aconitic acid (^all^Og , the same acid is foimed 
m small quantity when a solution of eitiic acid 
IS long boiled ( licssaigncs) When heat is con- 
tinued beyond 175°, an oily distillate app('ais, 
which yields crystals of itacome acid CgJlflO^. 
By further heating, itaconic acid is transfoinied 
into an uncrystallisabl(‘ oil, citra(*ome anhydiulc 
^‘5114^, Heated with sulphuric acid, cai borne 
oxide and acetone are given off, the intermediate 
stage in the riMction being the production of 
ac;etono dicai boxylic add {» Pechrnann, Ber 
1884. 17, 2542) This acetone dicarboxylic acid 
IS also formed m the oxidation of citric acid by 
potassium perrnanganatr' and by the photo- 
chemical decomposition of citric acid m the 
prestmee of 1 p c uranium oxide 

8olutions of citric acid are rapidly destroyed 
by fungi According to F Watts (J Soc 
Chern Ind 1880, 215), the action of Sacdimo- 
myces mycodeiim on lime jiiico is to convert the 
citric acid into caiboinc acid and watei Ac- 
cording to I Macagno (Gazz chirn ital 11,443), 
an alcoholic fermentation in lemon juicc does not 
affect the citric acid, but under the intliiencc C)f 
bacteria the citric acid disajipcars, and acetic 
and propionic acids arc formed 

Suits — (Iitric acid is triliasic, and forms in 
consequence three cl.isses of salts The salts 
with the alkali medals arc readily soluble in 
wat(‘r , the neutral salts of the .ilkalinc earths 
are only sparingly soluble 

Galcium citrate (^a,((!gHft07)2^4H,O doc's not 
lose water at 100° When precipitated m a 
crystalline state its solubility in water is 1 in 
1180 at 14°, and 1 m 1730 at 90°-100° When 
thrown down m an amorphous condition, the 
solubility IS greater, I in 707 at 18°, and 1 in 
1123 at 100° ((diem 80c Trans 28, 939) 

When a solution of citric acid contains a 
ferrous, ferric, or aluminium salt, in not too great 
proportion, it may bo made strongly alkaline 
witli potash or soda without jiroducing a preci- 
pitate Such a solution may also be boiled with 
chalk without precipitating iron or aluminium, 
although’a largo part of the citric acid falls as 
calcium citrate. (W’lth tartaric acid in the place 
of citric, iron is to a small extent precipitated 
by chalk in the cold, and entirely on boilmg ) 
It, however, the ferric salt bears a large propor- 
tion to the citric acid, the whole is precipitated by 
chalk, even in the cold (Chem. Soc Trans. 28, 
990) 

Derivatives . — Methylenecitric acid is obtained 


by heating citric acid with four times its weight 
of polymeric formaldehyde at 140°~1()0°, and 
allowing the melt to crystallise It is tolerably 
stable towards acids, but is decomposed by alkalis 
with elimination of formaldehyde Its di-sodmm 
salt IS known as ‘ citarin.’ It is used as a 
disinfectant for the urinary passages (Ch. Fab 
auf Act vorm E Schermg, U S Pat 699422 ; 
J Soc (diem Ind 1902,791). 

Monophenetidenecitric acid is obtained by 
heating 42 parts of citric acid with 27 5 parts of 
p-ammophenetol for some hours at 100^. The 
product IS dissolved m caustic soda, and the 
acid precipitated with hydrochloric acid 
Diphenetidenecitric acid is obtained similarly. 
They are medicinal substances, acting energeti- 
cally as precipitants without producing secondary 
symptoms (Farb von Jleydeii-Nachfolger, Eng 
Pat 1254, J 80C (3iem Ind 1895,385) 

DcLfclinn — (3tiic acid is best recognised 
when in a pure state by its yielding on heating 
an oily sublimate, which afterwards erystallises 
(itaconic acid) A solution of (itiic acid, neu- 
tr<dis(‘d with ammonia, gives no precifutate in 
the cold witli calcium chloride, ex( ept after long 
standing , but on boiling, calcium citrate is pre- 
cipitated (^alcium citrate, jirecqutatcd m the 
cold, IS freely soluble in solution of ammonium 
chloride, and is precipitated therefiom on 
boiling Alkali citiates do not reduce silver 
salts on boiling, as t<iitratcs do, 01 cmly to a 
trifling extent 

Kammerer (Zeitseh anal (3iem. 8, 298) 
recommends the detection of citric acid by the 
formation of a crystalline baiium salt To the 
free acid, or to the alkali salt, excess of barium 
acetate is added, and the whole heated on a 
water bath for several hours , the barium citrate 

Bae((!eH,07)„7H,0 

will then be found in micioscopic monochnic 
prisms. 

Deluges (Comj)t. rend 130, 32) adds to tho 
solution _V. of its volume of a n^agent obtained 
by dissolving 5 grams of mereuiie oxide in 20 
CO of com*, sulphuric acid, and 100 c c of 
water Th(‘ solution is heated to boiling, and, 
if eitne aud is piescnt, a wliite piecipitate is 
obtained on tho addition ot a few diojis of a 
2 p e solution of potassium permanganate 

Another methoil is to add ])r)tassnim perman- 
ganate to tho solution until it ls pink If a 
pTccijufatc is formed, or a brown colour pro- 
duced, ammomum oxalate is added until it is 
destioyed On adding luomme water a white 
precipitate is obtained, which, on the addition 
of alkali, gives the ( haracteristic smell of bromo- 
form (Stahre, J. Soe Chem Ind 1896, 63 , 
Wohlk, Zeitseh anal (Jhem 1902, 77). 

The tests for adulteration will bo given at 
the close of this article 

E.stifuation — When the quantity of citric 
acid in a solution is determined by alkalimetry, 
phenolphthalem should bo used as the indicator ; 
m coloured solutions red -brown tiirm one paper 
(Thomson, J Soc. Chem Ind 1887, 195) has 
been recommended. If neutral litmus jiapor is 
used, the alkali must bo standardised with citric 
acid The quantitative determination of citric 
acid by precipitation as calcium citrate will bo 
described under the analysis of lemon juice. 

Citric acid in mtUc and wine. Citnc acid is 
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present in milk and wine, and as it occurs 
in small quantities in most wines, adulteration 
with a small quantity of citric acid cannot be 
detected (Hubert, Ann. Chim. anal. 1908, 139). 
It may be detected in milk by takmg 10 c o. of 
milk, 2 c c of sodium metaphosphate, 3 c.c, of 
mercuric sulphate solution, and filtenng Half 
of the filtrate is mixed with 0 5 c.c of 10 p o. 
solution of manganese sulphate, and boiled To 
this 4 drops of a 2 p c solution of potassium 
permanganate is added, and the solution again 
boiled This is repeated, and the liquid de- 
colourised by a drop of hydrogen peroxide A 
precipitate or an opalasconco indicates the 
presence of citric acid This method may be 
used quantitatively (Heniges, (-hem Soc Abstr. 
1902, 11 305, V also Seheibe, ihid 1891, 

1270) It may bo detected in wine by the 
method of 8pica ((Jazz chim ital 31, [2J 01) 
A portion of the wine is evaporated to a syrup 
and extracted with alcohol This is neaily 
neutralised with alcoholic potash, and the 
potassium bitaitrato filtered off 9’he filtrate 
IS then neutralised with more potash, and the 
precipitate is filtered off, dried, and heated in a 
small tube with sulphuric acid, until it goes 
brown it is then diluted, made alkaline with 
caustic potash, and sodium nitroprusside added 
A red colour indicates the presence of citric 
acid Favrel (J. Soc Cliein. Ind 1908, 037) 
evaporates 100 c c. of wine to dryness, dissolves 
the residue in 7 c c of boding water, and adds 
35 c of 90 p c alcohol A solution of calcium 
acetate (0 4 gram in 5 c c of water) is added, 
and tho precipitate filteied When dry it is 
transferred to a test-tube, 3 c c of sulphuric 
acid added, and the whole heated to 80"^ -90" for 
2 minutes The solution is cooled and extracted 
with ether White crystals are obtained, giving 
a violot-red colour with feme chloride, the 
colour being discharged by mineral acids (For 
other methods and quantitative estimation, t) 
Williams, Analyst, 14, 25 , Devarda, J Soc. 
Ohem Ind 1904, 273, Klinger and Biijard, 
(9iom Soc Abst 1893, ii 54 ; Schindler, Chem 
Zentr 1902, ii 1010; and Robin, Ann (-him 
anal 1904,453) 

(Jo Wing-Scopes finds that a mixtuie of equal 
weights of mercuric nitrate, manganese nitrate 
and nitiic acid reacts with citric acid, yielding a 
precipitate after prolonged boiling which is 
exactly six times the weight of citric acid present 
Tho method gives good results m presence of 
tartanc, succinic and other organic acids, but 
with malic and lactic acids the results are high 
(Analyst, 191,3, 12) 

Raw Matektal. 

(htnc acid is prepared from the fruit juice of 
three species of (Utrm — the lemon, liergarnot, 
and lime , tho first of these is the principal 
source of citric acid. (Joncentratod lemon juice 
IS chiefly imported from Sicily , a very little 
comes from Naple^i or Sorrento Concentrated 
bergamot juice is prepared in Calabria, and ex- 
ported from Messina Concentrated lime juice 
18 imported from Montserrat and Dominica 
The lemon juice from Sicily is prepared by 
pressing the inferior fruit, from which tho nnd 
has previously been removed for the manu- 
facture of essence The so-called ‘ single ’ juice 


is then boiled down till its sp.gr. equals 60° on 
tho citrometer (sp.gr. 1 *24) ; it then forms a 
dark-brown, rather syrupy liquid. 

Lemon juice has its greatest acidity early 
in the season (November). The juice of the fine 
fruit, exported as lemons, has a sp.gr. 1 03- 
i 04 ; it contains free acid equal to 11-13 oz. 
of citnc acid per gallon The inferior fruit 
pressed in Sicily yields a juice contammg at the 
beginning of the season about 9 oz. of free 
acid per gallon, and at the end of the season a 
good deal less. 

There are other differences between the juice 
of fine lemons pressed in England, and tho 
Sicilian juice employed for the manufacture of 
citric acid The former contains very little 
combined organic acid, only about 2 5 p c of 
tho total organic acid (free plus combined) 
pre-sen t In unconcentiated Sicilian juice the 
combined acid is about 7-9 p.c of tho total 
Again, the English pressed juice contains hardly 
any organic acid save citnc, only about 1 p c of 
the total organic acid being unprecipitablo as 
calcium citrate in Sicilian juice about 8 p c. 
of the total organic acid is unprecipitable as 
calcium salt 

Tho concentrated lemon juice from Sicily 
is reckoned of standard quality when its sp gr 
IS I 24, and its acidity is equal to 04 oz per 
gallon of nominal citnc acid In dealing with 
trade analyses it must, however, be borne in 
mind that the ‘ crystallised citric acid ’ of a 
tiado certifi(‘ato is not tho crystallised acid of 
commereo, but an acid containing only half the 
actual amount of water, an acid, in fact, having 
the atomic weight 201 instead of 210 : 

(^eH«0„H,0 

No reason can be given for this practice, which 
should certainly be abolished In the present 
article all quantities of citric acid will be ex- 
pressed in terms of the common crystallLSed 
acid 

The concentrated lemon juice from Sicily 
contains pretty umfoimly 7-8 oz per gallon 
of combined orgamc acid, equal to about 10 p c. 
of the total orgamc acid (reckoned as citnc) pre- 
sent Of the total organic acid about 10 p c. is 
not precipitable as calcium salt, and is therefore 
not citric acid ; this proportion is, however, by 
no means constant Purchases of lemon juice 
are unfortunately still made on the basis of 
acidity, and not on the amount of precipitable 
acid present Analyses of 895 pipes of con- 
centrated lemon jmee by Grosjean have been 
published (Chem Soc Trans 43, 333). Tho 
average proportion of precipitable acid was 
99 2 p c of the free acid, but the range of varia- 
tion was considerable, individual parcels of juijce 
giving 81 1, 85*8, and 103 6 p c. 

Concentrated Bergamotjuice has a similar 
sp gr. to lemon juice, but a lower acidity ; it 
generally contains free acid equal to about 51 
oz of citric acid per gallon Tho quantity 
of combined organic acid is apparently similar 
to that in lemon juice, namely, 7-8 oz. per 
gallon ; but the proportion of combined to total 
is higher, 12-13 pc. Tho proportion of unpre- 
cipitablo acid IS about 13 pc. of tho total. 
Gros jean’s analyses of 90 pipes of bergamot juice 
show a mean of 98*4 of precipitable acid for 100 
of acidity,* the extremes being 95*4 and 101 *4. 



CITRIC ACID, 


285 


The unconceutrated Lime juice of Mont- 
serrat has a mean sp.gr. of 1 036 ; it contains, 
according to Conroy (Tharm. J 1883, 606), an 
average of 7 84 p c , or 12*54 oz per gallon of free 
acid. The extremes observed wore 6 70-10 05 
p c., equal to 10 7-16 1 oz. per gallon The 
juice yields 0 43 p c of ash. It contains only a 
trace of sugar. Wanngton found the combined 
acid in two samples 5 p c of the total , 10 p c 
of the total acid was not precipitable 

Concentrated hme juice is a viscid liquid, 
sp.gr 1 32, and with an acidity averaging about 
1)4 oz of citric acid per gallon. The com- 
bined acid IS about 8-0 oz per gallon The 
unprecipitable acid is about 10-14 p c of the 
total The precipitablo acid beam a lower pro- 
portion to the free than is the case with either 
lemon or bergamot juice, the published analyses 
showing a mean of 93 8 of piecipitable acid for 
100 of free. 

The nature of the organic acids, other than 
citric, present in lemon, bergamot, and lime 
juice has not been detei mined A little formic 
acid and acetic acid have been detected in con- 
centrated juice, but the principal acids other 
than citric aie clcarjy non- volatile and have 
soluble calcium salts The acids most probably 
present are malic and aconitic 

Besides lemon juice, some ciude Calcium 
citrate, prepared m Sicily by precipitating 
lemon juice with chalk, is expoited into England. 
It contains about 64 p c of citric acid 

Mkthods of analysing Juice and Citrate 

1 AtuliUf — The commeicial analysis of 
juice is conhncd to the determination of acidity 
It IS most imjiortant tliat the alkah (sodium 
hydroxide) used should be actually standardised 
with citric acid, and the same indicatoi employed 
in standardising as in subsequent analyses. 
Powdered crystals of citric acid aic taken, water 
carefully determined in one poition, while 
another is used for standardising the alkali In 
determimng water, the powdered acid should be 
heated for some hours at about 60° before ex- 
posing it to 100° , if this 18 not done, the acid 
will melt, and lose the rest of its water with 
great dilliculty Warmgton recommended deli- 
cate litmus paper for detei mining the neutral 
point F Watts has since employed films of 
turmeric tmctuie on a white tile (J Soc Chem 
Tnd. 1886, 214) Thomson recommends led- 
brown turmeric paper 

2. Combined organic acids — The juice is 
neutralised with a known quantity of stan- 
dard alkali, evaporated to dryness in a platinum 
basin, the residue gently ignited, the black ash 
treated with a known (quantity (excess) of stan- 
dard sulphuric acid, the whole boiled and filtered 
The amount of unneutralisod acid is then deter- 
mmed with alkali We have now the neutral- 
ising power of the ash in terms of alkah ; by 
subtracting the alkali added when neutralising 
the juice, we obtain the amount of alkali cor- 
responding to the bases of the organic salts, 
which became carbonates on igmtion From 
the amount of these bases their equivalent in 
combined citric acid can be calculated. 

3 Precipitable citric acid — This is for the 
manufacturer the only trustworthy method of 
analysis, but is, in fact, seldom adopfed. War- 


ington proceeds as follows : 15-20 c c. of un- 
concentrated juice, or about 3 c c. of concen- 
trated juice, are exactly neutralised with sodium 
hydroxide, the solution (about 50 c c ) is brought 
to boiling in a salt-bath, and a measured quan- 
tity of calcium chloride solution, known to bo 
rather more than sullicient for all the organic 
acids present added After boilmg for half an 
hour, the precipitate is collected on a small filter, 
and washed with hot water. The liltrate and 
washings are then concentrated to 10 c c and 
the solution finally neutralised with a drop of am- 
monia The second precipitate is collected on a 
very small filter, the filtrate being used for getting 
the precipitate on to the paper, which is finally 
washed about five times with a little hot water. 
The precipitates in their papers are then burnt 
at a low heat in a platinum basin, and the neu- 
tralising power of the asli detei mined with stan- 
dard hydrochloric and and alkali The amount 
of citric acid whicdi tlie base is equivalent to 
can then be calculated, thieo molecules of base 
being icfkoned as equivalent to one molecule of 
citric acid 

4 Anahfbis of caliAiim cituite — The excess 
of chalk pre.sent is fimt determined by boiling 
about 4 grams with dilute standard hydrochloric 
acid in a covered beaker, and then adding stan- 
dard alkali till feebly alkaline Two grams of the 
citrate arc then gently ignited in a covered pla- 
tinum crucible, and the neutrahsmg jiower of the 
ash detei mined by solution in standard hydro- 
ehloiic acid and titi&tion with alkali By de- 
ducting from the neutrahsmg power of the ash 
that duo to the chalk previously determined, we 
find the amount of base which has to bo calcu- 
lated as citrate This method piesupposes 
that citrates aie the only organic salts piesent 
If it IS prefer! ed, the citrate may be chssolved 
in hydrochloiic acid, tlie solution boiled, neu- 
tralised with soda, the ('akium citrate jiiecipi- 
tatod by boiling m the salt- bath, and its cjuantity 
determined as in the case of juice 

The information hero given respecting juice, 
calcium citrate, and the methods of their ana- 
lysis, will bo found m greater detail in Chem 
Soe Trans 28,625, 43,331, v also IJlpiani and 
Pairozzani (Chem Soc Abstr 1907, 11 57) , 

Shica (Analyst, 1910, 35, 519) , Barbom {ibid. 
1913, 65). 

Process of Manufacture. 

The manufacture of eitiic acid fiom concen- 
ti ated lemon j uico is extremely simple A proper 
quantity of whiting (levigated ehalk) is mixed 
with watei, and heated by steam in a wooden vat 
provided with a revolving agitator , the concen- 
trated juice is then slowly pumped m, care bemg, 
of course, taken that the whiting is finally m 
small excess. The hquor never becomes neutral, 
however long boiling may bo continued, or how- 
ever great is the excess of whiting present , the 
adjustment of juice and whiting is therefore 
effected by ascertaimng if the hquor effervesces 
with more whiting, or the precipitate effervesces 
with more juice. The amount of unnoutrahsed 
acid IS about 1-2J p.c of the original acidity of 
the juice. Pure citnc acid is readily neutralised 
by whiting, malic and aconitic acids are not; the 
final acidity is thus possibly due to the presence 
of these acids. Citric acid, however, is not 
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neutralised ^by chalk if phosphates, and espe- 
cially ferric phosphates, be present ; this fact 
will also explain the result It is not advisable 
to neutralise completely by the use of lime, as 
vegetable impur ities aie then thrown down which 
are afterwards dilhcult to se[)arate 

The jirocipitated ^calcium citrate is washed 
with hot water on ajiltcr It is next bi ought 
by the addition of water to the state of thin 
cream, and decomposed, with constant agitation, 
by the addition of a small o\cess of sulpliuiic 
acid (sp gi 17) The occuirenco of an excess 
of sulphuiic acid is known by the liquoi affoid- 
irig a precipitate with a stiong solution of calcium 
chloride aftei some minutes’ standing 

The citric acid liquor is then separated fiom 
the gypsum, wliii h is Wtushed on a filter The 
liquor IS cvapoiated in shallow leaden baths by 
steam heat Much gypsum is at lii*st deposited , 
from this the clear liquor is iiin oft and fuither 
concentrated When strong enough to crystal- 
lise, the hot liquoi is run into a wooden tub 
provided with an agitatoi, and the lupior is kept 
in constant motion while cooling , by this pio- 
cess, known as ‘ gianulation,’ the citric add is 
obtained *.is a ciystalline powder Tlie mother 
liquor IS again concentrated, and ‘ salt ’ again 
obtained by granulation The piocess may bo 
repeated a thud time The liquoi is then too 
dark and impuie foi furthei ciystallis.ition, and 
IS known as ‘ old liquoi ’ The granulated citiit 
acid when draiiu'd, and, it nccessaiy, slightly 
washed, is redissolved, decolouiiscd by heating 
with animal chaicoal (pioviously freed from 
phos])hates by hydrochloric acid), agam concen- 
tiated to the d ystallising point, and jiouied into 
leaden trays about 3 inches deep , the crystals 
here termed aie the citric acid of commerce 
Citric acid thus piepaied always contains a trace 
of lead, and often particles of metallic lead, 
probably due to the ])luml^‘rs repairing the 
vessels. To free tlie acid from lead, the process 
usually adopted is to pass sulphuiettcd hydiogen j 
through the solution .ifter th(‘ first ciystallisa- | 
tion, filter, and them recrystallise the citiic acid 
m lead-free vessels 

The ‘ old licjuoi ’ is diluted with water, and 
the citiic acid it contains piccipitatcd with an 
excess of whiting, exactly as m the (*aso of the ' 
original juice The liquor is never neutralised i 
by the whiting , this rmiy be either duo to i 
aconitic add formed dm mg the heating of the ' 
citric acid iKiuora, oi to the presenie ot ferric | 
or aluminie phosphate derived from the whiting | 

Any consideiable excess of sulphuric acid m ' 
the liquors, or any overheating, must be avoided, 
as occasioning decomposition of citric acid 
The presence of non oi aluminium m tlie whiting 
also occasions loss, as citiic acid holding iron or 
aluminium m solution is not prcdpitated by 
calcium carbonate In conscijuencc of the non- 
preeipitation of iron oi aluminium fiom citiie 
solutions by whiting, the citiic liquom of the 
factory remain nearly pure, however long the 
work may have been continued, a result very 
different from what happens in the case of tar- 
taric acid ; the purity of citric -acid hquors is 
however obtained at the expense of some loss 
of oitnc acid In a well-conducted factory the 
total loss during manufacture will amount to 
12-15 p c of the citric acid in the juice. 

A method has been patented (Fancheux and 


Boissiere, Eng. Pat. 11991; Fr. Pat. 338735, 
J Soc Chem. Ind. 1904, 680) by which the 
ciude calcium citrate ls purified by passing hot 
gases over it, so as to roast it superficially 

Citric acid is also produced by the fermenta- 
tion of carbohydrates, glyceiol, and analogous 
substances under the influence of certain fungi, 
named ( itromycete^ (Wchmer, Eng Pat 5620, 
D. K P 72957 , J Soc. Chem Ind. 1894, 275). 
To pieparc the oiganisms, a sugai solution con- 
taining 2 5 p.c. of citiic acid is allowed to stand 
foi a few days The giowth foimcd on tins 
solution IS introduced into stciilised sugar 
wheie it develops. The pure cultuie piepared 
in this way is then mtioduced into large vessels 
containing sugar solution, m which aie dissolved 
small quantities of ammonium nitrate, dipotas- 
sium phosphate, and magnesium sulphate , the 
liciuid IS then allowed to lemain at the oidmary 
temperatuie for 8-14 days At the expiration 
of that time, the liquid contains a certain amount 
of citiic acid, so fhat it can be directly employed 
foi lemon J uice The acid c.in be isolated, piefei- 
ahly as calcium c iti.ite by adding cak luni cai bon- 
ate to the lic^uid Otliei moulds, such as Muco) 
pDifornuSy which glows on putrefying fiuit, 
specially on pears and apples, ma;y be employecl 
(1) P P 91891 , 0 also Maze and Petiier, 
Oompt lend 139,311). 

Estinuitwti of had iii ( it} w m i<l Forty giains 
of the sample aic dissolved in watei, puie 
stiong amnioma added m slight excess, the 
li((uid cooled and diluted to 120 c c For a 
prelimmaiy cxpeiimciit 10 t c are taken, 
diluted to 50 c c. m a Nessler tube, and one dioji 
of ammonium sulphide addl'd , the coloui 
detei mines what volume should be taken, it 
vanes fiom 5 to 50 c c. Having lepeated this 
with the volume of liquid thus indicated, the 
tint has to be matched with that from the pure 
solution. A volume of pine ammonium citrate 
solution identical with that taken of the acid 
under examination is mixed with a measuied 
quantity of slightly acid lead mtiatc solution, 
containing 0 1 giam metallic load per litie 
A drop of ammonium suljihide is added, and 
vaiious solutions ai(' made up until the colour 
obtained matclie.s that fiom the acid under 
ex.imination If iron or copper is piesent in 
any quantity, a chop of solution of potassium 
cyanide is aclded befoic the ammonium sulphide 
which pi events them mteifeimg with the 
leaction The standard of puiity suggested if 
that lead is not to be jj resent to a gi eater extent 
than 5 paits pi'r million (Waiington, J 8oc 
Chem Ind 1893, 97 , v also Tatlock and 
'riiomson. Analyst, 15)08, 173) 

Another method is that of Buchet (J Soc. 
Chem Ind 1892, 848) 9’o estimate the 

metallic lead, 200 grams of acid aio dissolved in 
thiec times its weight of water, and a slight 
excess of ammonia added After 24 hours the 
liquid LS decanted, and the lesiduc collected on 
a filter, carefully washed and dissolved in mtiic 
acid The lead is then precijiitated as sulphate, 
and estimated as such. To determine the 
combined lead, the ammoniacal solution is first 
' acidified with hydrochloric acid, the load 
' precipitated as sulphide, converted into sulphate, 

1 and weighed as such. 

I Adulteration , — Citric acid is at times adul- 
terated with tartaric acid. To detect adulteration, 
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Oailletet (Chem. Soo. Trans 36, 674) adds 
1 gram of the powdered acid to 10 c c. of a cold 
saturated solution of potassium dichroraate If 
the solution remains unchanged in (*olour for 
10 minutes, taitaric acid is absent If tartaiie 
IS Resent, the solution becomes brown Puscli 
(J, Soc. Chem. Ind 1885, 552) places 1 gram of 
the acid in a test-tube with 10 grams of pure 
od of vitriol. The test-tube is placed in a 
water- bath, and kept at 100° for 1 hour If 
citnc acid only is present, the colour is lemon- 
yellow If tartaric acid is present, the colour 
becomes brown Both these tests are very 
delicate, and readily show 1 oi J p c of adultera- 
tion Pifierua (Compt. rend 124, 291) puts 

0 05 gram of the substance in a porcelain basin, 
and adds 10-15 diops of a reagent made by 
dissolving 0 02 giam of )3-naphthul in 1 c c. of 
concent 1 a ted sulphuiic acid If citiic acid 
alone is present, a blue colour is formed, un- 
changed on heating, which on dilution gives a 
nearly colouilass or a slightly yellow liquid If 
tartaric acid is present, the colour on lusting 
changes to green, and on dilution to a rcddish- 
ycllow Leniges adds a small quantity of the 
acid to a solution of resorcinol in dilute sulphuric 
acid, and heats to 1]5°-140°. Jf tartaiic acid 
IS present, a violet-red colour is formed Jf 
sugar IS present, or other bodies blackened by 
sulphuric acid, the acid is preiipitated as its lead 
salt, and then tested (J. Pliaim Chim 1895, 

1 686) Crismei (Chem 8oc Abstr 1892, 54()) 
adds 1 giam of the acid to 1 e e of ammonium 
molybdate solution (10 pc) and 2 to 3 drops 
of hydrogen peroxide solution (J to ^ pc), 
and heats at 100° for 3 minutes If citric acid 
alone is present, the yellow c’olour given by the 
molybdate is unalteied , whilst if taitaiic acid 
is present, a beautiful blue colour lesults This 
test detects 1 mgm of taitaric acid in 1 giam 
of citric acid Spindler has modified Deniges’ 
mercuric sulphate method {q ), and uses 
potassium dichi ornate instead of permanganate 
If citric acid alone is present, a yellow predpi- 
tate IS obtained ; the presence of tartaiic acid 
is mdicated by a change of colour to gieen, 
due to reduction Taitaiic acid may also be 
detected by adding a little solution of potassium 
acetate to a strong solution of the citric acid, 
and stirring 

The quantity of taitaric acid in an adul- 
terated sample may be detei mined by adding 10 
pc of potassium chloride to a strong solution 
of the acid, and precipitating the tartaric acid 
with citrate or acetate of potassium, with the 
precautions dc&ciibed under estimation of tai- 
taiic acid 

CITRIC ACID FERMENTATION v. Feemen- 

TATION 

CITROCOLL. 9hade name for neutral 
ammophenacetm citrate 

CITRON, OIL OF, v Oils, Essential 
CITRONELLA OIL v Oils, Essential 

CITRONINES V Azo- colourinq matters. 

CIVET. An odoriferous substance resem- 
blmg musk or ambergris, obtained from the 
pouches situated between the anus and gemtal 
organs of Viverra civetta of N Africa, V Zibetha 
of Asia, and V. Malaccensis of Java. Is of the 
consistence of honey, and of a yellowish or brown 
colour. Contains stearin, olein, mucus, resin, 
volatile oil, and yeUow colouring lAatter (J. 


Pharm. 1824, 537) (For analyses of civet, see 
Charabol and Hubert, Bull {Soc. chim 1910, 
7, 687.) Civet melts at about 36°, and contains 
from 60 to 70 p c of fatty acids, and should have 
a saponification value of about 180°, and should 
have not more than 1 p c of ash. 

It has been inf ei red that the musk aroma of 
eivct IS due to a ketone, 7miskone, piesent in 
musk, but accoiding to 8ack (Chem Zcit 1915, 
39, 538), it IS caused by a sjicdfic ketone, 
Zihctonc Ci-IIjoO, of' a pleasant luusk-like odour, 
which may be obtained pure by decomposition 
of the ciystallLsed scmicaibazonc. Its oximo 
(lystalliHcs in white needles, in p 92°. See 
Musk 

CIVETONE oi ZIBETONE Musk. 

CLAUSTHALITE v Selenium. 

CLAVICEPSIN Ergot. 

CLAVIN?; Ergot 

CLAY. {Aiijile^ Fr ; Thon^ Gei ) The 
term ‘ clay ’ is oidmaiily used to denote ceitain 
earths, tlie chicJ ihaiacteiistic of which is that 
of plasticity when wet, and which have the 
property of baking to a haid, stone-like ma.ss 
when heateii to full ledne&s Clay ls a hetero- 
geneous mixtuie of certain hydrated aluminium 
silicates, with paitules of quait/, felsj)ar, mica, 
&c , resulting from the (h'composition of vaiious 
silicious mineials, the chief source being the 
felspai’s of granite locks These hydiatcd 
aluminium silicates form the essential basis of 
.ill clays, and aie known as clay substance oi 
clay base They aie all decomjiosed by hot 
concentiated suliihuric acid {inpa), whilst 
the othei ingredients mentioned aliovc aie 
affected only slightly or not at all 'J’he method 
of so-called ‘ lational analysis ’ is basi'd on this 
action, and it h.is been found that when so 
tieated, the gieat majoiity of clays give a clay 
substame anpioximatcly of the composition 
leprescnted oy the formula ABO j 2{Si()2,21C() 
This coiiesponds with the comiiosition of the 
raio crystalline mineial laolutih, and, consi'- 
quently, it has often been assumed that all 
clays contain kaolimto as their clay base 
It has, howevei, been showui that the clay 
substance, in some e.ases, does not coiiespond 
ill composition with the above foimula, and it 
IS now generally accepted that othei hydiatcd 
aluminium silic.ates may be present in clays, 
foiming pait, and in some cases the whole, of 
the clay base Various investigators have 
attempted to define these substances, and to 
show that they correspond in composition 
with ceitain silicates, such as allophane 
(AiaOi’SiOajbHaO), pyiophyllite (A1>0, 48iO^, 
H,0), halloysite (Al^Cls 2{SiOo,2HoO + Aq), pho- 
lefito (2A1,03 3«i()„4H,()), &c 

It has been suggested by J W. Melloi (Tians. 
Eng Ceiamie {Soc. pt. 1, 8) that the teim 
kaolinite should be restiicted to the compaia- 
tively lare crystalline mmeial, and that the 
amorphous clay substance of similar conqio- 
sition (AI2O3 *28102,21120) should be called 
‘ clayite.’ 

The same investigator points out that this 
latter substance occurs m clays in non-crystal- 
Ime or amorphous granules, which, however, 
sometimes show faint polarisation phenomena. 
Practically all clays contain more or less fieo 
silica, undecomposed or partially decomposed 
felspar, and mica, and they vary in composition 
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through a wide range, differences in composition 
bemg brought about partly as a result of difPerent 
origins, and partly by differences of deposition, 
&c. The commoner vaiieties of clay generally 
contam a considerable percentage of oxide or 
carbonate of iron, and small percentages of 
calcium, magnesium, and titanium salts. 

Accordmg to Washington (J. Amer Ceram. 
8oc. 1918, 1, 405) clays are composed of four 
minerals corresponding to generalised formulae, 
viz kaolinite (Al203,2Si0jj,2H20), orthoclase 
(K20,Al203,6Si02), albite (Na20,Al203,68i02), 
anorthite (Ca0,Al203,2Si02), limonite (FcaOj, 
HgO) with, in some cases, muscovite (K20,2H20, 
3Al203,()Si02) The proportions of the seveial 
minerals may be calculated from the ultimate 
chemical analysis The lime, soda, and potash 
are first calculated to the felspars, and the 
alumina and sihca required for these are deducted 
from the total The iron oxide is calculated as 
Umonite Any surplus alumina is calculated 
as kaolinite, and any surplus sihca is n^garded 
as quartz {see below) 

Clays may be divided broadly into two 
classes : residual clays and sedimentary clays 
Residual clays are the insoluble lesidue left 
flora the breaking down and decomposition of 
lock masses contammg certain aluinmium 
silicates (cliiefiy felspathic minerals), and they 
are found overlying or adjacent to the rock mass 
from, which they are formed These residual 
clays usually present a gradual change m mineral 
character from the liner or puier portion nearer 
the surface to the mixtuie ot clay and undecom- 
posed rock which lies m contact with the lock 
mass The decomposition of the mmeral sili- 
cates may be brought about by carbonic 
acid m the surface watc'rs ; but many of them 
are acted on by water alone, and although this 
action proceeds veiy slowly, it may account for 
the gradual decomposition of the felspathic 
rocks and the foimation of clay. The alkalis 
of the fcl8])ai-s combine with the free sihca 
formed in the decomposition, and with the 
carbon dioxide (contained m the peicolating 
water, forming soluble salts which are more or 
loss completely wiushed away. In some easels 
the decomposition of the mmeral silicates may 
have been brought about by the action of gases, 
and it has been shown by J H. Collins (Mm 
Mag 1887, 7) that when felspar is exposed 
to the action of hydrofluoric acid, hydrated 
aluminium silicate is formed, mixed with 
soluble potassium fluondo, whilst sihca is 
deposited on the sides of the tube m which the 
reaction takes place Residual clays, as a lule, 
contam a smaller percentage of oxide of non 
and organic matter than sedimentary clays, and 
are consequently lighter in colour both before 
and after bakmg 

^:^cdlmentary clays are formed by the trans- 
portation and rcdeposition in water of residual 
clays, and clays so formed may be again tians- 
ported and redeposited in the same way, so 
that they may have no direct relationship to 
the rock formation on which they he. Sedi- 
mentary clays belong to all geological ages, from 
the present to the Cambrian, and are of varying 
degrees of hardness, from the soft drift which 
may be dug with a spade to the hard clay shales 
of the older formations, which require to be 
blasted. These clays are always roughly 


stratified in structure, and show considerable 
variations in general character and composition 
throughout their mass, owing to the varying 
conditions under which they were deposited. 
The harder varieties of clay are readily converted 
into the plastic form by grinding with water,, or 
by weathenmfy and they are now largely used foi 
the making of bricks, &c , where formerly only 
the softer surface clays were used. When 
breathed upon or moistened, clays usually 
emit a peculiar odour known as argillaceous 
This characteristic is more marked in the sedi- 
mentary than in the residual clays, and may 
possibly be connected with the contained organic 
matter. 

Plasticity IS an essential property of all 
clays in the moist condition, but this quality 
vanes greatly m different clays The presence 
of organic matter, finer gnnding of the pai tides 
of the day, ‘ ageing ’ m the moist condition and 
‘ weathering,’ all tend to increase the plasticity, 
but no entirely satisfactory explanation of the 
cause of plasticity has yet been put forward. 
Clay loses practically the whole of its hygro- 
scopic water when dried at 100°, and it con- 
tracts and loses its plasticity at the same time, 
becoming hard and brittle On being soaked or 
ground m water, howevci, it becomes soft and 
plastic again The chemically combined water 
IS not dnven off until the day is heated to 
redness, the tcmpcratuio of the dchydiation, in 
the case of ordinary day, bemg jirobably between 
480° and (>00°. Clay that has been heated to 
this temperature will not again become plastic 
on bemg ground with water, so that it is evident 
that the plasticity of a clay is dependent upon 
some physical or chemical condition, which is 
destroyed on heatmg to about 500° When 
days are heated to a highei tcmjicrature 
(generally about 900°), they contract more or 
less and become hard, compact, and stone-hko, 
and at higher temperatures stdl they become 
vitieous and ultimately fuse. The purest 
varieties of thma day (which approximate to 
the composition of kaolimtc) fuse at a tcmpeia- 
ture of about 1830°, and other clays fuse at 
lower temperatures, according to the nature and 
percentage of the various impuiities contained. 
The chemical impurities which chiefly affect the 
fusibihty of a clay are the salts of magnesium, 
calcium, iron, sodium, and potassium Richter 
fast pointed out that chemically equivalent 
amounts of the oxides of these substances exer^ 
equal influences on the fusibility of a clay The 
presence of free silica (quartz sand) tends to 
raise the fusion point of days containing a con- 
siderable percentage of these bases, but it has 
an opposite effect on the purer china clays In 
the manufacture of pottery ware of all kinds, 
the firing temperature depends upon the chemical 
composition of the clay (which determines the 
fusibility) and upon the result required. For 
example, m the manufacture of porcelain, where 
the resultant ware must be non-absorbent or 
vitreous, the firing temperature ranges from 
about 1260° to 1560°, accordmg to the chemical 
composition of the clay mixture or body used, 
whereas in the manufacture of ordmary white 
earthenware, where a porous or non- vitreous 
ware is desirable, the firmg temperature ranges 
from about 1160° to 1260°. 

The cMour of fired clay, i.c. clay that has 
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been heated to a temperature of over 900®, 
depends upon the impurities present, and upon 
the character of the bring gases. The purer 
kinds of residual clays fire to a whitish mass, 
but all other clays become more or less strongly 
coloured, the tint being determined generally 
by the percentage of iron oxide present. Iron 
may be present in clays in vanous combinations, 
such as feme oxide (FegOg), hydrated ferric 
oxide (2Fe203,H20), ferrous carbonate (FeCOg), 
and more rarely magnetic oxide (Fe304), but m 
firing in the ordinary way all these salts are 
converted into feme oxide Some clays contam 
a considerable amount of iron pyrites dissemi- 
nated through the mass in small grains, and these 
clays are often troublesome m use, as the sulphide 
is not so readily converted into oxide in the 
ordinary firing process. Moreover, the sulphide 
on weathering with the clay gives rise to soluble 
sulphates which are detrimental. In the yellow 
and brown surface clays and red- firing shales, 
the iron is prasent in the form of ferrous carbon- 
ate, which, together with the organic matter 
present, produces the natural grey colour of 
these shales. In ordinary clays, and with an 
oxidising atmosphere, 1-2 p c of iron oxide 
produces a buff colour, 2-4 pea salmon colour, 
and above 4 p c a red colour, which becomes 
darker as the percentage of iron increases The 
presence of otticr impurities, however, modifies 
the colour produced by iron oxide considerably, 
and this is especially the case when a large 
percentage of lime or magnesia is present 

Some clays (commonly called marls) contain 
from 15 to 30 pc of lime, and although they 
may also contain as much as 6-8 p.c of iron 
oxide, they fire to a light-yellow or WfF colour. 
Such clays are largely used for making the well- 
known yellow facing bricks, which were at 
first made chiefly from the marls of the Thames 
basin, the Paris basin, &c , and are now made 
from artificially prepared mixtures of clay or 
chalk and limestone The presence of certain 
soluble salts (chiefly sulphates of calcium or 
magnesium) in clays often produces serious 
discolouration on firing, owing to the deposition 
of these salts on the surface durmg the drying 
and firing of the ware To prevent this action, 
it IS usual to mix with the clay barium carbonate, 
to combine with the whole of the sulphuric acid 
present, and so convert the soluble salts into 
insoluble ones When clays are fired in a 
reducing atmosphere, the red ferric oxide is 
converted into blue ferrous oxide, and the re- 
sultant ware is consequently bluish m colour. 
Blue’bncks are made from certain clays, con- 
taining generally from 6 to 1 0 p c of iron oxide 
by firing in this way 

The presence of clay in soils exerts an 
important action on the growth of plants 
Ammonia is retained by clay in such a manner 
that it cannot bo removed except by an excessive 
amount of washing ; in fact, clay will remove 
ammonia and many organic substances from 
manure, and still retain them in a form readily 
available for plants. 

Kadintte AlgOg *28102, 2H2O A compara- 

tively rare cmtalline mineral which occurs in 
Anglesey, in Colorado, and a few other localities 
in the form of minute hexagonal plates, having 
a perfect basal cleavage, and belonging to the 
monoclinic system. Kaolinite was formerly 
VoL. II.— y. 
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supposed to form the base of all clays, but this 
view IS no longer held, and the term should bo 
restneted to the crystalline mineral described 
above. 

Kao lin, China day The Chinese term 
kao-lm ’ (literally meaning ‘ high ridge ’) was 
applied to the white earth from which porcelain 
was made, and it corresponds to the English 
china clay, so called because it is used for the 
making of ‘ china,’ or porcelain These terms 
are now applied to all the purer residual clays 
which contain a high percentage of hydrated 
aluminium silicate (Al203*2Si02,2H20), and 
which consequently give on analysis 33-40 p c, 
alumina (AlgOg), 45-60 pc. silua (810^), 11-14 
p.c. water, with very small percentages of 
iron oxide, soda, potash, lime, magnesia, &c. 
Clays of this class are worked in (^ornwall and 
Devon, at St Yrieix near Limoges, Zettlitz in 
Bohemia, m the United States, m South Africa, 
<Src As mined, the clay generally contains a 
large percentage of quartz -sand and mica, and 
it IS refined by washing In Cornwall the china 
clay is usually the result of the weatheiuig of 
pegmatite, and the felspar of the parent rock 
is often decomposed to a depth of 60 to 100 feet. 
In this condition it is known as china clay rode, 
and the workman breaks down the crumbling 
surface with a pick and then directs a stream 
of water over this to wash down the material, 
which 18 passed into tanks where the suspended 
matter settles out, the quartz, clay, and mica 
being deposited according to the sizes of the 
particles, and so separated from each other 
The china clay is allowed to dry to a stifi paste 
m the tanks, and is then removed to the drying 
kilns, where it dues until it can be cut into 
blocks ready for shipment Tt is a soft, fnablo, 
soctile, white substance, showing irregularly 
shaped granules under the microscope, and 
possessing only a moderate plasticity when 
mixed with water Cf Coon, ’Irans Eng 
Ceramic Soc 1910-1911, 10, 81 China clay 
IS used m tlio manufacture of porcelain and 
white earthenware, in paper making, and the 
tilling of calico, and also in the manufacture of 
alum, aluminium sulphate, and ultramarine 
The fine mica separated from the china clay in 
the washing is used for weighting coarse papers, 
paper boards, &c 

Ball day, Poiter\H day The name given 
to certain sedimentary clays which fire to 
whitish or light-bulT colour, and which possess 
high plasticity and tensile strength when in a 
moist condition. They are worked in Devon- 
shire and Dorset, and in some parts of the 
Umted States, &c., and are chiefly used m 
the manufacture of white earthenware. They 
are generally finer in gram than china clay, 
contam more organic matter and other im- 
purities, and are consequently more plastic 
in a moist state, and fire to a vitreous mass 
at a lower temperature. They usually also 
contam a higher percentage of silica than china 
clays. 

Pipe day A rather loose term, which is 
applied to white clays which contain a relatively 
high percentage of silica, and which have been 
used without admixture for several hundred 
years for the making of tobacco pipes and also 
for common pottery. These clays are of various 
geological origins, and in some localities the 

t; 
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highly silicionfl clay found in pockets in lime 
Btone formations, and resulting from the decom- 
position of ew^illaceous limestones and chert rock, 
IS used m tins way. Ball clay is also used for 
the same purposes, and is sometimes consequently 
spoken of as pipe clay. 

Plmtic day. This term has been specially 
applied to those bods of the Lower Tertiary or 
Eocene strata, which occur between th^ London 
clay and the chalk, and which may be recognised 
at Woolwich, Reading, Blackheath, Bognor, and 
in the neighbourhood of Pans, &c This clay 
IS mottled red or purple, and fires to a red 
colour Some of our earliest pottery was 
manufactured from this clay, and it is still 
worked m Hampshire, m the Isle of Wight, 
and elsewhere. 

Slate clay occurs m Devon, Cornwall, &c., 
differing considerably in different districts. It 
IS massive, interspersed with mica, and of a 
greemsh or greyish colour It is sometimes hard 
and alateyy being readily cleavable into slabs, 
whilst in another form, the killas of the Cornish 
mmes, it has an earthy fracture, is soft and 
frangible, and weathers to a more or less plastic 
clay It is chiefly used for the manufacture 
of common bricks and tiles, and, when fairly 
free from lime, magnesia, and iron, for fire- 
bricks. 

Common day is the term often applied to 
the ordinary surface and drift clays which have 
been used for centuries for making common 
pottery and bricks 

Fireclays. As the name implies, these clays 
are of a very refractory nature, and although, 
strictly speakmg, practically all the pure 
residual clays come under this head, the term 
‘ fireclay ’ has been restricted in use to certain 
coal-measure shales which have a high fusion 
point, and which are used mainly for the 
manufacture of firebricks, gas retorts, glass pots, 
furnace linings, &c 

These fireclays usually underlie the coal 
seams, and are often worked in conjunction with 
the coal Certain districts are paiticularly 
noted for the quality of their fireclays, and m 
England the Stourbridge coal-measure shales 
have long been considered of the highest quality, 
and fireclay-mines are extensively woiked m 
the Stourbridge district Good fireclays are 
also found and worked in the Lancashire and 
Yorkshire, Derbyshire, and Glasgow coal-fields. 
The fireclay shales are mostly greenish-grey m 
colour, compact, dense, and of varying degrees 
of hardness On exposure to the weather they 
usualW crumble down, and m time become con- 
verted mto plastic clay The weathering process 
may be greatly accelerated by gnnding the shale, 
but this is only done when the clay is to be used 
for the more expensive fireclay goods Only 
those coal- measure shales which contam small 
percentages of oxide of iron, lime, and magnesia, 
are sufficiently refractory to be used as fireclays, 
and although no definite fusion-point has been 
fixed, it seems advisable that no clay having a 
fusion-point lower than 1600° should be classed 
as a fireclay. In the manufacture of fireclay 
goods, the partially weathered or ground fire- 
clay IS usually mixed with a certam proportion 
of ‘ganister,’ coarse sand, burnt clay, or other 
refractory material which produces in the fired 
ware a certain open texture, which enables it 


better to withstand rapid changes of tempera- 
ture. Certam silicious fireclays and other coal- 
measure clays are used in the manufacture of 
salt-glazed drain pipes, and also for making 
common culinary ware, buff-coloured tiles, 
terracotta, glazed bricks, &c. 

Chemical analysis of clay. From 1-2 grams 
of finely powdered clay, dried at 120°, are 
weighed mto a platinum crucible, and mixed 
with about six times its weight of a fusion 
mixture consisting of potassium and sodium 
carbonates in equimolecular proportions The 
mixing IS best performed by first stirring together 
the clay with about the same bulk of fusion 
mixture by means of a dry glass rod, and then 
adding more and more fusion mixture with 
repeated stu-rmg, until the whole is thoroughly 
mixed. The glass rod should then be rubbed 
m a little fusion mixture, which is added to the 
mass m the crucible The covered crucible is 
gradually heated over a Bunsen burner (a Teelu 
Burner may be advantageously used) until the 
whole mass is in a state of tranquil fusion The 
crucible is allowed to cool, and aftei wards the 
bottom 18 raised just to dull redness, twice 
successively, m order to facilitate the removal 
of the mass from the crucible. After cooling, a 
few drops of distilled water are added, and the 
crucible very gently warmed until the mass 
detaches itself The contents of the crucible 
are then washed mto a large platinum dish (a 
poicelam dish may bo used without seriously 
impairing the accuracy of the estimation), 
covered with water, and then warmed until the 
fused mass is completely softened. Hydro- 
chloric acid IS then added, a few drops at a time, 
until all effervescence ceases The contents of 
the dish are evaporated on a water-bath, with 
constant stirnng at the later stages, to ensure a 
fine powdery residue from which the last traces 
of hydrochloric acid are readily driven off. 
When cold, the contents of the dish are moistened 
with moderately strong hydrochloric acid, and 
allowed to stand for one hour , water is then 
added, and the dish again heated on the water- 
bath The clear liquid is poured through a 
filter, and the residue m the basin, which consists 
of silicic acid, IS washed repeatedly by hot 
water until it remains white when moistened 
with hydrochlonc acid. The residue is then 
transferred to the filter, and weished with hot 
water until the filtrate no longer gives a precipi- 
tate with silver nitrate solution The filter and 
contents are then placed m a platinum crucible 
and dried, and afterwards gradually heated, and 
finally igmted strongly until the paper is com- 
pletely mcmerated, and the weight constant. 
In order to ensure the complete separation of 
the silicic acid, it is necessary to evaporate the 
filtrate down to dryness, and treat exactly as 
before, and this process may be repeated again 
if very great accuracy is required. After filter- 
ing, the filter paper and residue are dried and 
added to the original silicic acid residue before 
igmtion. The contents of the crucible are then 
weighed as silicon dioxide (Si02) If the clay 
contains titamo acid (as many clays do), this wiU 
accompany the silica. In order to determine 
the former, the contents of the crucible are 
covered with strong hydrofluoric acid, a few 
drops of sulphuric acid added, and the crucible 
warmed oft the water-bath until all the sihcon 
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fluoride and the sulphunc acid have been driven j 
off. The residue ls then weighed as titanic oxide 
(T 1 O 2 ), which should bo identified by the violet- 
colourod bead with microcosmio salt. 

The filtrate is made up to definite volume, 
and divided into two parts, one for the determina- 
tion of the iron, and the other for the determina- 
tion of the alumina, calcium, and magnesium 
The iron is estimated as ferric oxide, and 
determined either by reduction with zinc and 
titration with potassium permanganate solution, 
or by the lodimetric method 

The other portion of the filtrate is heated on 
the water- bath, and ammonia added drop by 
drop, with repeated stirrings, until there is a 
slight excess ot ammonia present The liquid is 
then boiled for a moment and filtered. The 
precipitate is washed twice with hot water ; 
washed back into a dish, and dissolved in hydro- 
chloric acid ; repiecipitated and filtered as 
before, and finally washed with hot water until 
the filtrate gives no precipitate with silver 
mtrato solution The washing should bo 
repeated immediately the previous wiushmg has 
disappeared from the filter, and a jet oJf hot 
water should be directed into the precipitate so 
a.s to break it up as much as possible The filter 
paper and contents are then dried, the residue 
removed into a platinum crucible, the paper 
separately incinerated, and then placed in the 
crucible, and the whole strongly ignited until the 
weight IS constant The contents are then 
weighed as alumina (Al^Og) and ferric oxide 
(FogOg), the amount of ferric oxide separately 
determined as above being deducted from the 
total, leaving alumina only (e art Aluminutm) 
The filtrate from the alumina and feme oxide 
is concentrated, and ammonium oxalate solution 
added while hot The pn'cipitate is filtered 
off, thoroughly washed with hot water, dried, 
strongly heated, and weighed as C\aO The 
filtrate from the above is then concentrated, 
and the magnesium piccipitated by sodium 
phosphate and ammonia The precipitate is 
filtered off, dried, and ignited until the weight 
IS constant The ignited residue consists of 
weight must be multiplied by 
0 3624 to give the amount of magnesia (MgO) 
contained 

Determination of the alkalis. The method 
introduced by Lawrence himith (Amer. J Sci 
[2] 50, 209) IS the most trustworthy, and is 
-based on the decomposition of silicates by fusion 
with calcium carbonate. In practice, the dried 
and finely powdered clay is mixed with its own 
weight of ammonium chloiide, and four times 
its weight of calcium carbonate These latter 
matenals must be as free as possible from 
alkali The ammonium chloride used is pre- 
pared by subliming the commercial salt , and 
the calcium eaibonate is prepared by dissolving 
the purest calcite obtainable in hydrochloric 
acid, and precipitating with ammoma and 
ammonium carbonate. The precipitation is 
carried out in a lar^e porcelain dish, and, after 
settling, the clear liquid is poured off, and the 
precipitate washed by decantation until free 
from chlorides. A special platinum crucible is 
used for the fusion, about 8 cm. long, and 2 
cm. diameter at the top, tapering to IJ cm. 
at the bottom. About 0‘6 gram clay is weighed 
out, and mixed by rubbing in an nigate mortar 


with the same weight of ammonium chloride, 
and afterwards 3 grams of calcium eaibonate 
are added, and the whole thoroughly mixed 
The mixture is then transferred to the erueible, 
and the mortar is cleaned out with about 1 gram 
of calcium carbonate, which is added to the mix- 
ture in the crucible The covered crucible is 
supported in an inclined position, and very 
gradually heated over a small Bunsen flame for 
about 15 minutes, until no more ammonia is 
given off, and then the temperature is raised 
until the lowei three-fourths of the crucible is 
a dull-red, and this temjieraturo is maiiif-amed 
for 1 hour The crucible is cooled and the 
contents removed (by tapping the inverted 
crucible) into a porcelain or platinum dish If 
the sintered mass sticks to the crucible, a little 
water should bo added, and the crucible gently 
warmed until the mass detaches itself, and the 
whole can be washed into the dish About 60 
c c of distilled water are added, and the covered 
dish heated on a water- bath for 30 minutes, the 
water lost by evajioration being replaced, and 
the larger particles reduced by rubbing with 
an agate pestle The clear liquid is decanted 
through a hltci, and the residue washed by 
decantation four times, and then transferred to 
the filter and washed until the filtrate gives 
no precipitate witli silver nitrate. The filtrate 
contains the alkalis as chlorides 

The calcium is precipitated by the addition 
of ammonia and ammonium carbonate to the 
filtrate, which is lieated and filteied The residue, 
which contains some tdkali, is dissolved in hy- 
drochloric acid, again piecipitated by ammonia 
and ammonium carbonate, and filtered. The 
combined filtrates are then evaporated to dry- 
ness in a platinum dish, and the ammonium salts 
lemoved by careful heating over a moving flame. 
The residue is dissolved in water, and any traces 
of calc Him left are precipitated by the addition 
of ammonia and ammonium oxalate After 
standing 12 hours, tlie liquid is filtered off, 
evaporated to diyness in a weighed platinum 
dish, and gently heated. The alkali chlondes 
remaining in the disli are weighed, and the 
potassium determined by dissolving the chlorides 
in water and pieoipitating the potassium as 
potassium platmo-chloride The sodium is 
determined by difference 

Rational analysis of clay. To determine the 
relative amounts of clay substance, quartz, 
and undecomposed felspar, dry the clay to 
constant weight, and weigh about 5 grams of 
the dried and finely powdered clay into a porce- 
lain dish , add 50 c c. of concentrated sulphunc 
acid and 100 c.c of water, and then heat the 
mixture for 3 hours on a water-bath, and 
afterwards on a sand-bath, until the acid 
commences to fume. After cooling add water, 
and decant the clear liquid into a 2-litre beaker 
To the residue in the dish add 10 c c. of Lunge’s 
solution (100 grams crystallised sodium car- 
bonate, and 10 grams sodium hydroxide, dis- 
solved in 1 litre of water), boil for 5 minutes, 
dilute with water, and decant into the beaker. 
Treat the residue in the dish similarly with 
concentrated hydrochloric acid, and repeat the 
treatment with Lunge’s solution and hydrochloric 
acid, diluting with water after each treatment, 
and decanting the clear liquid mto the beaker. 
Then wash the residue on to a filter with 
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dilute hydrochloric acid. Stir up the con- 
tents in the beaker, and allow to stand for an 
hour. Decant off the clear liquid, taking care 
to retain the residue in the beaker Wash the 
residue into the dish, and repeat the treatment 
with Lunge’s solution and acid as above, and 
ass through the filter Wash with dilute 
ydrochloric acid, dry and ignite the filter paper 
and contents in a weighed platinum crucible. 
This residue is reckoned as felspar and quart/, 
and the loss suffered by the clay in this treatment 
as clay substance. 

To determine the quartz and felspar, add 
about 6 c c of water, 4 drops of sulphuiic 
acid, and 15 c c. of hydrofluoric acid to tlie 
residue in the crucible, and heat the whole 
carefully on a sand-bath until nearly dry. Add 
more hydrofluoric acid, and again heat as before. 
After cooling, dissolve the mass in water, wash 
into a dish, and add ammonium chloride and 
ammonium hydrate to precipitate the hy- 
droxides of alummium and iron Filter, wash 
with hot water, heat and weigh This weight is 
multiplied by 5 451 to obtain its equivalent in 
potash felspar, and the difference between this 
and the weight of the oiiginal lesidue is taken 
as quartz 

Many ceramic chemists calculate the ra- 
tional constitution of the clay from the 
ultimate analysis, taking the potash as derived 
entirely from uiideeomposed felspar (re'ckoned 
as ^he alumina and iron as 

derived from felspar, and the clay substance 
(reckoned as Al^O^ 2Si02,2H20) and the silica as 
derived from the clay substance and quartz. 

J D 

CLAYITE. A name suggested by J W Mellor 
m 1909 for the non- crystalline variety of kaolinite 
H4AI2S12O9, of which china-clay and most other 
clays are largely composed. The same name 
had been earlier used by W J Tayloi, in 1859, 
for an uncertain alteration product (of tetra- 
hedrite ?) composed of sulphur, arsenic, anti- 
mony, lead, and copper. L J. S 

CLAY IRONSTONE v Iron, Ores of 

CLAY SLATE V Slate 

CLAYTON CLOTH RED v Azo- colouring 

MATTERS. 

CLAYTON YELLOW v Primuline and its 

DERIVATIVES. 

CLEVEITE. A variety of uraninite, consist- 
ing of a uranate of uranyl, and oxides of lead 
and the rare earths Usually obtained from 
Norway and Sweden Hillebrand (Bull. U S. 
Geol Survey, 78, 43, 83) found the percentage 
of rare earths to be about 13, and that on 
heating with sulphuric acid, over 2 p c of mtro- 
gen was evolved. Ramsay (Chem. Soc. Trans 
1895, 1107) proved that the gas evolved was 
not nitrogen, but helium {q v ) Only half the 
helium is evolved by heat alone, and, moreover, 
in some cases the disengagement of the gas is 
accompanied by considerable evolution of heat 
(Proc Roy. Soc 1898, G4, 140). V Broggerite 
and Pitchblende. 

CLEVE’S ACIDS. l-Naphthylamine-6 and 7- 
Sulphonic Acids, v Naphthalene. 

CLICHY WHITE. A white lead manu- 
factured at Chchy, m France (v. White lead, 
art. Lead.) 

CLOTHBROWN, ORANGE, -RED, 
-SCARLET, V. Azo- colouring blatters. 


CLOVE OIL V. On s. Essential. 

CLOVER. The name by which several 
legummous forage plants are known. The chief 
species are. white clover {Tnfolivm repens, 
Linn); red clover {T. praiense, L.) ; alsike 
clover {T. hyhndnm^ L.) ; crimson clover {T. 
tnearnatum, L ) , yellow suckling clover {T. 
dvbium, Sibth.) ; mammoth red, or zigzag clover 
( T medium, L ) ; hop clover, or hop trefoil ( T. 
procumhens, L ) All the above belong to the 
true clovers, to the genus Trifolium. Also 
included as clover are yellow clover, or trefoil 
{Medic ago lupulina, L ) ; Bokhara clover, or 
melilot {Mehloius alha, Desn ) ; Japanese clover 
{Le^pedeza striata, Hook ct Am.) ; and Soola 
clover, or sulla {Hedysarum coronanum, L.). 
The following table gives the average composi- 
tion of various clovers at the time of flowering 
(Kellner) : — 

Sol carbo- 

Water Protein Fat hydrates Fibre Ash 
T repens . 81 5 4*4 0 8 0 9 4 3 2 1 

T. pratense .79 0 34 07 94 59 1 0 

T hybridum .81 8 28 07 70 02 15 

T. incamatum, 81 5 2 8 0 7 7 0 0*1 1 9 

T procumhens 80 0 35 08 84 57 10 

Mdilotm alba . 4*1 0 8 7 4 6 7 2*3 

The following arc analyses of hay from various 
clovers . — 

Sol. carbo- 

Water Protein Fat hydrates Fibre Ash 
r. repens . 9 7 15*7 2 9 39 3 24*1 8*3 

T piatense . 10 5 13-5 2*9 37 1 24 0 0 0 

T hybridum . 10 0 13 6 3 1 34 5 25 7 7 1 

T. tncarnaium* 10 7 12 0 2 4 35 5 20-2 7 2 

T, procumbens 10 0 15 4 3 4 33 2 24*5 7 6 

Mehloius alha, 15*7 10-7 2 8 27 9 30 3 8 0 

Lespedeza striata 9'1 137 40 47 5 210 4*1 

White or Dutch clover is a low, creeping 
perennial plant, valuable for grazing Its 
growth in pastures is encouraged by phosphatic 
and potash manuring, but discouraged by 
mtiogenous manuies In America, it is said 
that its blossoms salivate horses, and that 
consequently much clover in pastures is an 
objection where horses giaze. White clover 
furnishes most excellent pasturage for bees, 
the honey which it yields being colouiless and 
of high quality. 

Red clover or broad clover is usually grown 
as a biennial, but will sometimes stand longer. 
It IS often grown as a hay crop, or for cutting for 
green forage. It is the variety most susceptible 
to ‘ clover sickness,’ and on many soils can 
only be grown safely once in 10 or 12 years. 

A variety of red clover, T pratense var. 
perenne, known as ‘ cow grass,’ is not so prone 
to clover sickness, and lasts longer. It is, how- 
ever, of slower growth, and usually yields but 
one crop per year of hay. 

Alsike clover has whitish and pinkish 
flowers, and is a perennial ; it is hardly suscep- 
tible to clover sickness. 

Crimson clover, or ‘ trifolium,* is also a 
somewhat slow-growing crop, and is an annual. 

Yellow sucklmg clover is a smaller plant than 
the other clovers, and is usually only grown in 
mixtures with rye-grass, &c. It is an annual. 

Zigzag clover, known in Amenca as mammoth 
red clover, ripens later than red clover, and is 
taller and ranker. 
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Bokhara clover, or large white clover, is a 
biennial, with small white flowers. This plant 
is remarkable for its strong odour, more pro- 
nounced when dried, of coumann ; animals do 
not eat it readily until they become accustomed 
to it. 

Soola clover is a perennial resomblmg red 
clover, but is richer in soluble carbohydrates 
{v Scurti, Chem Zentr 1910, i 1632). 

As the table of analyses shows, clovers are 
remarkable for the large amounts of mtrogenous 
matter and of ash which they contain. Of the 
former, however, a considerable proportion is 
of a non-protein nature, particularly in the 
immature plants In the case of red clover, for 
example, it has been found that about 40 p c. 
of the total mtrogenous matter is present as 
amides in very young plants, and that the 
proportion diminishes witn growth, until, when 
the plants are in full bloom, it is about 20 p.c , 
when fully ripe it sinks to about 12 p c. 

The ash of cloveis is remarkable for its 
richness in lime and its poverty in silica (in 
which grasses and cereal straws are so rich). 

The following are Wolff’s analyses of various 


clover ashes 

- 







K 2 O Na>0 MgO 

CaO 


SO 3 

S 1 O 2 

Cl 

lied clover 34 5 

1(3 

12 2 

34 0 

9 9 

30 

2 7 

37 

White „ 19 4 

78 

10 0 

33 2 

14 1 

88 

4 5 

32 

Alsike „ 33 8 

1 5 

15 3 

31 9 

10 1 

4 0 

1 2 

28 


The very high ratio of lime to phosphorus 
pentoxide in the ash is noticeable. 

Clover hay has proved very successful as a 
constituent of the rations of fattening oxen and 
sheep 

Out of about 200 feeding experiments with 
nearly 1000 cattle, conducted in Brit<iin between 
1833 and 1908, 17 included clover hay m the 
daily ration The average daily increase in 
live weight per head of the whole was 1 803 lbs , 
while the consumption of total digestible matter 
per 1 lb. live weight gained aveiaged 9 lbs. In 
the 17 cases wheic clover hay formed a portion 
of the food, the figures aie 2 1 lbs , and 7 47 lbs 
respectively (Ingle, Journ High and Agii Soc 
of Scotlanci, 1900) 

With sheep, the results are equally signifi- 
cant 2390 sheep fed m various ways, between 
1844 and 1909, gave an average weekly increase 
per head of 2 06 lbs , and consumed an average 
of 7 43 lbs total digestible matter per 1 lb 
increase in live weight ; while 384 sheep receiving 
clover hay as part of their ration, gave an average 
weekly increase of 2*58 lbs. per head, and con- 
sumed only 6 20 lbs of total digestible matter 
per 1 lb. inciease in live weight (ibid 1910) 

H I 

CLOVER FLOWERS. It has long been 
known that clover flowers dye a yellow colour 
on aluminium mordanted fabrics, and in the 
past they have been employed to a minor extent 
for dyeing purposes. Three vaneties have been 
chemically examined, viz. those derived from 
the Trifohum pratensPt the T. incarnainmy and 
the T, repens. 

Tnfolium pratense — The flowers known as 
the ‘ common red clover,’ according to Power 
and Salway (Chem. Soc. Trans. 1910, 97, 231), 
contain in addition to isorhamnetin (quercetin 
monomethyl ether) and a glucostde of quercehny 
melting-point 235°, numerous otb^r phenolic 
substances, which, judging by their chemical 


properties, appear to be closely allied to the 
colourmg matters of the flavone group. These 
are described below. 

Praiol Ci 6 H 802 ( 0 H)* 0 CH 3 , colourless needles, 
melting-pomt 253°, readily soluble in hot aqueous 
sodium carbonate and sodium hydroxide with a 
j pale yellow colouration, yields the aedyl com- 
pound, CigHgOolOCaHgO) OCH 3 , and is pro- 
bably a }iydroxymethoxi^lavo7ie. 

A yelloio compound y CigHjoG,, thin yellow 
plates, meltmg-point about 280°, is soluble in 
alkalis with a yellow colour, and its solution 111 
sulphuric acid exhibits a brilliant gieen iluoics- 
cence. it contains a met boxy gioup and gives 
an acetyl compound, Ci 8 H 807 (C 2 H 30 ) 4 , melting- 
point 145°- 147°. 

Pmiensoly Ci 7 H 902 (OH) 3 , is very readily 
soluble m alcohol, dissolves in alkah carbonates 
yielding yellow solutions,* and its alcoholic 
solution gives with ferric chloride a greemsh- 
black colouration Tuacetylpraiensol CjyH^Og 
( 021130 ) 3 , colourless slender needles, melts at 
189°. 

A phenolic substance, 0 j 5 H 7 O 3 (OH) 3 , colour- 
less needles, melting-point 225°, is soluble m 
alkali hy dioxides, and gives with alcoholic feiric 
chloride a dark gieen colouration. The acetyl 
derivative, silky ncedlas, has melting-point 209°. 

The glucoside trifolin 022H22Oii,H2O, iiale 
yellow needles, melts and decomposes at about 
260°. It 18 soluble in alkalis with an mtense 
yellow colouration, and dissolves m sulphuric 
acid, forming a yellow solution, which lapidly 
develops a biilliant green fluoiescence. When 
hydrolysed it yields 1 ham nose and tnfolitm 
CjgHioOg, melting -pomt about 275°, readily 
soluble m alcohol. 

Alkalis dissolve tnfolitm with an mtense yellow 
colour, alcohohe ferric chloride gives a dark 
green colouration, and alcoholic load acetate an 
orange-yellow lead salt. It contains no methoxy 
group, and is unaltered when heated for seveial 
houis with 30 p.c aqueous potassium hydroxide. 
It docs not appear to belong to the flavone group, 
and differs from the flavone compounds by the 
fact that it does not give an oxonium salt with 
sulphuiic acid, and only with difficulty a potas- 
sium compound by means of alcohohe potassium 
acetate. It may possibly consist 01 a tetra- 
hydroxyphenylnaphthoqumone. The acetyl com- 
pound when rapidly heated melted at 116°, re- 
solidified at a higher temperature, and finally 
melted at 182°.^ 

The glucoside isotrifoliii 022ll220ii, isomeric 
with trifolin, consists of pale yellow needles, 
melting-pomt about 250°, and when hydrolysed 
yields similarly to the latter tnfolitm, CuH.oO., 
melting-point 275°. Though m general beha- 
viour it IS very similar to trifoliny it is much more 
soluble m alcohol, and does not appear to bo 
identical with this glucoside. 

In addition to these compounds the flowers 
contain salicylic acid, coumaric acid, myricyl 
alcohol CsiH-gOH, heptacosane O 27 H 53 , hentria- 
contane C 3 iHe 4 , sitosterol C 27 H 48 O, tnfolianol 
C 2 iH 3402 (OH) 2 , palmitic, steancy linolic, oleic, 
linolemc, and tsolinolenic acids. 

1 Both in its melting-point and that of its acetyl 
derivative there is a marked resemblance between 
trifolitin and kaempferol. 
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Tnfdlium tncamat'im, — A considerable differ- 
ence 18 exhibited between the constituents of 
the ‘ carnation or crimson clover flowers * and 
those of the T. prateme or ‘ common red clover.* 
Accoiding to Rugerson (Chem. Soc Tians 
1910, 97, lOOG) these flowers contain pratol 
C,5H8()2(On)(OCH3), free quercetin, and a glu- 
coside of quercetin C2iH2oOi2,3H20, to winch 
the name uicarnatnn is applied. This latter 
crystallises in yellow prismatic needles, melting- 
point 242°-246°, dissolves in sulphuric acid with 
formation of a green fluorescent solution, and 
when hydiolysed yields quercetin and glucose 
according to the equation 

C2iH2oOi2H H20 = Ci6HioO,-fCeHi20, 
Tncainatrin is not identical with the querci- 
meiitiin of Perkin (Chem. JSoc. Tians. 1909, 96, 
2181) 

In addition to these substances the flowcis 
yield furfvraldchi/de, benzoic and salicylic acids, 
a tiace of p-counmiic and, incaruatyl alcohol 
hentriacontarie C3jH<j4, a plytosteiol 
^^7^4 6^^ palmitic, stcanc, okic, Itnolciui, 

and isolinoUmic acids 

Tri folium repens — The flovers of the white 
clover, 2\ lepens, according to Perkin and Phipps 
(Chem. Soc. Tians 1904, 85, 68), owe their 
tinctorial property to quercetin which is piesent 
as glucoside. AGP. 

CLOVES. The cultivation of cloves forms 
the moefc important industry of Zanzibar and 
of the island of Pemba In 1913-14 the total 
crop was 26,431,736 lbs of which 20,092,771 lbs 
came from Pemba, wheie about two-thirds of the 
total area, or about 35,000 to 40,000 acres, are 
under clove cultivation The crop is, however, 
very uncertain, the amount in some years not 
being above one sixth of the above yield. Large 
trees may furnish from GO to 70 lbs of dry cloves, 
although the average yield is only about 3J to 
4 lbs per tree per annum The cloves are 
picked by hand and dried in the sun The 
value of cloves depends upon the amount of 
essential oil piesent, the quantity of which may 
vary from about 0 to 20 p c Of this oil about 
84 to 90 p c consists of eugcnol ( V Clove Oil 
in art Oils, Essential ) 

COAL 7; Fuel 

COAL GAS V. Gas, Coal 

COBALT. Sym Co At wt 68 97. 

Cobalt usually occurs combmed with arsenic 
or sulphur, and almost invariably associated 
with mckel and other metals Free cobalt 
occurs only in meteontes. 

The most plentiful and important ore of 
cobalt 18 smaltine or tin white cobalt, consisting 
of arsemde of cobalt, nickel, and iron It occurs 
abundantly at Schneeberg and many other 
localities where bismuth is found {v. Bismuth), 
in Bohemia, at Balmoral near Pretoria, near 
Sudbury m Ontario, very pure at Tunaberg in 
Sweden, and free fiom nickel m Colorado. As 
triarsemde, it forms shutterudite CoAsg Sulphar- 
senide of cobalt occurs as cobalt glance, grey 
cobalt, or cobalt me, abundantly at Vena (Sweden) 
and m Norway ; in smaller quantities in Silesia 
and Cornwall As hydrated arsenate it forms 
cobalt bloom or erythrite Co3As208,Aq , found 
frequently as a peach-coloured incrastation 
on other arsemcal ores, being produced by | 
their decomposition. As sulphide, cobalt occurs * 


in small quantities in cobalt pyrites and in 
hnnaeite. 

Black eaiihy cobalt is a hydrated oxide of 
cobalt and manganese. It is essentially a variety 
of wad (hydrated manganese oxide), containing 
sometimes as much as 40 p.c. of cobalt. Surface 
deposits contaimng oxides and sulphides of 
CO bait and of nickel occur at New Caledonia, with 
veins of chrome ore and nickel and magnesium 
silicates , it IS smelted on the spot and exported 
as a legulus to England Cobalt occurs m 
small quantities in many other minerals , in 
pyrites and in certain non ores , as oxide in black 
oxide of manganese , as arsenide in mispickel, 
sometimes to the extent of 10 p c. , in selenideof 
lead, and m cerite, and in some peats and coals. 

At the present time the most important 
source of cobalt, whence almost the whole of 
the cobalt of commerce is obtained, is the district 
surioundmg Cobalt city, near the shores of 
Lake Temiskammg in North Ontaiio Heio 
vciy iich silver oics are found, contammg 
frequently 2000 oz silvei per ton, and sometimes 
as much as GO p c These oies also contain a 
high percentage of cobalt and mckel, chiefly as 
arsenides, and, aftei exti action of the silver, are 
sent to nickel and cobalt reliners. 

Extraction — The methods adopted by manu- 
factuiers for the extraction of cobalt from the 
ores vary with the nature of the oies The ores 
are first concentrated by fusing with a suitable 
flux, whereby silicious matter and a poition of 
the iron aic icmoved In the case of the Ontario 
ores, the speiss consists chiefly of arsenides of 
cobalt, nickel, iron, and copper The speiss is 
then calcined, the iron is oxidised to feme 
oxide, part of the arsenic is removed, a little less 
being left than is lequired to combine with the 
iron The mass is then dissolved in hydro- 
chloric acid, and bleaching powder and lime aie 
added, whereby the iron is precipitated as 
arsenate and hydroxide The liquid is then 
treated with sulphuretted hydrogen to precipi- 
tate copper and other heavy metals, excess of 
the gas evaporated off, and the cobalt precipi- 
tated as oxide by tho^addition of bleaching 
powder The nickel in ^ the solution is subse- 
quently precipitated by potash or lime 

In the case of New Caledonian ores, consisting 
chiefly of sulphides, the treatment of the con- 
centrated ore is somewhat different The matt, 
consisting chiefly of sulphides, is carefully 
calcined at a moderate temperature, and 
converted into sulphates These are dissolved 
in water, and the non precipitated by careful 
addition of the requisite quantity of sodium 
carbonate The copper and heavy metals are 
separated by sulphuretted hydiogen, and after 
boiling off the excess, the cobalt is precipitated 
by sodium hypochlorite (bleachmg powder 
cannot be used, owing to the sulphates in the 
solution), and the nickel in the remaining liquid 
precipitated by sodium carbonate. 

In Herrenschmidt’s process for the treatment 
of New Caledoman ores, these are treated with 
a solution of ferrous sulphate, when cobalt, 
nickel, and manganese pass into solution, and 
iron remains m the residue. Copper is first 
separated, and then the cobalt, mckel, and 
manganese precipitated by sodium sulphide. 
The manga*jiese is extracted by feme chloride, 
the mckel and cobalt sulphides roasted to 
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sulphates, and converted into chlondes by 
calcium chloride. A part of the solution is 
treated with hme water, and the suspended 
precipitate oxidised by chlorine and added to 
the other portion, whereby the cobalt is pre- 
cipitated and nickel chloride remains m solution. 

Until of late yeais the only market for cobalt 
compounds was in the ceramic mdustry, in which 
it was employed for whitening the body of china 
and in the production of blue colour It is 
employed in the enamelling trade, tlie manu- 
facture of bluo-colourod signs, the colouring of 
glass and m the manufacture of pigments and 
as drieis for paints. 

Metallic cobalt is not at present used to any 
extent m the arts, though its utility is becoming 
more fully recognised, especially m electio- 
platmg and m hign-sjieed steels and m ‘ stellite,* 
an alloy of cobalt, chromium and tungsten. 
Commei tidily it is always prepared by heating 
the oxide with charcoal , it then contains small 
quantities of carbon Pine cobalt is prepaied 
by heating cobalt oxalate 0o(00,)2, when the 
caibon and oxygen pass off as cai borne an- 
hydride, leaving the pure metal as a powdei 
A button of the fused metal may bo obtained 
by fusion of the oxalate alone, or of the oxide 
mixed with charcoal under a layer of powdered 
glass containing no lead or other reducible 
metal , the fusion is prefei ably performed in a 
lime crucible at the highest temperature of a 
furnace Puie cobalt may also be prepared 
by oloctro-dcposition with platinum eiectiodes 
(Winkler, Zeitsch anorg Cihem 8, 1) Cobalt 
IS also produced as a grey metalhc powder by 
Igniting the oxide at a red heat m a current of 
hydrogen If too low a temperature has been 
used, the metal produced ls 'pyrophoric^ igniting 
and becoming reoxidised in contact with the air 

Carbon monoxide lapidly reduces cobalt 
oxide at all temperatures above 600^, the 
reduction being complete at IKK)'^ With chai- 
coal complete reduction takes place at 1)00°, the 
linal product containing about 2 p e of carbon 
Keduction with aluninuum by the thermit 
process gives a metal containing about 0 1 p e 
of aluminium oi oven less (Kalmus, J Ind Eng. 
Chom. 1914, 6, 107). 

P toper tiC6 — Cobalt is a brilliant silver- white 
metal, with a slight bluish cast It is the 
most magnetic metal after iron, and le tains its 
magnetism at Ingh tempeiatures ; above 1115° 
it passes into a non- magnetic variety. 

Pure cobalt is harder and more tenacious 
than iron, its breaking weight being about 
50 kilos per sq millimetre Valenciennes 
states that cobalt, after fusion and anneal- 
ing, may be rolled into spiral bands hko good 
iron (Compt. rend. 70, 007). Cobalt melts at 
1530° (Copaux), 1490° (Henning), 1478° (Kalmus 
& Harper), and boils at 2415°/30 mm. Its 
sp gr. IS 8 8, and hardness, 5*5. Its specific 
heat (20°-100°) is 0*104, specific resistance, 
5 5 ; and the temperature chefficient of resist- 
ance, 0 0055. According to Kalmus & Harper 
(J Ind. Eng. Chern 1915, 7, 6), pure cobalt 
prepared by reduction of cobalt oxide has 

8-7918 (unannealed), ®8-8106(annealed), 
8 9263 (swaged); mp. 1478±1-1‘’; 
tensile strength, cast and unannealod, 34,400 lb. 


per sq. in. ; annealed 30,980 lb. per sq. m ; 
and rolled, more than 100,000 lb. per sq. m. ; 
compressive strength, cast and unamiealcd, 
122,000 lb per sq. m , annealed, 117,200 lb. 
per sq. in. , electrical resistance 89 04 ohms 
per cm * , specific heat, from 0° to 890° 0*1068 
+0 0000457^+0 OOOOOOOOOi-J. The hardness of 
cast cobalt is considerably greater than that of 
either iron or nickel, bemg approximately 124 0 
(load 3500 lb ) The presence of from 0 00 to 
0 3 pc. of caibon in the metal inci oases the 
tensile and compressive strength, and the elec- 
trical lesistance, but has little effect on the 
hardness. Pure cobalt may bo machined m a 
lathe as readily as pure iron or nickel, but it 
IS somewhat brittle , cobalt contaimng a small 
quantity of caibon machmes like mild steel, 
and whilst pure cast cobalt cannot be rolled oi 
swaged without developing cracks, cobalt con- 
taimng carbon may be rolled or swaged down 
from cast bars to any extent provided that the 
metal is worked at a red heat (tUiem 8oc Abst 
1915, 11 99). It IS slowly soluble m hydro- 
chloric and sulphuiic acids, with evolution 
of hydrogen, quickly soluble m mtiic acid ; 
it IS not attacked by hot or cold alkali, but if 
usodj as anode in the electrolysis of alkaline 
electrolytes, passes into a colloidal solution of 
cobaltous oxide It exhibits also the pihsswe state, 
similar to that of iron and other metals, but the 
tendency to do so is slight Cobalt occludes 
from 60 to 150 times its own volume of hydrogen, 
the amount varying with the mechanical 
condition of the metal T’he powdered metal 
combines, when heated, with chloime, bromine, 
and iodine. It decomposes steam at a red heat, 
and, if finely divided, ignites when heated m 
oxides of nitrogen, and in a current of ammonia 
gas at 500° forms a nitiide C04N2 When 
finely divided cobalt is heated to 150°-200° in 
carbon monoxide at 100 atmos pi ess u re, orange* 
red crystals of lolxdt carbonyl Co(CO)4 are formed, 
melting at 51°, soluble in alcohol or ether, but 
insoluble in water, and decomposing above 
52°, yielding Co(CO)8 which further decomposes 
(Mond, Chem 80c Trans 1910, 798) (v. Cobalt 
Carbonyls) 

Cobalt may be deposited as a fine lustrous 
coating on metals by the electrolysis of a neutral 
solution of the double sulphate of cobalt and 
ammonium, using a cuirent of about 6 amperes 
per sq foot of cathode surface, and an anode 
of cobalt (A Gaiffe, Compt rend. 1878) The 
presence of ammonium chloride ajipeai’s to hinder, 
whilst ammonium sulphate assists, the deposition. 
The deposit of cobalt is haider, moie tenacious, 
and of greater beauty than that of nickel (Troost). 

(Eor the properties of cobalt contaimng other 
metals, v Alloys of cobalt ) 

Detection — All ores and compounds of cobalt 
impart a blue colour to a bead of borax on 
fusion ; if present in too great excess, the bead 
appears black. Heated on charcoal with reduc- 
ing flux, all substances containing cobalt produce 
metallic particles which are attracted by a mag- 
net (distinction from all other bodies except iron 
and mckel). 

Salts of cobalt, when strongly heated with 
alumina before the blowpipe, give a fine blue 
colour (Thonard’s blue) Sulphuretted hydrogen 
produces no precipitate in an acid solution, 
but gives a black precipitate of sulphide in 
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alkaline solutions, the precipitated sulphide 
being insoluble in dilute acids. In a solution 
containing free acetic acid, potassium nitrite 
reduces a yellow precipitate of potassium co- 
altimtrito K3Co(NO^)a , the whole of the cobalt 
being thus precipitated on standmg in a warm 
place for some time If a mmeral acid is present, 
it should first bo neutralised by potassium 
hydroxide. 

Potassium thiocyanate with cobalt salts gives 
a red colouration, and, on the addition of alcohol 
and ether, forms a deep blue ethereal layer. 

Cobalt IS also piecipitated as a red precipitate 
by the addition of a solution of nitroso-j8- 
naphthol to its alcoholic or acid solutions As 
nickel is not thus precipitated, this forms a 
useful means of sopaiation of the two metals, the 
sulphides being dissolved in aqua regia y evapo- 
rated to drynass, taken up with a bttlo water 
and hydrochloric acid, and precipitated as above 

Ef>hmahon — Ores containing cobalt are 
usually very complex; they almost invariably 
contain nickel and many other metals from 
which the separation is difficult The following 
scheme will serve for the estimation of both cobalt 
and nickel m any mineral, though in the case 
of certain ores it may be somewhat simplified. 

From 2 to 7 grams of the finely ground 
ore are loasted in a porcelam crucible m a 
muffle. The residue is noilcd with hydrochloric 
acid containing a httle nitric acid until the metal- 
lic oxides are aLSSolved ; the solution is diluted, 
nearly neutralised with ammonia, and boiled with 
sodium acetate solution, whereby the iron and 
aluminium are precipitated as acetates contain- 
ing the greater part of the arsemc (as arsenate of 
iron) and a little nickel and cobalt The solution 
IS filtered, and the precipitate rodiasolved in hy- 
drochloric acid and roprecipitated as before, the 
precipitate being this time free fiom mckel and 
cobalt The two filtrates arc mixed, ]ust neu- 
tralised with ammonia, and treated with sul- 
phuretted hydrogen gas ; cobalt, nickel, zinc, 
copper, bismuth, &c , aio thus piecipitated as sul- 
phides, leaving the manganese and the alkaline 
and earthy metals in solution. The precipitate 
is filtered, washed, dried, and roasted, the oxides 
so produced dissolved in hydiochloric acid, and 
treated with sulphuretted hydrogen , the copper, 
bismuth, lead, &c , are thus precipitated and fil- 
tered off. 

The solution is boiled till free from sul- 
phuretted hydrogen, and the two metals co- 
precipitated by the addition of potash to the 
boiling solution ; the precipitate is filtered and 
washed, nearly dried, and separated as far as 
possible from the filter. The precipitate is di- 
gested m a dish with ddute hydrocyamc acid, 
then with potash solution, and agam with hydro- 
cyanic acid, and warmed until no further solution 
occurs A minute quantity of residue is left, 
consisting of paracyanogen and a small quantity 
of the oxides of nickel and cobalt , it is added 
to that still remaining on the filter paper, and 
the whole washed, dried, heated, and weighed. 

The solution containing the two metals is 
boiled to expel the excess of acid, and consists 
of cobalticyamde of potash and double cyamde 
of mckel and potash. Precipitated yellow mer- 
cunc oxide is added, and the solution boiled for 
some time The nickel is thus precipitated, 
partly a.s cyanide and partly as sesqmoxide. It 


IS filtered, washed, dried, heated, and weighed 
as mckel protoxide NiO. The filtrate is nearly 
neutralised with mtric acid, and a iSeutral solu- 
tion of mercurous nitrate added in excess. The 
cobalt IS thus precipitated as mercury cobalti- 
cyamde, which IS washed, dried, and heated in 
an open crucible until of constant weight. The 
product consists of C03O4. 

From the proportions of cobalt and mckel 
thus found, the amount of each in the residue 
on the filter paper, &c., which has been weighed 
may be calculated, and added to the amounts 
directly determined. 

In other methods, the copper, &c , are first 
precipitated by sulphuretted hydrogen, non by 
ammonia, and the mckel and cobalt precipitated 
as sulphides. The sulphides are redissolved, 
and in (1) the total mckel and cobalt estimated 
by clcctro-deposition , in (2) the cobalt is first 
precipitated and the nickel alone determined. 

The cobalt in the above solution may also be 
dotermmed by precipitation as potassium cobalti- 
mtnte, dissolving the precipitate in warm dilute 
sulphuric acid, evaporatmg nearly to dryness, 
ana electrolysmg after addition of ammonium 
oxalate and excess of ammonium carbonate 
(Copaux, Bull Soc chim 111 29, 301) 

The solution containing the sulphides of 
nickel and cobalt may also bo estimated after 
freeing from excess of acid by boiling with 
banum carbonate, and adding excess of bromine 
water After 10 minutes tlie cobalt is com- 
pletely separated as scsquioxide (Taylor, Proc. 
Man Phil Soc 46, 1). 

Various volumetric methods have been 
suggested, but none appears to be perfectly 
satisfactory. 

Alloys of Cobalt. Cobalt unites with incan- 
descence on fusion with antmony or arsemc^ 
forming brittle iron-grey alloys. 

With arstrnc the freezing-point curve indi- 
cates the existence of compounds, Co.As^ ; 
CogAs , and CogAs^. Smaltine CoAsg lorms 
tm- white octahedra , and skuttmidiie Co As 3 
occurs as greyish-whito octahedra The arsenides 
are attacked by oxidising agents, and all contain- 
ing over 38 p.c arsemc are non -magnetic. 

Antimony and cobalt are comidetely miscible 
m the liquid state Three classes of alloys 
exist : magnetic allovs with less than 67 p c. 
antimony ; alloys of from 67 to 80 27 pc, 
which on heating form CoSb ; and alloys above 
80 27 pc, which by acids yield a compound, 
CoSbg, as a grey crystalline powder (Ducelliez, 
Compt rend. 147, 1048) 

! Cobalt has a marked effect on the electrical 
properties of copper ; 3 5 p c. gives an alloy 
with a temperature coefficient of the resistance 
of only 0 00077. Two senes of mixed crystals 
appear to exist, 0-10 p.c , and 96-100 p c 
copper, and alloys withm these limits consist of 
conglomerates 01 the two sets of mixed crystals 
Some of the alloys are very ductile. As in 
many of the cobalt alloys at high temperatures, 
the cobalt is pre-sent as a non-magnetic form {$), 
which changes to the magnetic (a) form on 
cooling. Alloys containing 99 p.c of copper 
are stated to be magnetic (Sahmen, Zeitsch 
anorg Chem 67, 1). 

Tin and cobalt are perfectly miscible as 
liquids, and, accordmg to DuceUiez (Compt. 
rend. 148, 6^), all alloys are mixtures of CoSn 
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and CojSna with one another, or with cither of 
the components. Below 67 6 p.c tm, the alloys 
are magnd’tic and brittle ; above 66*8 p c tm, the 
alloys are less brittle and non-niagnetic ; all are 
much harder than either component. A com- 
pound Oo^Sn of m p 1151° has also been described 

With ffolcl a brittle alloy is produced, that 
containmg 1 part gold and 17 parts cobalt is 
dark-yellow and very brittle , all the alloys are 
magnetic. With jiatinum a fusible alloy is 
produced , and a silver- white magnetic amalgam 
with mercury is used m dentistry. 

Alloys with aluminium containmg less than 
68 5 p.c. cobalt are non-magnetic, the freezmg- 
pomt curve indicates a compound CoAl. Cobalt 
and mckel do not appear to form a compound , 
the freezing-point curve is almost straight, 
the composition of the solid being almost 
identical with that of the liquid in all cases 

Addition of iron has no appreciable edcct on 
the melting-point of cobalt, the curve being 
almost horizontal to 6 p c. cobalt, the crystals 
having the same composition as the fused mass. 
Two senes of non-magnetic, which tiansform 
into four series of magnetic crystals, appear to 
exist (Tammann, Zeitsch anorg. Chem 45, 205) 
Steels containing up to 60 pc cobalt show 
perhtic structiiiG, and the mechanical properties 
are only slightly affected by the cobalt. 

Leadi silver ^ or bismuth are only partially 
miscible with cobalt when molten, and no dehnite j 
alloys aippear to be formed. I 

With silicon m the electiie furnace, steel-grey | 
metallic-looking silicides are formed, CogSi and 
CoSii. Both are stable and hard, and attacked 
by hydrofluoric acid and aqua regia. A very 
hard magnetic bonde is prepared in a similar 
manner; and by the action of phosphorus on 
cobalt chloride at a low red heat a hard brittle 
phosphide, Co^Fg, not affected by heat or acids, 

IS produced. 

It IS possible to combine cobalt or nickel 
with manganese with the production of valuable 
alloys. For this purpose commercial man- 
ganese or ferro- manganese may be used, the 
presence of iron not being mjuiious From 2 
to 5 p c. of the manganese is added in small 
portions to the molten metal , much gas is 
evolved after each addition, and the metal is 
poured into moulds when tranquil {v Hunting- 
don, J. Soc Chem. Ind 1882, 258) 

It IS stated that when in the molten condi- 
tion cobalt and nickel take up both caibon and 
oxygen, but evolve the greater part of the latter 
substance on coohng, leaving a porous metal 
contaimng caibon A method has been patented 
whereby this carbon is said to be eliminated. 
The porous cubes of metal are immersed m a 
4 p.c solution of alkaline manganate or per- 
manganate, dried and melted in a crucible at a 
high temperature The carbon is said to be 
thus oxidised and removed, and the metal takes j 
up a small quantity of oxygen As soon as the | 
metal flows easily, a little black flux and charcoal, 
or a small quantity of aluminium, or the calcium 
zinc produced in Caron’s process, is added, and 
the oxygen thus removed (Dingl. poly J. 1884, 
2^4-316). 

Oxide of cobalt is used for the preparation of 
the salts of cobalt and of smalt, and by ena- 
mellers and porcelain manufacturers for the 
production of the finest blue glaze and colour on 


porcelain, glass, and other vitrifiable substances. 
The presence of this substance imparts 

a bluish tinge to clear glass. 

The presence of other oxides has an injuiious 
effect on the colour produced by this substance 
{v Smalt ) , it IS therefore necessary, for the more 
dehcate work, to ensure its complete fieedom 
from such impurities. 

I When heated strongly with magnesia, it pio- 
' duces a pink mass , with alumina, a hne blue 
I (Thenard’s blue) ; and with zinc oxide, a green 
(Rmmann’s green) Zafjre consists of a very 
, iinpuie oxide of cobalt, produced byroastmg the 
I ore. It is usually mixed with 2 or 3 parts of 
fine sand or ground quaitz, and is used for the 
! same purpose as smalt for the coarser woik. 

Cobalt blue. Cobalt ultramarine, Thenard’s 
blue, Azure blue. The composition of this 
pigment vanes considerably, according to the 
method of manufacture It consists sometimes 
' of the oxidt^ of cobalt and aluminium , at othei 
j times it contains phosphate or arsenate of cobalt 
I It may bo prepaied by fust precipitating a 
I solution of a cobalt salt, usually the nitrate, free 
I from iron and nickel, with potassium or sodium 
j phosphate, or with sodium arsenate The 
! gelatmous violet precipitate is thoroughly 
[ washed and well mixed with 3~5 volumes of 
freshly precipitated, well- washed alumina (when 
cobalt arsenate is employed, a huger propor- 
tion of alumina may be added), precipitated from 
a solution of alum free from iron by the addition 
of sodium caibonate The mixtuie is dried 
until it becomes brittle, and calcined at a cherry- 
red heat for 30 minutes in a well- covered clay 
crucible When the de-sired blue colour has 
been developed, the mass is ground with water 
and dried In order to pi event the possibility 
of entrance of reducing gases, which much 
injure the value of the product, Regnault recom- 
mended the addition of a little mticuiic oxide 
before the igmtion This becomes decomposed 
and evolves oxygon, which effectually prevents 
reduction, while the mercury escapes as vapour 
(Regnault, Cours Elem de (Uiimic, 3, 150) 

A similar but less hne colour is produced 
by the simultaneous precipitation of the oxides 
of cobalt and alumimum by the addition of 
sodium carbonate to a mixture of cobalt mtrate 
and alum , the mixed precipitate is washed and 
treated as above 

According to the process lecommended by 
Binder (Technologiste, 5, 55), the oxide of 
cobalt IS precipitated by the addition of the 
requisite quantity of ammoma to a solution of 
puie cobalt chloride The wa-shed precipitate 
is mixed with alumina as befoie, dried, and cal- 
cined at a red heat in a clay crucible for two houm 

According to Hedvall the fusion of cobaltous 
oxide and alumina is best made in presence of 
i potassium chloride as a flux When the cobalt 
* oxide is in excess the resulting product can bo 
obtained pure by treatment with water to 
remove the flux and with hydrochloric acid to 
remove the excess of cobalt oxide At 1100° 
the blue alummate CoO-Al 203 is formed, at 
temperatures above 1100° a green aluminaie 
4CoO,3AJsjOg is produced. McEachem has 
pointed out that alumina and cobalt oxide 
alone do not produce a satisfactory colour, but 
that additions of sodium or magnesium salts 
greatly improve it. Wagner and Vanino found 
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that cobalt sulphate could be used instead of 
phosphate, and that the alumina was most 
suitably introduced as ammonium-alum To 
26 pts. of alum were added 2 5 to 5 pts cobalt 
sulphate, 0 3 pt. magnesium or zmo sulphate ; 
the mixture is molted in its water of crystallisa- 
tion and constantly stared until dry, when it is 
heated to the required temperature (Vanino, 
Chem Zeit 1911,35,497). 

Thonard’s blue is of a fine ultramarine 
colour ; the presence of excess of cobalt imparts 
a somewhat greenish tinge. It has, however, 
the disadvantage of appearing violet by gaslight 
It IS one of the most permanent blue pigments, 
being unaltered by acids or alkalis, and is largely 
used as an oil and water colour, but works 
better as water colour It is non-poisonous, 
and has the advantage of miscibility with other 
pigments without alteration. 

COBruleum, Ccehne, Bleu cele^tet is a coi re- 
sponding colour containing oxide of tin and 
usually calcium sulphate Its general composi- 
tion LS said to be oxide of tin, 49 bb ; oxide of 
cobalt, 18*66 ; calcium sulphate and silica, 31 *68 , 
and a pigment of this nature is obtained by 
precipitating a solution of cobalt nitrate with 
sodium stannate, and heatmg the precipitate as 
above. 

It is a fine light- blue pigment of slightly 
greenish tinge, of greater density than Thenard’s 
We, and retains its colour m aitifieial light 

New blue. A blue pigment of shade varying 
fiom a pale -greenish blue to a deep-tuiquoisc 
blue, largely used for enamels, consists of 
alummates of cobalt and chromium produced by 
the action of alum on carbonates and hy dioxides 
of cobalt and chromium 

Cobalt green, Bimuaun’s giccn The con- 
stitution of this pigment corresponds with that 
of Thenard’s blue, with the substitution of zinc 
oxide for alumina 

It may bo prepared by mixing a solution of 
pure cobalt sulphate (oi nitiatc) into a paste 
with zinc oxide, and heating in a muffle furnace I 
for 3 or 4 hours, until the desired colour is | 
obtained. Pigments of a moie unifoim nature 
are pioduced by the precipitation of a mixtuie 
of solutions of zinc and cobalt salts, by means 
of sodium carbonate, phosphate, or ai’senate, 
drying and heating the precipitate The phos- 
phate is said to give a purer and brighter green 
than the carbonate 

R. Wagner (Technologiste, 18, 409) gives the 
composition of fine green pigments as varying 
from 71*68 p.c. zinc oxide and 11*62 pc. 
cobalt oxide, to 88 04 p.c zinc oxide and 11 52 
p c cobalt oxide, the quantity of phosphoric 
oxide also varying greatly 

According to Hedvall ( Arkw Kem Min Gcol 
1913, 5, No. 6, 1), Rmmann’s green is not a 
definite substance, but rather a series of solid 
solutions of its component oxides in isodimorphic 
crystals. 

Rmmann’s green is a fine permanent pig- 
ment ; its colour vanes through many shades, 
according to the proportion of zinc present, the 
darker greens contaimng less of that substance 
It is non-poisonous and unacted upon by dilute 
acids or alkalis, but is attacked by ammoma. 
It has also the advantage of not affectmg or 
being unaffected by other pigments. Rin- 
mann’s green, on account of its mgh price, and 


the number of other permanent greens, finds 
little use as a pigment Another permanent 
green pigment used in porcelain pamtmg is said 
to be prepared by the calcination of a dried mix- 
ture of the followmg proportions of the freshly 
precipitated substances ; 20 cobalt carbonate, 
40 alumina, 20 chromium oxide 

Cobalt bronze is a phosphate of cobalt and 
ammonia, of a violet colour, with a bronze-like 
metallic lustre 

Cobalt silicates. A cobalt silicate is produced 
by the addition of sodium silicate (soluble glass) 
to a cobalt salt It pioducos a blue pigment well 
suited foi painting on glass and jioicelam 

Smalt. Bleu, (Vazur, Bleu de Saxe This 
important substance consists of a silicate of cobalt 
and potash 

In the pieparation of smalt m Saxony, 
smaltme is principally used In Norway and 
Swedai the principal oie is cobaltme The 
geneial process is identical toi both oies. 

The selected oie is powdered, fieed from the 
lighter earthy impuiities by washing, and placed, 
in charges of about 3 cwt , in a layei of 5 or 6 
inches thick on the bed of a revei beratory fur- 
nace or in a muffle, it is then loasted, and the 
sulphur and arsenic expelled as oxides, the 
latter being condensed in cliambeis thiough 
whicli the fumes aie passed The roasting must 
bo discontinued when only sufflcient arsenic is 
left to combine with the less oxidisable metals, 
especially coppei and nickel, while the greater 
part of the cobalt is eonvoited into oxide In 
order to asccitain whethei the roasting has pro- 
ceeded sufficiently, a small poition is occasion- 
ally tested and the piocess stopped when the 
finest tinted glass is produced. The material 
IS then leady for fusion for ‘ smalt ’ 

The fluxes used consist of powdeied quartz 
and potassium carbonate They must be of great 
purity, as tlic presence of lime and many other 
substances impaii’s the beauty of the colour 
The quaitz is first heated to ledncss, plunged 
into watei, and, thus disintegrated, is pow- 
dered in a mill It is then suspended in water 
and allowed to subside foi a shoit time, and the 
liqmd, which contains most of the iron and 
other impuiities still suspended, is poured off ; 
this operation is repeated until a pure quartz 
powdei IS obtained 

Tho proportions of the ingredients used 
vary extremely according to the richness of the 
ore and the colour required The potassium car- 
bonate used generally amounts to about one-thnd 
of tho weight of ore and quartz together. White 
arsenic is usually added to oxidise any ferrous - 
salt, and thus prevent the injurious effect of 
that substance on the smalt, and to otherwise 
heighten the colour of tho product The exact 
amount of each of these substances is found by 
a test fusion and comparison with a smalt of the 
required colour 

The smalt furnace is similar to a glass oven ; 
it usually contains eight crucibles. The pots 
are of very refractory clay, free from lime, 
and capable of holding | cwt. When charged, 
they are strongly heated, and the mass fuses 
in about 8 hours ; it is frequently stirred to 
render it homogeneous, and to break the crust 
which forms on the surface. At a white heat 
combination occurs, the quartz and potash re- 
act with the production of fusible potassium 
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silicate, which dissolves the cobalt oxide, 
forming the blue ‘ smalt,’ while the mixed 
arsomdes of nickel, copper, and iron, with the 
small quantity of cobalt arsemde which is 
always present, fuse and form a brittle metallic- 
looking apeiss beneath the smalt. This usually 
contains about 3 p c. of cobalt and a considerable 
quantity of nickel, and is used for the prepara- 
tion of the latter substance and of cobalt oxide. 
The mass is left at a white heat for some time 
without stirring, to allow the speiss to settle, and 
is ladled out with long-handled iron ladles into 
vessels of cold water It is thus rendered 
granular, brittle, and easy to pulverise When 
neaiing the bottom of the crucible, the ladle 
contains both spoiss and smalt , the former, 
being much more fusible, is poured first from 
the ladle, from beneath the smalt, mto a niche 
in the side of the furnace, whence the dense 
fumes of amemc, &c., which it evolves pass up 
the chimney 

The blue glass is next powdered with granite 
stampers, or giound between granite millstones 
under water, and the product passed thiough a 
series of depositing vats. In the fimt vat it 
remains for a short time only, thence it passes 
to a second for a somewhat longer time, to a 
third for about 15 minutes, to a fourth and 
fifth for a corresponding peiiod, and finally to a 
sixth vat, whore it is allowed to deposit com- 
pletely. The deposit m the first vat is returned 
to the mill and i e-ground, that m the second and 
third IS the best marketable smalt, whilst in the 
fourth and fifth vats a lighter-coloured deposit, 
sold under the name escAeZ, is produced The 
deposit in the last vat is not marketable, and is 
usually resmelted 

The maiketable deposits arc again washed, 
deposited, dried, powdered, and sifted About 
three-fifths of the ghuss taken from the pots is 
thus available The presence of other oxides 
than those of cobalt and potash, even m small 
quantitiC/S, exerts a powerful influence on the 
colour of the smalt Baryta pioduces an indigo 
tinge ; sodium, calcium, and magnesium pro- 
duce a reddish shade ; iron, a blackish green, 
very prejudicial to the brighter- coloured smalts ; 
manganese violet, nickel violet, but less intense , 
copper, zinc, bismuth, and antimony, dull 
shades. 

The composition of smalt vanes consider- 
ably ; the silica is usually fiom 56-70 p c. ; 
potash, 12-22 p c , and cobalt, 6-16 pc The 
following analyses by Ludwig (J pr Chem 1850, 
51, 129) are typical — 
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Noiwegian 

deep- 

coloured 

hiualt 

(lermau 

deep- 

coloured 

German 

pale 

coarse 

Silica 

70 86 

66-20 

72 

12 

Potash and soda 

21-41 

16-31 

20 

04 

Cobaltous oxide 

6-49 

6 75 

1 

95 

Alumina . 

0 43 

8 64 

1 

80 

Ferrous oxide . 

0 24 

1 36 

1 

40 

Arsemous acid . 

trace 

— 

0 

08 

Water and car- 





bonic acid 

0-57 

0 92 

0 

■46 


100 00 

101 18 

> 

97 

85 


Smalt IS a very permanent blue pigment, 
largely employed for the production of blue 
colours with vitreous substances and in painting, 
both for delicate and coarse work. It was 
formerly much used for colouring starch, paper, 
&c., but for this and many other purposes it is 
now almost superseded by the far less per- 
manent aitilicial iiltramaiine. 

Cobalt yellow consists of potassium cobalti- 
ni trite, prepared by the addition of potassium 
nitrite to a solution of a cobalt salt acidulated 
with acetic acid Its composition varies with 
the proportions used and the strength of the 
solution. Erdmann and 8adtler state that when 
piecipitated from a solution containing much 
acetic acid it consists of K 3 ('o(NO>)g with a 
variable amount of water 

Cobalt yellow is a bright yellow ciystalline 
powder, veiy free from impurities, unacted upon 
by cold water or cold acids, and but slowly 
blackened by sulphuretted hydrogen. 

It forms a fine pigment for artistic purposes. 
When u.scd for painting porcelain it produces the 
usual blue colour on baking, which, on account 
of the purity of the substanre, is of gieat beauty 

Salts of cobalt. The soluble salts of cobalt 
are prepared by solution of the oxide, cai bonate, 
or metal in the various acids 'rhey aie gem*- 
lally pink and deliquescent, foiming pink solu- 
tions when dilute, but when diied, or in con- 
centrated solution, they aie blue For this 
reason, solutions of nitiate and other salts of 
cobalt are used as sympathetic inks, sucdi writing 
being almost invisible until brought near a file, 
when the lettci’s appear blue They gradually 
reabsorb moisture and again become invisible 
They are largely used for neutralising the 
yellow colour of porcelain, and giving a pure 
white body, the porous clay being for this 
purpose soaked in solution of cobalt salts. 

When ammonia is added to a solution of a 
cobalt salt, oxygen is absorbed, giving rise under 
vaiioiis conditions to many complex scries of salts 
containing ammonia and diflerent oxides of cobalt. 

Cobaltous hydroxide is obtained by adding 
an alkali to a solution of a cobalt salt either as 
a blue or red piccipitate depending upon the 
proportion of alkali The red modification is 
more reactive than the blue compound they 
are regarded by Hantzsch as ‘ chromo-isomeiic ’ 
modifications (Zeitsch. anorg Chem. 1912, 73, 
304). 

Cobaltous chloride C 0 CI 2 is prepaied by dis- 
solving the oxide or carbonate in hydrochloric 
acid, and evaporating the solution Accoidmg 
to the temperature at which it crystallises, it may 
contain 6, 4, or 2 molecules of water of crystal- 
lisation, the latter at the higher temperatures. 

Cobaltous chloride is soluble in watci or 
alcohol A strong solution, or a weaker solution 
containing stiong hydrochloric acid, is of a blue 
colour 

Cobaltous sulphate CoS 04 , 7 Ha 0 is prepared 
by solution of the oxide or carbonate in dilute 
sulphuric acid It crystalkses m red crystals, 
isomorphous with magnesium sulphate, soluble 
in 24 parts of cold water. 

Cobaltous nitrate Co(N 03 ) 2 , 6 H 0 ls a red 
deliquescent crystallme salt prepared by dis- 
solving the oxide in nitric acid It is very 
soluble in water, the solution being used as a 
reagent m blowpipe analysis. 
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Combinations of cobalt, as resinate, oleate or 
Imoleate, tungate, oleo-resinate and rosmo- 
tungate, arc employed as driers. {See Krauss, 8th 
lut. Cong Appl. Chem. 1912, 12, 127 ; Joum. 
Soc Chem Ind 1912, 31, 938.) 

Cobalt Carbonyls. Cobalt forms two car- 
bonyls the tetracarbonyl Co^(CO)8, and the 
tncarbonyl Co{CO) 3 . 

Cobalt tetracarbonyl. This compound is 
prepared as follows . cobalt oxalate is care- 
fully heated until completely converted into the 
ovido It IS then washed free from traces 
of chlorides which hmder the formation of 
the carbonyl, and dried at 120°. The oxide 
IS placed in the apparatus dcsciibed under 
‘ carbonyls,’ and reduced to cobalt by means of 
hydrogen, at a temperature of 300° and a pres 
sure of 5 atmospheres After the reduction, the 
hydrogen is displaced by carbon monoxide, the 
pressuie being mereased and the temperature 
lowered For the production of the carbonyl, 
a mimmum pressure of 10 atmospheres and a 
tempeiature of 150° is needed, ami at pressures 
up to 250 atmospheres and tcmpeiatures beti^een 
150° and 250°, varying quantities of the carbonyl 
are collected in a tube attached to the outlet 
of the apparatus, and immersed in a freezing 
mixture. 

The tetracarbonyl forms orange-coloured 
crystals of sp gr 1‘73, which melt at 51°, and 
decompose above that temperature. 

The molecular formula is Co 2 (CO)s The 
compound is insoluble m water, but is soluble 
in most organic solvents, and in mckcl tetra- 
carbonyl It IS not attacked by aqueous acids 
but concentrated acids and the halogens decom- 
pose it, forming the corresponding salt, carbon 
monoxide, and hydrogen 

Oo(00)4+H2S04=CoS04+4CO+H2 

In contact with air a deep violet-coloured 
compound is formed, which is most probably a 
hydrated basic carbonate The crystals are 
best preserved m a sealed tube m an atmo- 
sphere of hydrogen or caibon monoxide. 

When the tetracarbonyl is heated at 50°, 
one quarter of the carbon monoxide is evolved at 
a regularly decreasing rate, leavmg a compound 
having the formula Co(CO }3 in the form of black 
cobalt and carbon monoxide, no intermediate 
product being formed 

When the tctiacarbonyl is heated at 100°, 
one quarter of the carbon monoxide is evolved 
almost instantaneoiLsly, the rest coming off very 
irregularly and comparatively slowly (Mond, 
Hirtz, and Oowap, Chem Soc Trans. 1910, 
97, 798) 

COBALT BLOOM. Erythnie , Hydrated co- 
bedt arsenate {v Oobalt). 

COBALT BLUE or THENARD’S BLUE v. 

Cobalt. 

COBALT BRONZE v. Cobalt. 

COBALT GLANCE. Sidpharsemde of cobalt 
{v Cobaltine) 

COBALT GREEN or RINMANN’S GREEN 

V . Cobalt. 

COBALT PYRITES v. Cobalt. 

COBALT SPEISS v. Cobalt. 

COBALT ULTRAMARINE or COBALT BLUE 

V . Cobalt 

COBALT YELLOW v Cobalt. 

COBALTITE (or Cobalt-glance). Sulpharsenide 


of cobalt, CoAsS, containing Co 25-36 p.c. with 
Fe 2-6 p.c It frequently occurs as well- 
developed crystals, fine specimens commg from 
Tunaberg and Hdkansboda in Sweden and 
Skutterud m Norway ; these are cubic with 
parallel hemihedrism and with the same 
characteristic form as crystals of the isomorphous 
mineral iron-pyntes. Gianular and compact 
masses also occur The colour is tm-whito with 
a reddish tinge and a brilliant metallic lustre ; 
the streak is greyish -black Sp gr. 6 2, hardness 
5^ A bed of pure cobaltite averaging 0*2 metro 
in thickness occurs at Lashkessan, govt Tiflis, 
Caucasus In the Cobalt aica of Ontario massive 
cobaltite and small crystals are piesent with the 
more abundant smaltite Under the name 
se/ita the mineral, found at Kheiti m Kajputana, 
IS used by the Indian jewellers for producing 
a blue enamel on gold and silver. L J S 
COCAINE AND THE COCA ALKALOIDS. 
The coca leaves of commerce are derived from 
Erylhroxylon coca (Lam ) (Bolivian or Huanueo), 
E coca var novograiialense (Morris) and E 
truxiUense (Rushy) (Peruvian or Truxillo coca). 

Coca was introduced into Ceylon in 1870, and 
later into India, but whilst production in Ceylon 
attained considerable proportions, the Indian 
supply was never of commercial importance 
Subsequently, cultivation was taken up in 
Java whore, after considerable initial dilh- 
culties, production attained large proportions 
constituting about 46 p c of the world’s supply, 
the lemamder being produced m South America, 
Cultivation was stopped in Ceylon in 1916 by 
order of the Government 

Coca leaves contain alkaloids of four types : — 

1 Cocaines ; alkyl acyl deiivatives oi eego- 

nme. 

2 Acvlecgonine^ , acyl derivatives of cego- 
mne 

3 il/-tropeines, acyl derivatives of \//-ti opine 

4 Hygnnes 

The first and second types can be used as 
commercial sources of cocaine, since on hydrolysis 
they yield ecgonme which by benzoylation and 
mothylation yields cocaine ’fhe coca leaves 
derived from South Ameiica contain up to 
I p c of ether-soluble alkaloids (mostly cocaine), 
whilst Java leaves contain up to 1 5 p c , or 
sometimes more ether-soluble alkaloid of which 
little or none is cocaine 

Estimation of total alkaloids in coca leaves . — 
The following piocess is given in the United 
States Pharmacopoeia, 8th ed. . 10-grms. of coca 
leaves m No 00 powder are mixed with 60 c.c. 
of a mixture of chloroform 1 vol , ether 4 vole., 
in a stoppered Erlenmoyer flask and set aside 
during 10 mins. Two c c of ammoma solution, 
diluted with 3 c c. of water, are then added, and 
the flask shaken at intervals durmg 1 hour. A 
small glass percolator with the lower end ob- 
structed by a wad of cotton wool is then placed 
in the neck of a separating funnel contaimng 
6 c c of N-sulphuric acid, diluted with 20 c c. 
of water, and the contents of the flask poured 
into the percolator. When all the liquid has 
passed, the contents of the percolator are packed 
in firmly by means of a glass rod, and then the 
flask is rinsed out with 10 c.c. of the chloroform- 
ether mixture, followed by several successive 
washings with 6 c c. quantities of the same 
mixture, thb percolation being continued with 
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this liquid until 50 c.c. have been used m all. 
The separator is now shaken dunng one minute, 
the acid liquid drawn off, and the extraction 
repeated twice, usmg each time 10 c c. of acid 
(6 c c. N-acid with 20 c c. of water) ; the com- 
bined acid hquors are made distinctly alkaline 
with ammonia solution and the alkaloids ex- 
tracted with successive portions of ether (25, 
20 and 16 c c ). The ether is allowed to evapo- 
rate spontaneously, and the residue dissolved in 
4 c c. of N/10 sulphuric acid, and the excess of 
acid determmed by N/60 potassium hydroxide 
using cochineal or lodeosin as mdicator. This 
process givesthe amount of ether-soluble alkaloids 
m the drug. No satisfactory process is yet 
available for the estimation of cocaine in the 
‘ total alkaloids ’ 

Estimation of Ecgonine in total atkaloich , — 
The total alkaloids from 15-grm. of leaves are 
boiled for 1 hour with 30 times their weight of 
dilute hydroehloric acid , the mixture is cooled, 
extracted with ether, evaporated to dryness and 
the residual oegoriino hydrochloride weighed 
(Greshoff, Pharm Weekb 1007, 44, 961) 

Cocaine Ci 7 H,| 04 N occurs to a variable 
extent in the different varieties of coca leaves 
(see above) 

Preparation — ^Tho coca leaves are exhausted 
by maceration and agitation with a mixture of 
aqueous sodium carbonate and petroleum, 
whereby the cocaine with cinnamyl cocaine^ &g , 
passes into solution m the petroleum The 
latter is shaken with dilute hydrochloric acid, 
when cocaine hydrochloride crystallises out 
and is collected, pressed and dried. This crude 
salt is purified by solution in water, liberation 
of the free base by ammonia, and solution of 
this m alcoholic hydrogen chloride, when the 
hydrochloride crystallises out. The mother- 
liquors contain the other coca alkaloids If 
Java coca leaves are used, the coca alkaloids 
other than cocaine alone are obtained, and these 
and the residual coca alkaloids referred to above 
are converted into cocaine by heating with boil- 
ing hydrochloric acid and pouiing into water, 
when truxillic and cinnamic acids separate and 
may bo filtered off The filtrate is concentrated 
until eegonine hydrochloride crystallises out 
The eegonme is recovered and then benzoylated 
and methylated in turn to produce cocaine 

The crude cocaine manufactured m Peru 
and imported to Europe for the preparation 
of cocaine salts is obtained by extracting the 
leaves with 0 5 p c sulphuiic acid, making the 
filtrate alkaline with sodium carbonate and 
extracting with petroleum The latter is again 
shaken out with dilute sulphuric acid and the 
crude alkaloid precipitated from this as a white, 
bulky powder by sodium carbonate The 
powder is washed with water and dried by ex- 
posure to air for export 

Propertie.9 — Monoclinic prisms, m j) 98° ; 
at higher temperatures it sublimes with de- 
composition. Lffivorotatory [ aln — 15 8 °; 
slightly soluble in cold water, more soluble in 
hot water, by which it is slowly hydrolysed. 
Soluble in alcohol, ether, benzene, light or heavy 
petroleum, or carbon disulphide. The aqueous 
solution IS alkaline to htmus, has a bitter taste 
and produces a tingling and numbness of the 
tongue and lips, or, more generally, local 
an»Btheeia of the surface to whichfit te applied. 


On this account it is largely employed m minor 
surgical operations, although in recent years 
it has been replaced to some extent by synthe- 
tically prepared anaBSthctics, such as benzamine 
(jS-eucame), stovaine, novocamo, &c Tlio 
alkaloid also causes dilatation of the pupil of the 
eye, but is not so powerfully mydnatic as some 
of the solanaccous alkaloids. When admims- 
tered internally in small doses it acts as a 
stimulant, and diminishes the feeling of fatigue 
consequent on muscular exertion Coca lea\es 
have long been known to possess this propel ty, 
and in places where the plant is abundant, a 
mixture of lime and coca leaves is chewed by 
the natives before engaging in severe oxeition. 
Larger doses of the alkaloid are poisonous 

The ordinary salts of cocaine are crystalline. 
The hydrochloride, which is the salt used in 
medicme, forms white micaceous scales, possess- 
ing a characteristic lustre, or as white needles, 
readily soluble m water The ch ornate B 11 'i (> 4 , 
H^O IS thrown down, as a pale-yellow precipi- 
tate when potassium chromate is added to an 
acid solution of the hydrochloride This salt is 
very slightly soluble m cold water, m p 127° 
The aimchloride B HAuCl^ is crystalline and 
spaiingly soluble in watei When aejueous 
mercuric chloride is mixed witli a solution of 
cocaine hydrochloride a bulky precipitate of the 
mere uri chloride B HC'l Hg(d^ 21420 is formed 
This salt may be crystallised fiom alcohol, m p. 
124° 

d-Oocaine, m p. 40°, was obtained by Lieber- 
mann and Giesel (Ber. 1890, 23, 508, 926) from 
coca leaves, but was piobably foimed by the 
racemisation of 1 -cocaine by the action of 
alkalis , it has been synthesised from d-ecgoninc 
dZ-('ocaino, m p 80°, was prepared from c//- 
ecgonine by Willstatter and Bode (xhid 1901, 
34, 14.57) 

Detection — In isolating cocaine, the aqueous 
solution should not bo heated for any length 
of time, and not at all in the presence of acids 
or alkalis For the liberation of the alkaloid 
from its salts, ammonia, and not caustic alkalis, 
should be employed Cocaine may be detected 
by its characteristic action on the tongue (see 
above) The following reactions are useful for 
the detection of the alkaloid : One c c of a 3 p c 
solution of potassium permanganate gives a 
violet precipitate with 0 01 gtm of the hydro- 
chloiide dissolved m two drops of water (Chem 
Zeit 1886, 10, 71; Amer J Pharm 1911, 83, 
195-201, 265-268). The hydrochloride heated 
with alcoholic potash gives off an odour of 
methyl benzoate When moistened with mtric 
acid, the mixture evaporated to dryness and 
alcoholic potassium hydroxide added, a charac- 
teristic peppcrmmt odour is produced. 

The most important criteria of purity of 
cocaine hydrochloride are the m p , the per- 
manganate test, and the ammoma test 

The ra p. of cocaine hydrochloride vanes 
with the rate of lieating. When inserted into 
a bath previously heated to 195° and the tem- 
perature then slowly raised, it melts at 201 °- 
202° ; when 3 drops of N/10 solution of potas- 
sium permanganate are added to 0‘1 grm. of 
cocaine hydrochlonde in 6 c.c. of water contain- 
ing 3 drops of dilute sulphuric acid a purple colour 
is produced, which should show no diminution 
in shade in half an hour. If 0*1 grm. is dissolved 
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m 100 c.o. of water, 0 25 c.c. solution of 
ammonia added and the mixture set aside 
15 mmutes, the aide of the beaker being occasion- 
ally gently rubbed with a glass rod, a crystallme 
deposit should be formed leaving the supernatant 
liquid clear (limit of amorphous alkaloids). 

Reactions and Gomtit'ution — Cocaine exhibits 
most of the general reactions of the vegetable 
alkaloids When boiled with water it is gradu- 
ally hydrolysed into methyl alcohol and 1- 
benzoylecgonine {see below) 

G,7H2i04N+H20=Ci6Hi804N+CH30H 

(Paul, Pharm J. 1887-1888 [m ] 18, 781; 
Einhorn, Ber. 1888, 21, 47), and the same change 
gradually occurs if the alkaloid remains in 
contact with an alkaline liquid With alkalis 
or mineral acids methyl alcohol and benzoylecgo- 
mno are first formed, but the latter undergoes 
further hydrolysis into benzoic acid and 1-ecgo- 
nine (see below) 

C,7Hn04N+2ir20 

=CH,0H-f-C7Hfl0,+C«Hi303N 
Natural cocaine is therefore mcthylbenzoyl- 
1 -ccgomno 

l-Ecgonine O9H15O3N This base does not 
occur flbs such in coca leaves, but is the ultimate 
basic pioduct of hydrolysis of cocaine, cinnamyl- 
cocaino, the truxillines and benzoylecgonme 
ft crystallises from dry alcohol m monoclmic 
prisms with 1H,0, mp 140°, or 198°-199° 
(anliydrous ) ; laevorotatory It is readily 
esterified by alcohols yielding a senes of alkyl 
esters, and by acid chlorides or anhydndes, 
giving the acylecgonmcs from which the corre- 
sponding ‘ cocaines ’ are obtained by alkylation 
Eegomno is now known, pnncipally as the 
result of the researches of Einhom, Liebormann, 
Willstatter and their collaborators (see below), 
to bo closely related to tropino, the ultimate 
basic hydrolytic product of atropine and 
hyoscyamme, and may bo regarded as tiopino- 
)3-carboxylic acid Eegomno and its most im- 
poitant derivative I -cocaine may be represented 
by the following formula ‘ . — 

CH2— CH— Oil CO2H CH2— CH— CH C02Me 

II II 

NMe CH OH NMo OBz 

II II 

CH2— CH— CH2 ^ CH2— CH— CH2 

Ecgoiiine Cocaine 

Some of the chief papers bearing on the con- 
stitution of eegomno are ; Einhorn, Bor 1889, 
22, 399 , 1890, 23, 1338 ; 1893, 26, 324 ; 1894, 
27, 2823 ; Annalen, 1894, 280, 96 ; Liebormann, 
Bor 1890,23,2518; 1891,24,606; Willstatter, 
ibid 1897, 30, 702 , 1898, 31, 1546, 2500, 2655 , 
1901, 34, 519 ; Annalen 1903, 326, 79. 

1-BenzoyIecgonine Ci4Hi904N is the first 
product of the hydrolysis of cocaine ; it occurs 
in coca leaves from which it was isolated almost 
simultaneously" by Skiaup (Monatsh 1885, 6, 
656), and by Merck (Ber. 1865, 18, 1594). The 
base crystallises from water in needles, m p 
86° (annydrous 195°), and is hydrolysed by 
hydrochloric acid to benzoic acid and eegonine. 
On methylation it furnishes cocaine. 

1 Cinnamylcocaine C19H23O4N. This alka- 
loid IS now known to^Dccur in all varieties of coca 
leaves, but is found in largest proportion in the 
Java leaves, whence it was isolated by Giesel 


(Pharm. Zeit. 1889, 34, 516). It forms needles, 
m.p. 121°, from benzene on addition of light 
petroleum Lsevorotatory. On hydrolysis it 
furnishes cinnamic acid, methyl alcohol, and 
1 -eegomno, and is therefore methylcinnamyl-1- 
ecgonine The d-isomeride has been prepared 
(Einhom and Deckers, Ber. 1891, 24, 7) 

Truxillines C39H43O3N2. Two of these, a- and 
occur in coca leaves , the former is methyl- 
a-truxillyl-l-ecgonine, and the second the 
corresponding ^-truxillyl compound (Hesse, 
Pharm. Zeit 1887, 32, 407, 668 ; Liebermann, 
Ber. 1888, 21, 2342 ; 1889, 22, 130, 680) They 
are amorphous, and, according to von Liebreich, 
are heai*t poisons, and exert no local ansesthetic 
action 

Tropacocaine (Benzoyl ;|/-Tropeine) CigHj^ON 
was isolated by Giesel (Ber 1891, 24, 2336) 
from Java coca leaves It crystallises from 
ether, has m p 49°, is optically inactive, 
distils unchanged The salts are crystallme, 
the hydrochlonde melting at 283° and the 
aunchlonde at 208° On hydrolysis tropaco- 
caine furnishes benzoic acid and i//-tropme, 
and it may be prepared synthetically by the 
benzoylation of v^-tropme (Liebermann, ibid 
1891, 24, 2336, 2587 , 1892, 25, 927) , the latter 
is a physical isomcnde of tropino, and has been 
synthesised by Willstatter (Bor 1896, 29, 936 ; 
1901, 34, 129, 3163), who assigns to it the 
same structural formula as to tropine, and 
states that since tropine and pseudotropme are 
optically inactive the isomerism appears to bo 
of the cis-trans type, a view subsequently con- 
firmed by Barrowcliff and Tutm (Chom Soc 
Trans 1909, 95, 1970) Tropacocaine, hko the 
pseudotropemes as a class, is almost devoid of 
mydriatic action, but like cocaine is a local 
anaesthetic, though the effect is more transitory 
Hygrines. — These secondary alkaloids were 
discovered by Lessen in Peruvian coca leaves 
(Annalen, 1862, 121, 374 ; 1865, 133, 352), and 
investigated by Liebermann and collaborators 
(Bor 1889, 22, 675 ; 1891, 24, 407 , 1893, 26, 
851 ; 1895, 28, 578 ; 1896, 29, 2050 ; 1897, 30, 
1113), who showed that Lossen’s supposed 
homogeneous material contained two liquid 
alkaloids, one boiling at 193°- 195° and having 
the formula CaH^gON, which makes it isomenc 
with tropine, and a second haiung the com- 
position Cj 4H240N2, b p. 216°, under 50 mm. 
pressure The low boiling alkaloid is that now 
known as hygnne Willstatter and Ettlmger’s 
synthesis of hygrime acid shows that hygnne 
probably has the following constitution (Annalen, 
1903, 326, 91) 


CHa CHa 

MeN< I 

^CH(CH2 CO Me) CH2 

From ‘ CUSCO ’ leaves Liebermann and Cybulski 
isolated a third substance of this type, viz. 
cmcohygrine Ci,H240N2, b p. 186° under 32 mm. 
pressure, which forms a crystalline hydrate 
B,3|H20, m p 40°. It probably has the con- 
stitution (L a C , Ber. 1895, 28, 678)— 

CHa— CHg. /CHa— CHa 

1 >CH CHa CO-CHa CH< } 

CHa-NMe^ \NMe-CHa 


s. s. 

COCAETHYTIN, Trade name for the ethyl 
ester of bonzoyloegonine. 
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COCATANNIC ACID v. Tannins. 

COCCINE V. Azo- coLouBiNo matters. 

a COCCINIC ACID, COCCININ,!;. Cochineal. 

COCCULIN V. PiCROTOxiN. 

COCCULUS INDICUS or INDIAN BERRY is 

the fruit of the Anamtrta paniculata (Colebar), 
[A Goccvlus (Wight and Amott)] nat ord 
Menispermaceoe, a tree growing upon the coaste 
of Malabar, Ceylon, &o The Derry is about the 
size of a largo pea and of a dark-grey colour 
It possesses strong poisonous and narcotic 
qualities from the fact of its containing about 
one-fiftioth part of its weight of pioiotoxm, and 
has been employed to increase the bitterness as 
also the inebriating effect of beer It is, how- 
ever, exceedingly dolotonous to health, and the 
use of it for this purpose has been yirohibited by 
the Legislature under heavy penalties 

Besides picrotoxin, Schmidt and Lowenliardt 
(Bull Soc chim 14, 817) obtained from the seeds 
coccuXii} CigHggOio, crystallising in white needles, 
sparingly soluble in hot water, insoluble in cold 
water, alcohol and ether. It is probably identical 
with Barth and Kretschy’s anamutin CigHoiOjo 
which they regarded as a constituent of picro- 
toxin 

Cocculm xndicua bemos contain menisper- 
mine^ parameniapcrmixie^ and picrotoxin {v 
Picrotoxin). 

COCCUS CACTI, C. ILICIS, C. LACCAL, v. 

Cochineal. 

COCHIN CHINA WAX v Waxes. 

COCHINEAL. This important natural dye- 
stuff, which, in its native countiy, Mexico, was 
used as a dye and cultivated by artificial me»ins 
at a remote period of history, was for a long time 
considered to be of vegetable origin Cochineal, 
however, consists of the dried body of an insect, 
the Coccus cachf which lives upon a specie^s of 
cactus (the Nopalea coccinellijera (8 -Jlyck) or 
Nopal), a plant which is found in the wild 
condition, but which, for the sake of the insect, is 
cultivated in gardens which are termed Nopalenes. 
The collection of the insects takes place before 
the commencement of the rainy season, and they 
are then brushed either into straw baskets or 
into btisins of tinned iron A number of insects 
are left upon each plant, and a new generation 
IS produced, which is again gathered at a 
suitable penod 'Che insects are killed by 
immersion in boiling water, or are enclosed m 
a linen bag and placed in an oven ; by the latter 
process the peculiar white down covering the 
insect 13 praserved, but in the former case is lost. 

In Mexico and Central America two varieties 
of cochineal are known — the home-grown, or 
fine cochineal (grana fina), and the wild, or foiest 
cochineal {grana silveatra), 1’he former is more 
valuable than the latter, and is richer in colouring 
matter Since 1830 the cultivation of cochineal 
was introduced into Spain and the Canary 
Islands, Algeria, and Java, but the most pro- 
ductive of these newer plantations were those 
of Java Smee the discovery of the coal-tar 
colours, the consumption of cochineal as a dye- 
stuff has gradually decreased, and at the present 
time it 18 only employed in a minor degree. 
According to Liebermann, cochineal contains 
about 10 per cent, of colourmg matter (Ber. 
18, 19). 

Carminic acid, the colouring 'matter of cochi- 
neal, was first isolated by Pelletier and Caven- 


tou (Ann. Chim Phys (2), 8, 250), and was 
subsequently examined by l^rcisser (Annalen, 
62, 375 ; J. Pharra. Chim (3), 5, 191) and Arppe 
(Annalen, 56, 101); but Warren de la Rue 
(ibid 64, 1) was the first to isolate this substance 
in a pure condition, and described it as a purple- 
brown mass, which, on grinding, yields a bright- 
red powder, easily soluble in water and alcohol, 
but not in ether. The mean of his analyses 
gave 54 13 p.c. of carbon, 4 62 p c of hydrogen, 
and 4125 pc of oxygen (by difference), and 
from these figures he deduced the formula 
^i4H70g or (1^141170^)2 

Schutzenberger (Ann. Chim Phys (3) 54, 
52), on the other hand, was the first chemist who 
succeeded in obtaining carminic acid in a crystal- 
line condition. He precipitated the colouring 
matter, from an aqueous cochineal extract, in 
the form of its load compound, suspended this 
in water, and decomposed it with sulphuretted 
hydrogen The carminic acid thus liberated 
dissolved in the 'water and was lecovercd from 
this solution by evaporation at a low temperature. 
The product, dissolved in alcohol, was treated 
with ether to precipitate certain impurities, and 
the liquid partially evaporated, when, on cooling, 
a crystalline mass was obtained, which Schutzen- 
borger considered to consist of two sulistances, 
carminic acid, 09Hg05, and oxycarmmio acid, 
O^IIgOg, the latter being distinguished by its 
solubility in ether 

Schaller (J 1864, 410), who prepared car- 
minic acid by the same method, assigned to it, 
however, the formula CgHgO*. 

The work of Hlasiwetz and Grabowski (An- 
nalen, 141, 329) indicated that carmimc acid 
was a glucobido which could bo decomposed into 
asugar and a now colouring mattci , carmine red — 

Oi7H:i80io+2H20=0„H,207-j-CeHio05 

Carminic acid Carmine red Sugar. 

but according to Liebermann (Ber 18, 1969 ; 
Will and Leymann, ibid. 18, 318 ; and Von 
Miller and Rohde, ibid, 26, 2647), this is in- 
correct 

Coccimn, according to Hlasiwetz amd Grabow- 
ski, IS produced wlien carminic acid is fused with 
caustic potash It crystallises from alcohol in 
straw-yellow noodles or leaflets, dissolves in 
alkalis with a yellow colour, which, by air 
oxidation, develops first a green, then violet, 
and, finally, a purple tint. The analyses of this 
substance wore in agreement with the formula 

Riificocctn — By heating carminic acid with 
sulphuric acid to 130°-140°0 , Liebermann and 
van Dorp (Annalen, 163, 105) obtamed a new 
colouring matter ruficoccin, and this 

consisted of a bright-red powder, sparingly 
soluble in hot water and ether, with a greenish- 
yellow fluorescence. On distillation with zme- 
dust, it yielded a colourless crystalline hydro- 
carbon, C19H12, melting-point 183°-188°C , from 
which, by oxidation, a qumone melting at 260° 
0. could bo produced 

Furth, somewhat later (Ber. 16, 2169), 
prepared the same hydrocarbon by the distil- 
lation of both cochineal carmine and coccimn 
with zinc -dust. 

Ruficarmine, CnHijOg, can be obtained, 
according to Liebermann and van Dorp, by 
heating carminic acid with water in a sealed 
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tube at 200°0. It consists of a carmine red 
powder, easily soluble m alcohol 

In view of the uncertamty exLstmg as to the 
percentage composition of carmimcacid, Schunck 
and Marschlewski (Ber 27, 2980) submitted this 
substance to an elaborate process of purification, 
and, using in then operations as low a tempera- 
ture as possible, obtained a product which crystal- 
lised from alcohol in red prismatic needles 
Their analyses agreed closely with that required 
by the formula CnHjoOg, and the percentage 
compO‘:ition approximately with the figures 
given by Warren de la Rue, and also by Schutzen- 
berger 

On the other hand, analyses by Miller and 
Rohde (Ber 30, 1702) pointed to the formula 
or (CijHj^jO,)^, but according to the 
more recent work of Liebermann, Horing and 
Wiedermann (Ber 1900, 33, 149), it now appears 
that the correct formula for carmmic acid is 

The most simple method of purification of 
carmmic acid is that devised by Miller and 
Rohde. A solution of the crude colouiing 
matter m five times its weight of water is dilutee I 
with four times its volume of acetic acid. The 
filtered lupiid, on standing over sulphuric acid, 
gradually deposits the carmmic acid m a crystal- 
line condition 

Carmmic acid crystallises m red prisms, easily 
soluble m water and alcohol, with a purple-ied 
colour. It possesses no melting-point, but 
darkens at 130°, and at 250° becomes quite black. 

By the action of alcoholic potassium acetate, 
carmmic acid (Perkin and Wilson, Chera Soc 
Trans 1903, 83, 139) yields two potassium salts, 
viz — 

M 0710 potassium carminafe (/22H2i0^3K, 
winch 18 red coloured ; and 

J') I poias<ou 7)1 car 7 ni)iate C2 2ll2o^i3l^2> ‘'soluble 
m watef with a violet-red c olouration 

llcxahenzoylcarmimc acid L22HieO^ ^(O^HgO)^, . 
obtained by digesting carmmic acid with ben- 
zoyl chloride (Liebermann, Horing and Wieder- 
mann), is an orange -coloured powder, easily 
soluble m benzene 

Octacetylcarmiiuc acid C 2 2 Hj 40 j 3 (C 2 H 30 )g, 
crystallises m golden-yellow needles, melting- 
point 155°- 105°, and is readily prepared by the 
action of acetic anhydride m presence of zinc 
chloride or sulphuric acid on carmimc acid 
(Miller and Rohde) 

Comtiiutiov of Carmmic Acid — Nitrococxussic 
acid was obtained by W de la Rue from carmmic 
acid by the prolonged action of boiling mtric 
acid It was subsequently studied by v Kosta- 
necki and Niementowski (Ber 18, 250), and 
was found to be identical with tlie trmitrocreso- 
tiTiic acid, of the following constitution • — 

CH3 

N02/^02 

ohI^ooh 

When carmmic acid dissolved m 50 pc 
acetic acid is treated with an excess of bromine, 
and the solution digested at the boiling heat, 
two substances, known as a- and jS-bromcar- 
mmes, are produced (Will and Leymann, Ber. 
18, 3180). 

a-Bromcarmine CioH4Br403, the more spar- 


ingly soluble substance, crystallises in colourless 
noodles, and melts at 247°-248°, with decom- 
position. When oxidised with potassium per- 
manganate m alkaline solution, it gives dibrom- 
methylhydroxyaldehydohenzoic acid — 

CH3 

Br/^(K:)H 

OH<s^^^COOH 

Br 

and dibrommetJiylhydroxyphthahc anhydride — 
CH3 



On treatment with hot eaustic soda solution, 
a-bromcarmmo yields, m addition to a jiurplo- 
red colouiing matter, dibrommothylhydroxy- 
phthahe acid, and biomoform (Miller and Rohde). 
As a result of this leaefion, these authors assigned 
to a-bromcarmmo the constitution* of a methyl- 
h ifdroxf/teh abromd ikrfohydi inden e — 

CH3 


Br 


nr/\~~C(h 


0^; 


- 00 / 


>CBr 


for Zmeke (Ber 20, 3227, 21, 2388) had pre- 
viously shown that dibromdiketohydrmcleno 
itself — 



under similar treatment yields both phthalic 
acid and biomoform 

^-Bromcarmine C11H5B13O4 is obtained as 
a yellow amorphous powder, easily soluble in 
alcohol (Will and Leymann), and is best purified 
by means of its potassium salt Crystallised 
from acetone, it separates m orange needles, 
melting at 232° (Will and Leymann) or 288° 
(Miller and Rohde). By the action of bromine 
m the presence of 50 p c. acetic acid solution, 
it IS converted into a-bromcarmme. As a result 
of their investigation, Miller and Rohde ascribed 
to )3-bromcarmme the constitution of a methyldi- 
hydroxytribrom-a-naphthaquinone^ possessing one 
of the following formulae — 


OH3 O 
Brj^f^pH 


Br O 


CH3 O 



Br 0 


This suggestion was supported by the fact 
that bromoxynaphthaqumone (1), on treatment 
with bromine and caustic soda solution, is con- 
verted into dibromdiketohydrmdeno (2) (Zmeke, 
loc. cU ) — 

O 



Additional support for this view was obtained 
by a study of the behaviour of jS-bromcarmme 
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with zinc-dust in alcoholic solution. Thus the 
acetyl compound of the reduction product, 
melting-point 206°, gave, on analysis, numbers 
agreeing with those of the acetyl derivative of 
a mdhyld%hr(ytnd%hydrox/tf7ia'pht1mhydroquinoney 
possessing the following formula : — 




OH 


Br 
OH 

Br OH 

From a consideration of the points above 
enumerated. Miller and Rohde considered that 
the constitution of carminio acid could bo 
represented by one or other of the following 
expressions : — 


OH. O 


CH, O 


OH 


\OH 


\/ 

O 


OH' 


OH 


O 


As, however, such formulae require 0=64 7 
p c , H=3‘92 p c , figuras which are much higher 
than those given by the analysis of carminic 
acid itself, these authors suggested the addition 
of two molecules of water of hydration, as shown 
below — 

OH OH 

CH 3 \/ 


OHi 


OH 


\/ 


OH OH 


A substance of this constitution would 
require C==65 p c , and H=5 p c 

Somewhat later, Liobermann and Voswmkel 
(Her 30, 688) studied the oxidation of carmmic 
acid with alkaline potassium permanganate at 
the ordmary temperature, and m this way 
succeeded in producing two important acids. 

Gochenillic avid, GioHf, 07 , crystallises m 
colourless needles, which melt at 224°-226° with 
evolution of CO, It is tribasic, and at 260° ls 
converted into hydroxy me thyl'phthalic anhydride 
(1). When heated with water m a sealed tube 
at 210° it yields symmetrical cre^otinic acid (2) — 

CH 3 

(1) 

ohV“<^o/ 


CH, 


(2) 


OHV yCOOH 


( 3 ) 


CH 3 

0 COOH 
COOH 


a-Cocctmc acid C^HgO^, the second product 
of the oxidation, which, as already indicated, 
can also be prepared from cochenilhc acid, 
proved to be identical with the hydroxyuvitinic 
acid of Oppenheim and Pfaff (Ber^ 7, 929) It 
consists of colourless needles, meltmg-point 239°. 

Liebeimann {ibid 30, 1731), whilst agreeing 
with the diketohydnndcne constitution which 
had been assigned to a -brom carmine by Miller 
and Rohde, considered that j8-bromcarmme was 
an mdono lather than a naphthoquinone de- 
rivative, and could bo better represented as 
follows . — 

CH 3 QQ 

CBr, 

I I 

CO— o 

It was [irobablc, indeed, that carmmic acid 
itself was a liydrmdene or bishydrindcne de- 
1 ivative, and the following constitutions were at 
the time suggested for it — 

CH, 


and m the same manner at a lower temperature, 
170°, gives a-coccimc acid or m-hydroxyuvitic 
acid (3) The constitution of cochenilhc acid 
is therefore as follows : — 

GH 3 

COOH 
OHlyy'— COOH 
, COOH 


HO 
COOH 


‘ CHOH 


\ 


"^ClUiH 


CHOH 


CH3 CHOH^j^ ^^j(dI()H CU3 


L 5 -'-- 


OHs 

COOH CHOH 



A>H 
(moH COOH 


In a subsequent paper, however, Liebermann 
and Voswmkel (Ber. 37, 3344) coifsidcr that 
carniimc acid is possibly a ictrahydiate of o- 
d irndhyldihydroxyiiaphthncen cqv inoneditarhoxyh c 
acid — 

(OH), (OH), 

CH, / C . /C , COOH 


OH' 


COOH^CH"^ 
1 

OH 


CH 


( 0 H 3 ) 


OH 


and it was observed that the dime thy Itetrahy- 
droxynaphthacenoqumone — 

, OH 


CH 


OH 






'\C'=^\oo/ A 

• Oil 

OH 


prepared by these authors not only possessed 
weak tmctoiial property of a cochmeal-like 
chaiacter, but in several respects closely re- 
sembled carmimc acid itself 

Rohde and Dorfmuller (Ber. 1910, 33, 1363) 
further examined /3-bromo-carmme, and ob- 
tained results which support the naphthoquinone 
constitution assigned to it by Miller and Rohde 
ifoc cit,), but disprove Liebermann’s contention 
that it IS a derivative of indone By reduction 
with zinc-dust and acetic acid and subsequent 


VoL II— 
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acetylation, jS-bromo- carmine gives the com- Dimroth carminoquinme. The constitutions 
pound 0i7Hi40eBr2 — assigned to this substance (1) and tentatively 

GHg O'COCHj to carmmic acid (2) are given below — 

II CH, O 


Br O COCH3 

colourless noodles, m.p. 208°C. 

Simultaneous hydrolysis and oxidation con- 
verts this into the substance 
OHo 0 




Br 0 

orange prisms, m.p. 258''C , and it thus 
appears that by the latter treatment an hy- 
droxyl has enteied the quinone nucleus 'J’he 
diacctyl derivative melts at 233°C When 
distilled with zinc-dust, this product, and also 
^-bromo-carmme itself, give naphthalene. 

A valuable contribution to the subject was 
made by Dimroth (Ber. 1909, 42, 1611), who 
studied the oxidation of carmimc acid with 
potassium permanganate at 0° in piesence of 
sulphunc acid, llie solution thus obtained 
gave nothing to other, but on heatmg for three- 
quarters of an hour at 90°, it evolved carbon 
dioxide, and ether then extracted carminazarin 
Carminazann crystallises from water m 
gai net-red needles, decomposing at 240°-250°. 
It possesses the constitution (1), and is very 
similar to f^onaphthazarin (2) — 

CH3 O O 

4H.0 (2, 

GOGH O O 

Its alkaline solution when ticated with a 
stream of oxygen, is quickly decolouiised with 
formation of 5 . (S-ditarhoxy-ii-hydroxij-o lolyhjly- 
oxylic acid — 

GH3 

A-CO-COOH „ ^ 


COOH 

A further point of resemblance of caimin- 
azanne to ^5onaphthazarme is shown by its 
behaviour with nitric acid m glacial acetic acid, 
for whereas the latter gives tetraketotetrahydro- 
naphthalene, the former yields the analogous 
Canrmmzai mquinone ciystalhsing in colourless ' 
prisms- Q 

2H^O 

COOH 6 

and which, when heated with water or acetic 
acid, passes back to carmmazarm 

The mtermediate product formed^ by the 
oxidation of carmimc acid with permanganate 
at 0° insoluble in ether, and which, on heating, 

IS transformed into carminazarin, is termed by | 


^^lV\/<GOOH 

COOH O 

CH 3 0 

12) 

oHyy^y Ci„u,.o, 

coon 0 

Carmmic acid was, therefore, not a sym- 
metrical compound, and the nature of the gioup 
OioHjjO^ was not then determined. At the 
time, Dimroth considered that the coccinin 
(see above) of Hlsksiwetz and Grabowski, and 
which is prepared by fusing carmimc acid with 
potassium hydrate, had probably the constitu- 
tion of a telrahydroxymeihyhiaphthalenc — 

CHo OH GH, OH 


Later, Dimroth (Annalen, 1913, 399, 1) re- 
examined this product in detail, pieparing it by 
fusing carmimc acid with caustic potash at 
I70°-200°G To it he gave the foi mula Gj,Hi406, 
and desenbed the pale yellow ciystalliiie tdm- 
aceiyl derivattve, C^i,H,o 04(GH3CO)4, m.p. 242°- 
244°G. 

When coccimn was oxidi&cd by means of air, 
or oxygen, m alkaline solution (Ope NaOH), 
the colour changes above described occuried, 
and when the pure violet colour had been ob- 
tamod, acidification with hydrochloric acid 
yielded a substance coccinonPy Cj^HigOy, which 
forms dark brown glistemng crystals and 
decomposes at 260°G ; it yields a tn -acetyl 
orange-red crystals, 
m.p.210°G ,and also forms thieedifTerent banum 
salts (one of which has a composition analogous 
to the sodium hydrogen salt of 2 . 6-dihydroxy- 
8-methyl-a-naphtho-quinono-3 ; 5-dicarboxylic 
acid). Coccinone is reconverted mto coccimn 
by reduction with zme-dust and ammoma ; on 
the other hand, alkahne oxidation by means of 
hydrogen peroxide below 20°O. gives rise to 
two products, (1) cochenillic acid, and (u) an 
unexamined acid 

Dimroth now formed the opmion that coc- 
cinin and coccinone are derivatives of anthranol 
and anthraquinono respectively, and the position 
of one of the hydroxy, methyl, and carboxyl 
groups m coccinone is made clear by the pro- 
duction from it of cochenillic acid. To coccinone 
Dimroth ascribes the structure — 


0 GH3 


GeHMe(OH)2 


O GOOH 



COCHINEAL 


307 


and to coccinin either the structure — 

OH CH 3 

C.BM,(OH)f']Y"| 

I I 

n cooH 


C,HMe(OH)j 


OH COOH 
OH 




I I 

H CH, 


When heated with water at 200° — or dilute 
sulphuric acid at 170°0.— coccmone loses carbon 
dioxide, yielding dccaihojcy-coccinonc to which 
the structure — 


(^flHMe(OH) 



IS given , it forms red- brown crystals, and dis- 
solves m alkalis to foim purple red solutions 
and in concentrated sulphuric acid with a blue 
colour which becomes violet on addition of 
bone acid 

Not only coccinm, but carmimc acid itself, 
has been furthei examined by Dirnroth {loc cit.)^ 
and as a result ho considers that this substance 
18 also a derivative of anthraqumone He has 
oxidised carmimc acid by means of hydrogen 
peroxide in aqueous caustic soda, using cobalt 
sulphate as catalyst, and m this way obtained 
in the first instance carminoqumone, but the 
reaction proceeded further with the formation, 
after acidification with 80 p c acetic acid, of a 
yellow crystalline compound, C^gHj^OigNa^, 
bHgO, which, when triturated at 0°C. with 
dilute hydrochlonc acid, yielded 2 • Q-dthydroxy- 
S-methyl-a-naphfIi^ui7io7ic-3 5-dKarboxyhc acid . 
pale yellow, hygroscopic crystals — 


HO 



OH 

!— COOH 


tnsodiwm aalty (yi3H508Na3,4H20, orange 
needles 

The orientation of this acid has been estab- 
lished by Himroth by comparison of its colour 
reactions with those of 2 ^-dihydroxy-a- 
naphthoquinone y synthetically prepaied by Dim- 
roth and Kerhovius, as also by its conversion 
into carminazarin by treatment with acid per- 
manganate Moreover, the structure previously 
assigned by Himroth to carminazarin, viz 
2:3: 6-trihydroxy-8-methyl-o-naphthoqumone- 


5-carboxylic acid, has been supported by con- 
version of carmmazann-qumone — the oxidation 
product of carminazarin — mto a diphenaziVy 
C 24 H, 403 N 4 , by treatment with an alcoholic 
solution of o-phenylene-diamine. The product 
crystallises m yellow needles, and yields an 
acetyl derivative y C,.H,.0,N4 

When 2 * 6-dihydroxy-8-methyl-a-naphtho- 
qmnone-3 : 5-dicarboxylic acid — the oxidation 
product of carmimc acid referred to above — is 
warmed with water, carbon- dioxide is eliminated 
with the production of 2 : 6-dihydroxy'S-methyl- 
a-naphthoquinone-6-carboxylic acid : brown-yel- 
low needles — 


HO- 


CH3 O 

I II 

_O.VOH 


HOO(^ 


II 

0 


potassiuni salty Ci 2 H,OeK, lemon-yellow crystals ; 
dipotassiuni derivative y orangc-red 

crystals. 

This compound when brom mated in glacial 
acetic acid at 40° yields a monobrom derivative y 
yellow needles, m p. 240°-244°, 


Br— OH 

I II 

HOOC 0 


which on tieatment with hydrobiomic acid 
yields a-bi omo-tarmm y whilst with bromine in 
cold methyl alcohol, the product is /8-bromo- 
carmin (Will and Leymann), which proves that 
this body has the structure 


CH3 O 

I II 



assigned to it by Miller and Rohde. 

Beyond the above-mentioned decomposition 
products of carmunc acid, Himioth has obtained 
a 5 pc yield of hydrocarbons of the anthia- 
cene senes by distillation with zinc-dust m an 
atmosphere of hydrogen After • oxidation 
of the mixture of hydrocarbons ho isolated 
anthraqumone, and possibly a-methyl-anthra- 
qumone 

By treatment of carmimc acid with boiling 
dilute sulphuric acid, Himioth has also ob- 
tained a 10 p c yield of trihydroxy-methyl- 
anthraquinone carboxylic acid (t\eHiQ 07 ), 
needles, melting-point above 300°, and this acid 
when heated with water at 230°~240°, passes 
into trihydroxy-methyl-anthraqumone by loss 
of carbon dioxide. 

Himroth considered the possibility that the 
anthraqumone nucleus is produced durmg the 
reactions desenbed above, but concluded that 
this IS not the case, and that it is present as such 
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both in carminic acid and coocmm. Dimroth 
formulates oarminic acid thus — 




HO 



On the other hand, C and H. Liebcrmami 
(13er 1914, 47, 1213) bring forward arguments, 
chiefly the smallness of the yield of anthra- 
qumono or anthracene derivatives obtained by 
Dimroth, m favour of the view that the anthra- 
cene nucleus is formed during the degradation 
reactions. 

Those authors have also ro-examined the 
‘ ruticoccin ’ of Liebermann and van Dorp 
above), and conclude that it consists of a mixtuio 
of trihydroxy-methyl-anthi’aqumone carboxylic 
acid, and trihydroxy-mcthyl-anthraquinone, 
which IS conhrmation of the work of Dimroth. 
Incidentally ,they desciibed carminic anhydride^ 
^ 22 ^^ 2 oDi 2 j prepared by heating carminic acid 
with thionyl cnlorido — vivid red powder, re- 
sembling c.irrmmc acid, though less soluble 
It is reconverted mto the latter by the action of 
aqueous alkalis. 

Tcjchmcjjd Prcparation.'i of Cochine/d — 
Ammonidcal Cochinerd — When a solution of 
carminic acid in ammonia is allowed to stand 
for some time, there is formed a new compound, 
which appeal’s to consist of caimimc acid in 
which one of the hydroxyls has been replaced 
by an ammo group The formula assigned to 
this substance by 8 chutzenbcrger was C 9 H 9 IMO 4 
This reaction, long known, has been utilised for 
the production of a new colouring matter termed 
ammoniacal cochineal, or canmnamidc, and this 
comes mto commerce either as cakes or m the 
form of a paste 

The first variety is usually preparea by 
allowing one pait of cochineal to stand m a 
closed vessel for three months with three parts 
of ammonia The clear liquid is decanted, 
treated with about half its weight of gelatinous 
alumina, evaporated, and when the mass has 
become thick, it is cut up mto cakes and dried 

The paste is manufactured m a somewhat 
similar manner, the ammonia, however, being 
only allowed to react for eight days The clear 
liquid 18 then evaporated to about one-third its 
bulk without addition of alumina (Crookes, 
Dyeing and Calico Printing). 

Ammoniacal cochineal dyes much bluer shades 
than cochJheal itself, and it is sometimes em- 
ployed m conjunction with the latter Its use 
is now very limited, but it finds some application 
m the blueing of bleached cotton 

Dyeing Properties of Cochineal — Cochineal 
has been little employed in cotton dyeing, but 
was very largely used in silk and wool dyeing 
It has now been practically replaced by the 
azo -scarlets. 

Two shades of red are obtained upon wool 
with cochineal, namely, crimson, which is 
produced by means of alumimum sulphate, 
and a very fiery scarlet, for which stannous and 
Bometimes stannic chlondes are employed 

For crimson, wool is mordanted with alu- 
minium sulphate and tartar, and is then dyed 


in a separate bath with cochineal. The em- 
ployment of calcium salts in the dyemg operation 
uj not beneficial. Fairly good shades of crimson 
can also bo obtamed by mordanting and dyemg 
in a smgle bath with alumimum sulphate, oxalic 
acid, and cochineal For scarlet, wool can be 
mordanted with stannous chloride and tartar, 
and dyed m a separate bath with cochmeal. A 
single- bath method, employmg stannous chlonde, 
oxalic acid, and cochineal, has, however, been 
very largely used for this purpose On the 
other hand, preparations of staimic chlonde, 
known as ‘ tin spirits,’ ‘ scarlet spirits,’ and 
‘ nitrate of tin,’ are and have been much em- 
ployed by dyers of cochineal scarlet. Though, 
when used alone, stannic chloride does not give 
such brilliant shades as the stannous mordant, a 
mixtiiie of both is considered to be beneficial. 
For very yellow shades of scarlet, yellow colour- 
ing matters can be added to the cochmeal dye- 
bath, and of these ‘ flavine ’ has been employed 
to a considerable extent 

Cochmeal red on wool possesses considerable 
fastness to light, but has the defect that weak 
alkalis and soap cause it to accj[uire a duller or 
more bluish shade 

Wool mordanted with potassium dichromate 
gives with cochineal a good purple colour, 
whereas with ferrous sulphate and tartar, 
purplish, slate, or lilac eolouis can be produced 
These mordants, however, are not employed m 
practice A good enmson shade is produced by 
mordanting silk with alum, and dyemg with an 
extract of cochmeal In scarlet dyeing, silk is 
preferably first dyed yellow, then moidanted 
with ‘ nitromuriate of tin,’ and finally dyed m 
a second bath with the assistance of cieam of 
tartar, Silk can also be dyed m a smgle bath 
with cochmeal, stannous chloride, and oxalic 
acid A G. P. & A E. E. 

COCHINEAL CARMINE Lakes. 
COCHINEAL RED, SCARLET Azo- con- 

OUKING MATTERS. 

COCHINEAL WAX and FAT. The wax is 

obtamed by extracting the cochmeal with 
benzene, and consists almost entirely of a sub- 
stance to which Liebermann gave the name 
coccerin. After the removal of the coccerm, the 
fat is extracted with ether ; it consists of mynstm 
and an od containing fatty acids. The follow- 
ing aio the percentages of coccerm m vaiious 
samples of cochineal (extracted whole with 
benzene) ; 


Silver cochmeal 

, 1*0 pc 

Mexican silver cochmeal 

1*7 

Tenenffe silver cochmeal 

.20 

Zaccatille 

. 0*6 

Tenenffe black cochmeal 

, 0 7-1*0 „ 

Mexican black cochineal 

1*6 

Gramlla . 

4-2 


By powdermg the cochmeal before extrac- 
tion, the percentage is mcreased by about one- 
half, except m the case of Gramlla, whore the 
granules are exceedingly small. The percentage 
of myristin is on the average about 1 5-2*0, and 
of flmd fat and fatty acids 4*0-6 0, so that the 
average total quantity of wax and fat contained 
m a silver cochmeal is about 12 p.c. After 
recrystallismg from benzene or acetic acid, 
coccerm forms thin glistening plates of meltmg- 
point 106°. It IS sparingly soluble in all cold 
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solvents, and nearly inroluble in alcohol and 
ether. It has the constitution C30H0o(C8iH^iO3)2. 
On saponification with alcohohc potash, it gives 
cocceryl alcohol C3oH0o(OH)2 and coccenc acid 
C31H02O3. The alcohol forms a white crystalline 
powder of m p 101°-104° The acid melts at 
93°, and is soluble in hot alcohol, benzene, &c ; 
its ethyl ether melts at about 70°. The myristm 
03H5(0 Ci 4H2 70)3 forms colourless crystals of 
m p 55°, easdy soluble in warm alcohol, &c ; 
on saponification it gives glycerol and mynsiic 
acid C14H2SO2 of m p. 64°, and b p^ 248° at 
100 mm (J Soc Chem. Ind 4, 586). 
COCflINEALIC ACID Cochineal 

COGINIG ACID V. Hendecatoio acids. 

COCOA. The cocoa tree is an evergreen 
shrub, indigenous to Mexico and the tropical 
regions of Central America, whence it was 
introduced into Europe by the Spaniards. It 
belongs to the natural order Stercuhacece^ and 
comprises several species, that most highly 
valued and cultivated being the Thcdjrortm 
cacaOy so called by Linnaeus, from (god) 
and fip&jjLa (food), in allusion to the esteem 
and almost veneration in which the beverage 
prepared from its seeds was held by the natives 
of Central America, and ‘ cacao,’ the name by 
which it was originally known The seeds were 
used as a kind of money even down to the time 
of Humboldt’s visit to Mexico. 

The tree grows to a height of from 12 to 40 
feet, the average being about 25 feet, but in 
plantations it rarely exceeds 18 feet It flounshes 
test in a moist and warm climate, in latitudes 
between 25° north or south of the equator, and 
at altitudes up to 1000 feet It is now cultivated 
more or less extensively in Brazil, Caraccas, 
Central America, Ecuador, Essiquibo, Grenada, 
Guayaquil, Peru, Trinidad, Venezuela, and in 
the West Indies (particularly Jamaica, Dominica, 
and St Lucia) ; also in Ceylon, the East Indies, 
the Philippines, Mauritius, Madagascar, San 
Thom6, Gold Coast, Cameroons, and to some 
extent m Australia 

The cocoa tree begins to bear fruit when 3 
years old, and attains its full productiveness 
when 7 or 8 years old, but a healthy tree will 
bear for 40 or 50 years Emit is produced all 
the year round, but harvesting usually takes 
place only twice a year — from February to 
April, and again in October and November. 

The fruit consists of an elongated pod, in 
shape between a melon and a cucumber, measur- 
ing from 5 to 12 inches in length, and from 
2 to 4 inches in diameter, with a thick pericarp 
varying in colour from yellow or red to purple, 
according to the variety. There are from 
20 to 40 or more seeds in a pod (though the 
number is smaller in the West Indian varieties) 
arranged in 6 longitudinal rows, and embedded 
m a rose-coloured mucilaginous pulp When 
fresh they are usually white (some varieties 
purple), and have a bitter taste, but after dry- 
ing and exposure to the air and light they 
acquire a yellow, red, or brown colour, and 
become hard, brittle, and less bitter They are 
ovate, compressed, and about the size and shape 
of hancot beans or olives. 

After removal from the pods, the seeds or 
beans are either freed at once from adhering 
pulp and dried in the sun (or occasionally by 
artificial means), to produce ‘ unfermentea 


cocoa,* or they are removed to the ‘ sweating ’ 
or curing house to undergo a process of fermen- 
tation before drying Unfermented cocoa is 
distinguished by its pale skin, which separates 
with difficulty from the kernel Owing to its 
bitter taste, it is suitable only for use in cocoa 
mixtures containing starch and sugar It is 
quite unfit for chocolate making, and commands 
a lower price than fermented cocoa. 

To produce fermented cocoa, the beans were 
formerly buried in the ground, or in trenches 
covered with plantain leaves, but in order to 
avoid the consequent adherence of earthy matter, 
they are now generally buned in casks or boxes, 
or heated in piles in slieds, and turned over once 
or twice daily. The temperature rises consider- 
ably during fermentation, and the process rc» 
quires great care and skill, as on it the com- 
mercial value of the finished beans chiefly 
depends 

In the fermentation — for which the optimum 
temperature is 35°-4()° — alcoholic fermentation 
is succeeded on the second or third day by 
acetic fermentation ; during the subsequent 
drying, oxidation of tlie astringent constituents 
occurs The market value of the seeds vanes 
inversely as their tannin content When the 
seeds contain over 20 p c of moisture butyric 
fei mentation often occurs and causes mouldiness 
Oxidation is most rapid at 50°~r)0°, but must not 
be allowed to proceed too far, or loss of aroma 
occurs For observations on the fci mentation 
of cocoa, sec Brill, J. 8oc. C3iem Ind 1917, 
30, 1245 

The objects arrived at in the * sweating ’ 
operations are the loosening of the adherent 
pulji, the removal or modification of the bitter 
pnnciple, the development of an agreeable 
aromatic odour, and the colouration of the beans 
to a rich mahogany tint. The fermentation 
process generally lasts from 2 to 7 days. In 
some parts, as Trinidad and Jamaica, red earth 
is often employed to assist m the removal of the 
mucilage from the beans, which are afterwards 
rubbed clean and dried Occasionally Venetian 
red IS used to impart a uniform red tint to the 
finished beans. 

As the fermentation process produces consider- 
able change m the composition of the nibs it has 
recently Dcen replaced by treatment with a 
1 p c solution of sodium carbonate for 10 minutes 
at 45°, whereby the beans are ‘ stabilised ’ and 
sterilised Cocoa prepared in this way is per- 
fectly stable, and contains no pre-formed sugar 
Theobromine is not present in the free state, 
but is formed together with sugar and tannin 
by hydrolysis {v tv fra) 

In the drying operation the beans are spread 
out in trays and systematically turned so as to 
expose every part of the bean to the light, and, 
when thoroughly air-dried, are in a suitable 
condition for shipment 

The preliminary processes of manufacture 
consist m (a) sifting out sand, dust, and small 
stones ; (6) picking out by hand the empty beans 
and foreign matter, as larger stones, grass, wood, 
&c ; (c) roasting ; and {d) clcaningy by breaking 
up the beans and removal of the husl^ or shells. 
Berhardt (Chem. Zeit. 1889, 32) has found, from 
the results of actual factory work, that the 
losses in these operations amount to 2 or 3 p c 
m sifting ; nearly 1 p.c. in picking ; about 
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5 p.c. in roasting ; and 12 or 13 p.c. in cleaning , 
making a total loss of over 20 p c. 

The roasting process, which requires great 
care, skill, and oxpeiienco on the part of the 
operatives entrusted with it, is conducted in 
rotating cybndors heated by coke fires or by 
means of superheated steam in pipes lining the 
cylinders, to a temperature varying from 
600° to G00°F (160° to 315°(j.) Umformity of 
roasting is facilitated by grading the beans in 
the same operation to a umform size The 
beans are tlien cooled, gently crushed in a 
‘ kibbling mill,’ to fracture the crisp husk and 
break down the kernel into its natural angular 
fragments or ‘ mbs,’ after which the mbs, husks, 
and hard rod-shaped germs are separated by 
winnowing and sieving, and the mbs graded 
into different classes according to size 

The object of roasting is to develop to the 
fullest extent the characteristic aroma and 
flavour of the cocoa This is jirobably duo to 
the development of a volatile principle m the 
nature of an essential oil, somewhat analogous 
to the eaffeol of coffee {v infra, Com-ifd) 

The roasted husks or shells constitute on an 
average about 12 or 13 p c of the weight of the 
whole Ix^an, varying from 7 or 8 p.c. m the 
thm-walled beans of (Vylon and Java to 18 p c 
in those of Trinidad and the West Indies, which 
have a much thicker shell The shells form a 
low-priced product extensively used, after 
grinding, in the cheaper grades of cocoa and 
chocolate, and 0 (’caaionally. under the name of 
‘ cocoa tea,’ as a beverage which has the taste 
and flavour of weak cocoa (^ocoa shells have 
prov(‘d to be a useful addition to feeding stuffs, 
especially for mileh cows, and gave good results 
on the experimental farms of ('anada when used 
as manure. (For analysis of cocoa shells, see 
table below ) 

The mbs enter into commerce as such, but 
although in this form the consumer may be 
assured of the purity of the article, yet, owing 
to the largo proportion of fat m them (about 
half their weight) and the difficulty of dis- 
integrating them even by boiling water, 
they are hardly suitable foi popular u.se as a 
beverage. 

For the manufacture of the various forms of 
prepared cocoa, the nibs are ground by means 
of millstones or steel mills so constructed as 
gradually to reduce the cocoa to the finest and 
smoothest possible condition If the cocoa is to 
go into consumption as ground nibs m powder, 
the stones or rollers are kept cool during the 
operation, but if, as is usual, the ground cocoa 
IS afterwards to be made up into any of the 
numerous forms of prepared cocoa or chocolate, 
the stones or rollers are usually kejit heated 
dunng the grinding This causes the fat to 
melt, and the whole is reduced to a liquid mass, 
which IS run into moulds and cooled so as to 
form blocks, which are sold a.s such or kept as 
stock for subsequent conversion into prepared 
cocoa or chocolate 

The leading types of manufactured cocoa are 
flake cocoa, rock cocoa, and cocoa powders sold 
under such names as ‘ soluble ’ cocoa, and 
‘ extract ’ or ‘ essence ’ of cocoa. Flake cocoa is 
prepared simply by grinding the whole beans or 
the nibs only m steel mills somewhat resembling 
those used for grinding coffee ItocJc cocoa is 


made in the form of a paste by gnnding in a 
mill with heated stones or rollers, and with the 
addition of sugar and starch. 

The admixture of starch or other gelatinising 
substance tends to mask the presence of the 
fat and to render the cocoa more readily miscible 
with boiling water These mixtures, sold under 
such names as ‘ homoeopathic,’ ‘ Iceland moss,’ 
&c., are frequently described as ‘ soluble cocoa,’ 
but thLs IS a misnomer, since the absence of a 
sediment in the cup is due, not to solution of 
the cocoa, but to the formation of an emulsion, 
which holds the cocoa m a finely divided state 
suspended m the liquid In some of these, as 
‘ granulated cocoa,’ ‘ cocoatma,’ &c , sugar is 
added as well as starch. 

The large proportion of fat (about 60 p c ), 
being found by many to bo difficult of digestion, 
IS reduced in preparations intended for use as 
a beverage, not only by the addition of sugar 
and starch ^ which incidentally reduces the 
propoition of cocoa present), but also by the 
actual abstraction of fat to form the so-called 
‘ essence ’ or ‘ extract ’ of cocoa 

The partial extraction of the fat is accom- 
plished by submitting the pure cocoa paste 
enclosed m strong canvas bags to a pressure of 
1200-1400 lbs per square inch m hydraulic 
presses heated to 70°-80° The cocoa butter 
flows out through a special orifice, and is after- 
wards solidified into blocks or slabs ready for 
use in surgical and pharmaceutical preparations, 
for soap making, and in the manufacture of 
chocolate confectionery The commercial value 
of cocoa butter just before the war was twice 
that of tho raw bean, and tins no doubt was an 
inducement to its removal, m addition to the 
alleged purpose of making the cocoa more 
digestible 

To prepare tlie so-called ‘ essence ’ or 
‘ extract ’ of cocoa, the cakes of compressed 
cocoa, now containing only about 25 pc of 
fat, are turned out in a nearly dry condition, 
and ground to a fine powder Some cocoa 
owders are said to bo rendered more digestible 
y treatment with alkalis, which soften tho 
cellulose tissue and act ujion the fat so as to 
produce a more perfect emulsion than that 
obtained by other ‘ solu bio ’ cocoas prepared 
with starch ; also there is less tendency to 
separation of the melted fat m the cocoa bever- 
age Another method is to soften the tissue by 
heating in closed vessels with or without water 
to a temperature of 150°. In some prepara- 
tions, as ‘ solidified cocoa,’ the fat is not removed, 
wliilst a\ preparation of cocoa practically free 
from fat is obtained by extracting the roasted 
and ground beans with ether or benzene The 
ordinary flavouring materials are vanilla and 
cinnamon, but other spices and artificial 
vamlla are occasionally used. 

The principal constituents of cocoa are fat 
(‘ cocoa butter ’), alkaloids, albuminoids, starch, 
tannin, cocoa-red, and mineral matter. 

The fat, cocoa butter, or cacao butter, oleum, 
theohromoe, is the principal food constituent of 
cocoa, and forms from 45-55 p c. of tho husked 
bean It has a pleasant taste and odour, 
suggestive of chocolate At ordinary tempera- 
tures it IS a yellowish- white, somewhat brittle 
solid, melting below the temperature of the 
body, VIZ &3°-33°, and solidifying at 21°-23‘^ ; 
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sp gr. from 0*95 to 0*97 at 16% and 0*866 at 
100 ^ ; iodine number from 33 to 38 ; saponifi- 
cation value, 193-195 ; refractometer reading 
(Zeiss) at 40^^ is 46-47 8 ; and index of refraction, 
between 1 *4566 and 1 *4578 at 40°. It is readily 
soluble in ether, chloroform, turpentine, and 
boiling alcohol, from which it crystallises out 
almost completely on cooling Chemically, it is 
a mixture of the glycendes of stearic, palmitic, 
oleic, and arachidic acids (Bonedikt, Analyse 
der Fette und Wachsarten). It is sometimes 
adulterated with such substances as coco-nut 
oil, cotton seed, and sesame oils, stearin, tallow, 
and paraffin wax lllip^ oil is often used as a 
substitute for cocoa butter (which it closely 
resembles m certain respects) m the manufacture 
of chocolate 


Analyses of Raw Cocoa Nibs. 







— 

Bell 

Bous-iii- 

gault 

Moisture 

5 23 

76 

Fat 

50 44 

49 9 

Starch . 

4 20 

24 

Albuminous matter 

Soluble 

0,30 

[ 10 9 

Insoluble . 

() 90 

Astnngent principle 

0 71 

02 

Gum .... 

2 17 

24 

Cellulose 

0 40 

10 6 

Alkaloids 

0 84 

3 3 

(Jocoa-red 

2 20 

— 

Indefinite organic matter 
(insoluble) 

5 80 

5 3 

Ash 

2 75 

40 

(Tartanc acid) 

— 

3 4 


100 00 

100 0 


Alkaloids — ^Theobroinino C 5 H 2 (Cn 3 ) 2 N 402 , 
or dimethylxanthine, is the piincipal alkaloid in 
cocoa, and is closely related to the alkaloid of 
tea and coffee, caffeine (trimethylxanthine), 
which IS also present to a small extent in cocoa 
Thoobromino crystallises m white microscopic 
needles, having a bitter taste, and is present in 
cocoa to the extent of about 1 5 p c The 
published analyses show variations from 0 4 to 
3 3 p.c , due to the different methods of analysis 
employed. One of the best methods is that of ' 
Decker, as modified by Welmans and Fromme 
(Pharm. Zeit 47, 789, and 858 ; and Apoth Zeit 
18, 68) The caffein is usually included with 
the theobromine, from which, however, it can 
readily be separated by means of cold benzene, 
in which caffeine is soluble, but theobromine 
practically insoluble The amount of caffeine 
varies from 0 1 toO 3 p c. (see art. Tdeoeromine). 

According to Kreuz, the proportions of 
theobromine hitherto shown in published 
analyses represent only free theobrommo. He 
mamtains that part of the alkaloid is combined 
and IS not extracted until the cocoa has been 
subjected to hydrolysis By this method 
Klreuz found from 2 8 to 5*1 p c. of theobromine 
in cocoa beans (Zeitsch. Nahr. Genussm. 1909, 
17, 626-7). 

AVmminoids . — ^These have been but little 
studied, but Stutzer (Zeitsch. an^ew. Ghem 


1891, 368) has classified the nitrogenous con- 
stituents of cocoa as follows ; — 

(1) Non-proteids, substances soluble in neu- 
tral water solution in presence of coppes 
hydroxide (theobromine, ammonia, and ammo- 
compounds) 

(2) Digestible albumen, insoluble in neutral 
water solution in presence of copper hydroxide, 
but soluble when treated successively with 
gastric juice and alkaline pancreas extract 

(3) Insoluble and indigestible nitrogenous 
substances 

According to Stutzer’s analyses, the propor- 
tion of albuminoids in cocoa powder manu- 
factured without chemicals is between 17 and 
18 p.c , of which 10 p c is soluble or digestible 
albumen, the remainder (over 40 p c of the 
whole) consisting of insoluble and indigestible 
I substances Forster, however, maintains that 
I the proportion of digestible albuminoids reaches 
as high as 80 p c , his experiments being made 
on the human subject, whilst Stutzer’s were 
conducted under laboratory conditions (Hyg. 
Rundschau, 1900, 314) 

Starchy as in oleaginous seeds generally, is 
not very abundant It has been variously 
estimated from 2 to 20 p c of the mb, but many 
of the results are too high, owing, no doubt, to 
the conversion of cellulose into sugar when the 
acid method for the starch conversion is em- 
ployed The diastase method is preferable m 
the presence of cellulose The average amount 
of starch is from 4 to 5 p c , or about 8 p c 
calculated on the fat-free bean The staich 
grams are nearly spherical, with a very indistinct 
nucleus They have a tendency to unite in 
small groups of 3 or 4, and rapidly lose the colour 
imparted by lodinp The average size is about 
0 005 mm, 

Tanmn — An astringent principle resembling 
tannin exists m the raw bean, but, according to 
Mitscherlich and Bell, it is rapidly oxidised to 
‘ cocoa-red,’ to which the characteristic colour of 
cocoa is due Bell (Foods, i 79) states that 
this astnngent principle is different from the 
tannin of tea and coffee, and that its rapid 
change to cocoa-red, even during the process of 
analysis, renders its quantitative estimation 
difficult It IS precipitated by basic acetate of 
lead, and can be obtained after removal of the 
lead by sulphuretted hydrogen It gives a 
green precipitate with feme chloride not unlike 
caffeic acid under similar treatment. 

Cocoa-red is not present in the fresh seeds, 
which are nearly white, but anscs from the 
oxidation of the natural tannin of the seed It 
consequently appears in different quantities m 
different kinds of cocoa On hydrolysis it 
decomposes into glucose, tanmn, and a resinous 
substance. By many the peculiar taste and 
aroma of cocoa are associated with the formation 
of cocoa-red, which increases in amount during 
the process of fermentation, drying, and roasting, 
simultaneously with a corresponding increase in 
flavour, thought to be due to the development of 
a volatile principle or essential oil Details of 
methods for its extraction and estimation are 
given in Zipperer (Die Schokoladen Fabrika- 
tionen) and Blyth (Foods). 

Mineral matter — The ash m cocoa mbs 
varies from 2 6 to 4 6 p.c., the average, accordmg 
to Zipperer, being 3 6 p c. m raw, and 3 9 p.c. in 
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the roasted kernels. The shells contain two or 
three times this amount. Approximately half 
the ash (which is rich in potash and phosphates) 
is soluble in water. The ash is naturally lower 
than the average when starch or sugar has 
been added, and higher when fat has been 
abstracted, or when the cocoa has been adulte- 
rated with husks or coloured with pigments 
The shell is rich in alkaline carbonates and silica 
as compared with the nib A high alkalinity in 
the ash of cocoa powders mdicates treatment 
with alkalis as descnbed m the preparation of the 
so-called ‘ soluble ’ cocoas The composition of 
the ash of cocoa nibs and husks is shown m the 
table given below. 

Whilst cocoa ranks higher than tea or 
coffee as a nutritious beverage, its value as a 
substitute for solid food has been greatly 
exaggerated In its content of alkaloid and 
tannin substances, it stands midway between 
tea and coffee, and, like them, it should be 
considered a stimulating beverage rather than 
a true food. 

The tables on p 313 will serve to show the 
composition of cocoa nibs, shells, the ash, and 
several kinds of commercial cocoas 

Adulterants — Besides sugar and starches 
(which have come to bo considered as essential 
ingredients of certain proprietary coc*oa prepara- 
tions), the usual adulterants are foreign fats 
(particularly coco-nut oil) to replace the ab- 
stracted cocoa butter, farinaceous substances, 
ground cocoa shells, and pigments such as feme 
oxide, ferruginous earth, &c For the estima- 
tion of cacao shell, see Knapp & McLclIan, 
Analyst, 1919, 2, which contains a bibliography 
on the subject J. 0 

COCO-NUT OIL GROUP. Under this head- 
ing 18 grouped a number of vegetable fats 
which differ from all other vegetable fats by 
having high saponification values in conjunction 
with higli Reichert-Meissl values The con- 
siderable proportion of volatile fatty acids which 
the fats belonging to this group contain”, brings 
them into relationship with the milk fats of 
mammals. They differ essentially from the 
latter, however, in that they do not contain any 
butyric acid The high proportion of volatile 
fatty acids contained in the members of these 
groups differentiates them from other fats which 
are also characterised by high saponification 
values, but do not contain volatile aenls. 

The fats belonging to the coco-nut oil group 
are the following : (a) Munti fat, from Mavriha 
vimfera (Mart ) ; Acrocomta vimfera (Oerst ) ; 
(6) mocaya oil, from A sderocarpa (Mart ) ; 
Cocos sclerocarjxiy C. aculeuta (Jacq ) ; Badris 
minor (Gart ) ; (r) cohuno oil, from Attalea 

cohvne (Mart ) , {d) manpa fat, from Palma 

(Attalea) rnarijn (Aubl ) , (r) aouara-kcmel oil, 
from Astrocarpiim vnlgare (Mart ) ; (/) palm -nut 
oil, from the kernels of Blais gmneerms (Lmn ; 
Jacq ) ; (g) coco nut oil from Cocos micifera 
(Lmn ) and Cocus Inityracea (Lmn ) ; (h) fat 
from Cocos acrocomotdes. 

It, may be pointed out that aouara-kemel j 
oil and palm-nut oil differ considerably from the 
corresponding fats contained m the fruit flesh 
surrounding the seeds (see Palm oil) 

All these fats are derived from trees belonging 
to the palm family The two most important 
fats are coco -nut oil and palm -kernel oil. The 


latter will be described subsequently (v. Palm 
KEBNEL OIL). 

Coco-nut oil is the fat obtained from the 
kernels of the coco-nut, especialWi.from5,those 
of the two species Cocos nwci/era.(Linn.), and U 
hutyracea (Lmn ). 

Cocos nucifera grows on all coasts and islands 
of the tropics ; in fact, it may be considered a 
cosmopolitan of the tropical coast-lines m both 
I hemispheres. The coco-nut tree is mdigenous 
I to the islands of the Malayan Archipelago, 

I whence the nuts were earned by sea currents 
I towards the east to the Pacific Islands and the 
coasts of (Vntral Amenca, and towards the 
west to Ceylon and the east coast of Afnca. 

Being weU protected by the ‘ coir ’ (fibres), 
the seeds are able to germinate on all shores 
(islands and even coral reefs) where they may be 
deposited. 

The coco-nut tree forms largo forests, 
especially on the coast-lme of Ceylon, Java, and 
the Philippines. On account of its mamfold 
uses, the tree has been cultivated early in the 
history of mankind, and the fruits were, there- 
fore, gathered, as it were, on a commercial 
scale, not only m the localities named, but also 
in the South Sea Islands, Madagascar, Mauritius, 
Oylon, Zanzibar, the east and west coast of 
’ Africa, the Antilles, and the coast-lines of 
tropical South America 

Cocos hutyracea is indigenous to Brazil, and 
yields, together with Cocos nucifera (as also 
with the other cocos species mentioned above), 
the chief quantities of coco-nut fats which are 
consumed locally The coco-nut oil which is 
exported to Europe is mainly derived from 
Cocos nucifera 

The coco-nut tree flowers when about 6 or 7 
years old, and begins to bear fruit from an age 
of 8 years up to an age of GO years The nuts 
contain a fleshy endosperm, built up from a 
milky J nice, rich in oil At the penod of maturity 
of the fruit the milky juice has disappeared 
almost completely, and the endosperm forms 
the well-known coco-nut kernel, inside which 
the remainder of the milky juice, coco-nut milk, 
IS enclosed The kernel contains from 30 to 
40 p c of fat, and about 50 p c of moisture 

Since tlie earliest times in the history of 
mankind, the kernels have been used by the 
natives of the South Sea Islands, and especially 
of India, as one of their chief articles of food. 
The mode of prepaimg the oil, as practised een- 
turias ago, was of the mqst primitive kind 
The kernels were cut into small jiieces and 
exposed in pile^ to the sun, when the oil would 
run off spontaneously Improved methods con- 
sisted in converting the kernels into pulp, 
placing the latter in vessels perforated with 
holes, and exposing them to the sun, when the 
oil would run through the holes. The oil was 
then collected and carried in bamboo sticks to 
the market, a practice which up till a few years 
ago still obtained in the outlymg parts of the 
Philippines. In order to render the process 
independent of the heat of the sun, aa m the 
rainy season, the kernels were, at a later stage 
of evolution laid on hurdles, formed from 
bamboo staves and coco-nut leaves, and dried 
over a slow fire, the fuel for which was derived 
from the shell of the kernels. In India, where 
the nuts became at an early date an extensively 
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used food product, the nuts were split into 
halves by a blow with a sharp instrument, the 
coco -nut milk was poured off, and the halves 
exposed to the sun to dry, whereby the kernels 
became readily detachable from the shell. The 


dried kernels were then tntiirated and expressed, 
or the pounded kernels were thrown into boiling 
water, when the oil rose to the top, and was 
ready to be skimmed off The residual mass was 
used as^cattlo'i^ood (‘coco-nut poonac ’) This 


Composition ov Cocoa Shells (Weigmann). 


Commercial varieties 

Moisture 

Nitro- 

genous 

sub- 

stances 

Theo- 

bromine 

Fat 

Nitrogen- 

free 

extract 

Cellulose 

Ash 

Sand 

Total 

nitro- 

gen 

Caraccas , 

12-49 

13-18 

0 58 

2-38 

40-30 

16-33 

9 06 

6 26 

2-11 

Trinidad . 

14-64 

14 62 

0 7t 

3 45 

44 89 

15-79 

6-J9 

0 42 

2 34 

Surinam . 

13 93 

16 25 

0 78 

2 54 

42 47 

17 04 

6 63 

0 85 

2 60 

Puerto Cabello . 

14-89 

16-18 

0-76 

1 

2 01 

43-32 

15 25 

8-08 

0-27 

i 

2-59 


Roasted Beans after Removal op the Husk (IIeisoh). 


— 

Husk 

lat 

Nitro- 

gen 

Albu- 

minoids 

Ash 

Ash 
soluble 
in water 

Ash 

soluble 
m HCl 

n.ro. 

Ill ash 

Moisture 

Starch, gum 
cellulose, At* 

Caraccas , 

13 8 

48 4 

1-70 

11-14 

3-96 

2-15 

1-80 

1-64 

4 32 

32-19 

Trinidad . 

15 5 

49-4 

1-76 

11-14 

2-80 

0-90 

1-90 

0 93 

3 84 

32-82 

Surinam 

15 5 

54 4 

1 76 

11-14 

2 36 

0-80 

1-85 

1-23 

3-76 

28 36 

Guayaquil . 

11-5 1 

49 8 

2 06 

13-03 

2-60 

1-75 

1 75 

1 87 

4 14 

30 47 

Grenada . 

14-6 

45 6 

1 06 

12 40 

2 40 

0 60 

1 80 

135 

3 1)0 

35 70 

Bahia 

9 6 

60 3 

; 1 17 

7 40 

2 60 

0 90 

1 70 

1 26 

4 40 

35 30 

Cuba . . 

120 

45-3 

1-37 

8 6? 

2-90 

0 95 

1-95 

1-13 

3 72 

39 41 

Para , 

85 

54 0 

2-00 

12-06 

3-06 i 

1 

1-40 

1 65 

1-00 

3-9G 

26 33 


Analyse.^ of the Ash op Cocoa Nibs and Hdsks (Bell). 


— 

1 

Guayaquil 

mbs 

2 

Surinam nibs 

3 

Grenada nibs 

4 

Flno«»t 

Trinidad 

mbs 

6 

Finest 

Trinidad 

husks 

Sand . . 






5-12 

Silica 


0-15 



— 

— 

2 87 

Sodium chloride 


0 46 

0-53 

0 67 

0 65 

0 44 

Soda (NagO) . 


0 46 

0-63 

0 67 

0 83 

0-94 

Potash (KgO) . 


23 35 

28-00 

27-64 

29 30 

37-89 

Magnesia 


19-18 

20 66 

19 81 

18-23 

13 04 

Lime 


3 24 

4 38 

4 53 

0 51 

7 30 

Alumina . 


0 10 

0 04 

0 08 

0 08 

0 55 

Iron oxide (FeO) 


0 21 

0 38 1 

0 16 

0 10 

0 63 

Carbonic anhydride 

(CO.) . 

0 69 

3-31 1 

2 92 

4 19 

10 80 

Sulphuric „ 

(SO,) . 

2-77 

4-29 

4-63 

3 91 

3 25 

Phosphoric „ 


49 39 

37-78 

39 20 

36 20 

17 17 

1 


100-00 

100 00 

100 00 

100 00 

i 

100 00 


The folloi^iDg table shows the general composition of commercial cocoas : — 


Analyses op Commercial Cocoas (Bell). 


— 

Prepared 

cocoa 

Iceland 

moss 

cocoa 

Rock 

cocoa 

Flake 

cocoa 

Cocoa- 

tina 

Choco- 

latino 

Finest 

Trinidad 

nibs 

Chooolat 
de Santo 

Cocoa 

extract 

Moisture 

4-96 

6-47 

2-68 

6 49 

3 52 

4-40 

2-60 

1 44 

5 76 

Fat 

24 94 

16 86 

22*76 

28-24 

23 98 

29 60 

51-77 

22 08 

29 50 

Starch (added) 

19-19 

24-70 

17-66 

none 

none 

none 

none 

2 00 

‘none 

Sugar (cane) . 

23 03 

29-23 

32-20 

none 

none 

none 

none 

61-21 

none 

Non -fatty cocoa 

27 89 

23-74 

24-90 

66 27 1 

72 50 

66 00 

45 63 

13 27 

64-74 


100-00 

100-00 

• 

100-00 

100-00 

100-00 

100 00 

100 00 

100-00 

100 00 
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process was carried out with special care at 
Cochin and the coast of Malabar. Hence the 
reputation of Cochin coco-nut oil for best 
quality has been maintained to this day. 

As large proportions of moisture left in the 
kernel readily lead to putrefaction, a further 
step m the preservation of the fat was found in 
drying the kernels thoroughly, so as to remove 
the bulk of the water. The absence of moisture 
rendered the growth of fungi impossible, and 
thus prevented excessive ''hydrolysis and subse- 
quent rancidity The process of producing the 
(Iriod kernel — copm — developed into a manu- 
facturing process. 

Coco-nut oil became first known in Europe 
in the 18th century, but was not imported in 
any notable quantities before the year 1820. 
At present three qualities of oil are distinguished 
in commerce (1) Cochin o\l\ (2) Ceylon oily 
(3) Copra oil. 

(1) Cochin oil represents the finest and 
whitest quality, and^ is obtained as stated 
above, by boiling the kernels with water and 
skimming off the oil. 

(2) Ceylon oil is prepared in a similar manner 
in the plantations of Ceylon This oil is not 
of such high quahty as Cochin oil, owing 
mainly to the want of care on the part of 
the natives, as eomparcrl witli that exercised 
by the natives of the Malabar roast. Hence 
Ceylon oil ropre^sents, as a rule, a second quality 
of coco-nut oil, and is characterised by a some- 
what higher percentage of free fatty acids than 
IS found in Cochin oil At present, however, in 
some plantations m Oylon, managed by Euro- 
peans, the same caic ls exercised as in Cochin, 
and some brands of Ceylon oil are now im- 
ported which yield little m quality to Cochin oil 

(3) Copra oil is the oil prepared in modern 
factories in Europe, United States, Australia, 
from copra (i e the dried kernels), which arc 
imported in enormous quantities into these 
countrie.s. 'The conversion of the kernel into 
copra must not only be looked upon as a con- 
venient method for reducing the cost of freight, 
but, as pointed out above, is pre-eminently a 
cheap process for preserving the coco-nut oil 
as far as possible 

In the Manila maiket copra oil is sold as 
‘ Cebu sun-dried,’ ‘ fair marketable Manila,’ and 
‘ Laguna,’ but the distinction between the 
different grades is not well marked 

At present great care is bestowed on the 
preparation of copra , it is used in growing pio- 
portions for the production of edible coco-nut 
oil (see Edible oils), and coco-nut stearin (see 
Chocolate eats) In commerce we differentiate 
‘ sun-dried copra ’ and ‘ kiln-dried copra ’ The 
sun-dried copra was considered the bettei 
quality, as it gives a white coco-nut oil, with 
only a slight yellow tinge, and could be readily 
converted into an edible oil Kiln-dned copra 
IS obtained by a more rapid process, the kernels 
being dried over a bamboo grating heated by 
burning underneath it the shells. In these 
primitive kilns, the fumes obtain ready access 
to the copra itself, and not only bum it occasion- 
ally, but impart to the copra a peculiar empy- 
reuraatic smell and a dark colour Hence copra 
thus dried yields a yellowish oil which proves 
refractory in the refining process. At present, 
however, notable improvements are being 


introduced in the kiln-drying process (rotary 
dners, vacuum dners), so that it may be expected 
that in the near future kiln-dried copra will take 
its place next to, or rank equally with, sun-dried 
copra Sun-dried copra contains on an average 
60 p c of fat ; in kiln-dried copra the percentage 
rises to 63 and even 65 p c Copra dned by 
means of hot air contains even as much as 
74 p.c. 

Its acidity (as oleic acid) should be less than 
1 p.c. By reducing the amount of moisture to 
about 6 p c immediately after opemng the nuts 
the action of moulds is checked and a better 
yield of' oil of good quality is obtained 

The copra is treated in oil mills in a similar 
manner to that in which oleaginous seeds 
generally are worked up The meal is expressed 
twice at a temperature of 56°-60°. The 
practical yield varies from 63 to 66 p c , according 
the content of oil m the copra The expressed 
oil contains a notable quantity of free fatty 
acid, the amount depending on the quality of 
the raw material 

Copra press -cake is used for fertilisers and 
feeding -stuffs for cattle, but by separating the oil 
by appropriate methods a press -cake suitable for 
human food may be obtained A meal suitable 
as a substitute for wheat flour and laid in pastry 
had the following composition • water, 7 35 , 
oil, 32 14 , ash, 4 05 , crude fibre, 37 12 ; and 
proteins 20 34 p c (Parker and Brill. Philippine 
J Sci , 1917, A, 12, 87) 

In our climate coco-nut oil is, at the ordinary 
temperature, a solid white fat of bland taste, 
having the peculiar, though not unpleasant, 
odour of coco-nut. The odorous substances in 
coco-nut oil consist chiefly, according to Haller 
and Lassieur (Compt rend 1910, 151, 697), of 
methylhoptylketone and m e thy Inonyl ketone 
’riiese two ketones, together with certain unde- 
fined volatile substances, are removed in the pro- 
cess of refining coco-nut oil for edible purposes. 
In order to obtain coco-nut stcaiin (chocolate 
fat), the liquid glycerides are removed by ex- 
pression in hydraulic presses, when 50-80 p c 
of the liquid glycerides are expressed Inferior 
copra oils also are frequently subjected to the 
same process, and thus a commercial coco- 
nut steal m is obtained, which, on account of 
impurities, can only be employed in the manu- 
facture of composite candles and night-lights 
The lower qualities of coco-nut oil are used 
111 enormous quantities in the manufacture of 
soap, whilst the best grades are used for mar- 
garine 

Coco-nut oil contains largo proportions of 
myristm and, especially, of laurin, small quan- 
tities of palmitin, stearin, and triolein, and of 
caprin, caprylin, and caproin. 

Elsdon (Analyst, 1913, 38, 8), using the 
method of alcoholysis, found coco -nut oil to 
contain glycerides of the following fatty acids 
in approximately the proportions named : 
caproic, 2 , caprylic, 9 ; capnc, 10 ; lauric, 46 ; 
myristic, 20 ; palmitic, 7 , stearic, 6 ; and 
oleic acid, 2 p c Methods for the detection of 
coco -nut oil in butter are based on the large 
proportion of lauric and mynstic acids in the 
fat (Shrewsbury and Knapp, Analyst, 1910, 35, 
386 ; 1912, 38, 3). 

The saponification value of coco nut oil lies 
between 24^ and 260 ; the Reichert-Meissl value 
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ot the oil is 7-8 ; its iodine value about 8-10 ; and 
its Hehner value 88 to 90 Owing to its peculiar 
chemical composition, coco-nut oil is not readily 
sapomfied by weak caustic leys. It requires for 
saponification alkaline leys of high strength, 
which, however, so easily convert it into soa^ 
that it is only necessary to stir the fat and caustic 
alkali together at 30®-35°, and allow the mixture 
to stand After a short time saponification takes 
place, with liberation of heat (Soapmaking by 
the ‘ cold process.’) Soaps so formed are very 
hard, and combine with a large amount of water 
without becoming soft The soaps are further 
distinguished by their remarkable property of 
requiring large quantities of salt to throw them 
out of their aqueous solution. Hence they are 
used as ‘ marine soaps ’ J L 

COCOSITOL V Inositol. 

CODAMINE V Opium 
CODEINE Opium 

CODEONAL. Trade name for a mixture of 
1 ])art of medinal and 2 parts of eodeine-veronal 

COD LIVER OIL is obtained from the liver 
of the cod, Gadus worrhua (and of the dorse h, 
the young of O. moirhua^ formeily considered a 
separate species, G callanius). The cod appeals 
annually at certain times in enormous shoals on 
the coasts of the northern seas, chiefly on the 
coasts of Norway, Scotland, Newfoundland, the 
east of the United States and of Canada, the 
west coast of the United Stati's and the coasts 
of Japan and Siberia The best known and 
oldest fish mg -grounds are those of Noiway, 
where the fish make their appearance at regular 
intervals of the year 

In the early yeai's of tlie manufacture of cod 
liver oil, tlie livei’s were heaped up in barrels and 
allowed to undergo a process of spontaneous 
putrefaction, wheieby the liver cells burst and 
the oil exuded The oil so obtained was con- 
taminated with decomposition products of the 
liver, and possessed that rank odour and 
nauseous taste with which even nowadays 
popular prejudice associates medicinal cod liver 
oil Of late years the manufacture of cod liver 
oil has been earned out in a scientific manner, 
and the best oil is at present obtained by steam- 
ing the livers in the fleshes t state obtainable 
The livers are washed immediately they are taken 
out of the body of the fish, and are placed m 
jac'keted vessels in which they are heated to a 
temperature of 70°-80°, when the cells burst 
and the oil flows off This oil is known as ‘ raw 
medicinal oil,’ and ls consumed as ‘ congealing 
oil ’ in those countries where the Pharmacopaua 
permits congealing oils The Bntish Pharma- 
copreia prescribes, however, a non- congealing oil, 
which will not ‘ set ’ at the freezing -point It 
IS prepared by expressing the fresh liver at a 
temperature not exceeding 85°, cooling the crude 
medicinal oil below zero, and filtering it at a 
temperature of about 5°. The ‘ stcanne ’ is 
sold as fish stearin of best quality for soap- 
making purposes All unsound livers, and 
those which nave been exposed for some time 
to the atmosphere, are then worked up for 
‘ brown oil.* This oil is, of course, a genuine 
cod liver oil, but is (or should be considered) 
unfit for consumption, and is mostly used up 
in leather industnes, under the name * brown 
cod oil ’ or ‘ cod oil.* 

The pure medicinal oil is pale "yellow or 


light yellow, and the best qualities have a slight 
fishy odour only, and a by no means unpleasant 
taste Such oil has a sp gr of about 0 922-0 93 
at 15°, and a saponification value of 175-192, 
and an iodine value of 140-175 The best 
qualities have an iodine value of about 175, for 
the longer the livers have been exposed, the 
lower will be the iodine value, so that this 
value alone may indicate, preliminarily, a good 
medicinal oil The chemical composition of the 
cod liver oil glycerides is not yet completely 
known Small quantities of palmitin occui in 
I the oil, and are the cause of the separation of 
‘ stcaiinc ’ Tlie older statement that small 
quantities of lower satmated fatty acids, such 
as those of acetic, butyric, valeric, and capric 
acids occur m cod liver oil must be rejected, 
these statements being due to the fact that the 
cod liver oil m which those volatile fatty acids 
were found had already undergone decomposi- 
tion The greatei number of the liquid fatty 
acids in cocT liver oil have not been identified. 
Among the imsatiiratcd fatty acids there occurs 
undoubtedly ilcrapic and , this can bo identi- 
fied and isolated by means of its octobromide, 
Ci7H-jgO^Brjj, which docs not melt at 200°, and 
dccomjioses, with blackening above that tem- 
perature 

Japanese cod liver oil has a similar composi- 
tion to that of the Eurojiean oil {Specimens 
examined by Tsujmioto ((!hem Rev Fett Ind 
1913, 20, 70) had sp gr 0 9203-0 9290 , saponi- 
fication value 183 8-188 1 ; and iodine value 
159 1-100 8 The fatty acids yielded 34 4- 
30 1 7 p e of therapic octobromide. 

The therapeutic value of cod liver oil which 
was attnhuted to the organic bases occurring 
in badly rendered cod liver oil must (m the 
author’s opinion) bo asenbed rather to the easy 
manner in which cod liver oil ls digested than 
to any specific constituent, for the purest cod 
liver oil practically represents a mixture of pure 
glycerides with a small amount only of choles- 
terol and other unsaponifiable substances. 

Like all liver oils, cod liver oil may be 
identified by the colour test whieli it gives with 
concentrated sulphuric arid in a solution of 
carbon tetrachloride or carbon disulphide The 
better the quality of cod liver oil the fainter is 
the sulphuric acid colour test , this points to the 
fact that the colour test is due to small quantities 
of foreign substances which arc dissolved by tlio 
oil from tlie tissues of the liver This is borne 
out by the fact that when completely hyclroge- 
I naied, cod liver oil no longer gives any colour 
I reaction with sulphuric acid A specimen of 
such fully hydrogenated oil prepared by Man- 
nieh and Thiele (Bcr. deut Pharm. Ges 191b, 
26, 36) melted at 65°, and had iodine value 1*2, 
and saponification value 186 2 J L. 

CGELESTIN v. Strontium 
COELINE, CCERULEAN BLUE, CCERULEUM 
V , C’OBALT ; also Pigments 

C(ERULEIN, Anthracene qreen {v Alizarin 

AND allied rOLOURING MATTERS). 

CCERULIGNOL C3H7 (OH)OCH3. A 
colourless oil of a burmng aromatic taste, and 
a smell resembling creosote, obtained from beech 
pine and fir tars. Boils at 240°-241°; spgr. 

I ‘0564 at 15°. It is somewhat soluble in water, 
freely soluble m alcohol, ether, and acetic acid. 
It is coloured red by sulphuric acid, and 
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dark- brown by potassium hydroxide in contact 
with the air In alcoholic solution it gives with 
barium hydroxide a characteristic deep-blue 
colouration. Ferric chlonde m alcohohc solu- 
tion gives a green, in aqueous solution a deep- 
rod, colouration Ofcriilignol is decomposed 
on treating with hydrochloric acid at 145°, 
according to the equation 

C>%Hi402-f-H01=C9Hi20,-fCH3€l 

CCERULIGNONE {Cednret) 

(0H3O),CeH2-O O CeH 2 (Cn 30)2 

A steel-blue crystalline solid obtained by oxidis- 
mg pyrogalloldimothylether m acetic acid 
solution with potassium dichromate (Hofmann, 
Bor 11, 335) It combines with primary 

amines to give deep-blue dyestuffs (luebermann 
and Flatau, ibid 1897, 234 , Moir, ('hem Soc. 
Froc. 1900, 110, 1907, 307) {v (Jedriret). 

COFFEE. The beverage known as ‘ coffee ’ 
IS prepared from the seeds (dried, roasted, and 
ground) of Caffea auilnca (Ijinn ), an evergreen 
shrub, indigenous to North-East Africa, and 
Arabia The use of coffee has been known from 
time immemorial m Abyssinia, whence it spread 
to the neighbouring Mahometan countries 
(where its use was at various times forbidden as 
being an ‘ intovicating ’ beverage), and subse- 
quently to all parts of the civilised world It 
did not find its way into Ihiiopo, however, until 
the beginning of the 17th century It was 
introduced into England in 11)52, and rapidly 
spread in popular favoui in spite of heavy 
taxation and attempts to suppn'ss the * coffee 
houses,’ for political rccosons, until its importa- 
tion reachocl a maximum of 37 J million lbs 
in 1847 Since then the consumption has 
declined, due, no doubt, chiefly to the greatly 
extended use of tea, and paitly to the introduc- 
tion of coffee substitutes At the present time 
the consumption of coffee in the United 
Kingdom is less than 30 million lbs , or less 
than ^ lb per head In the principal coffee- 
drinking countiies of the woild the consumption 
of coffee per head of the population is as follows 
Holland, from 14 to 15 lbs , United State.s of 
America, 12 lbs , Scandinavia, nearly 12 lbs ; 
(Jcimany, 7 lbs , and France, 4 lbs 
. 'riie coffci' tree belongs to the natural order 
Cinchonacece^ which embraces, according to 
Lindley and Faxton, two species, C arahica and 
(j paiiKulala (Aubl ) Othei botanists distin- 
guish many other species, as C microcnrpay G 
umhclhitay C acuminata, C mihsessihs, C 
laurina, C. racemosa, (> hengaloms, C indica, 
<frc- Some of these are probably only varieties 
However tins may be, four species distinct from 
each other are now grown . ( 1 ) Arabian or 

Mocha coffee, having short upright branches 
with a brittle leaf, and seeds usually single in the 
berries (2) Jamaica coffee, bearing longer and 
more pliable branches, a tougher leaf, and seeds 
almost always double m the berries. (3) East 
India or Bengal coffee, of which the leaf is 
smaller tlian the Jamaica variety, and the berry 
very small (4) Libeiian coffee {G hberica) is 
taller and has larger leaves and fruit than the 
preceding varietiei?, but owing to its coarse 
flavour, it was not until recently of much com- 
mercial use It has, however, rapidly attained 
importance on account of its hardy habit and 


E ower of resistance to disease, and is now 
krgely cultivated by grafting on to its stem 
the more delicate and highly esteemed Arabian 
coffee. Trees growing wild in the Cmgalese 
jungle attain a height of 14-18 feet ; but under 
cultivation and subjected to systematic prun- 
ing, the plant rarely exceeds 6-9 feet. Within the 
tropics the coffee tree succeeds best at 1 200-3600 
feet above the sea-level, but grows at a height 
of 6000 feet When the mean temperature is 
about 70°, it may be grown as far as lat. 36°. 
It IS cultivated in the West Indies, Mexico, 
(Central America, Brazil, and Cayenne , in West- 
ern Africa, Egypt, Mozambique, and Natal ; m 
Arabia, India, Ceylon, Siam, Sumatra, Java, 
Celebes, and other parts of the Eastern Archi- 
pelago, Fiji, and the islands of the Facific. At 
the present time more than three-quarters of 
the world’s supply comes from Brazil 

The coffee consumed in the United Kingdom 
comes piincipally from Costa Rica and Bntish 
India as regards the finer qualities, and the 
inferior grades from Brazil 

The manner of forming plantations varies 
somewhat in different countries The surface 
soil should bo good and the subsoil not too stiff. 
Ferhaps the best soil is that known in Brazil as 
‘ terra roxa,’ a topsoil of red clay 3 or 4 feet 
thick, with a subsoil of gravel Virgin forest 
land is as a rule found very suitable Shelter 
from wind is most important, and a wot soil is 
fatal Steep slopes are unsuitable owing to 
ram wash The loss due to this cause should be 
repaired by good manure, well-rotted dung and 
ground bones being the best The young plants 
may be reared in nurseries, whence they are 
transplanted to their permanent position, or 
they may be gathered out of the old plantations ; 
the ago at which this is done vanes, as in Brazil 
where the shrub is usually two years old on its 
removal, or as m the West Indies where it is 
planted out at 6 months Fruit is produced in 
the fourth year, and continues to be gathered 
for several years 

The tree blossoms and bears fruit practically 
all the year round, and the fruit takes about 
4 months to iipen There is thus in some 
places an almost perpetual crop, but, as a rule, 
there are two principal harvest seasons in the 
year 

’Phe coffee fruit consists of a bilobed berry 
somewhat resembling a small elongated cherry 
(by which term it is described commercially) 
The fleshy pericarp changes colour, as the fruit 
ripens, from green through yellow and red to a 
deep crimson When dned, it blackens and 
becomes hard and brittle, resembling a shell or 
husk Beneath the skin of the pericarp is a 
saccharine and somewhat glutinous pulp con- 
taining the seeds, which are usually double, 
lying face to face, but sometimes occurring 
singly. Each seed or ‘ bean ’ is enclosed in two 
membranous covenngs — an outer, consisting of 
tough buff -coloured tissue, technically known as 
‘ parchment,’ which becomes loose and readily 
separates on drying ; and an inner film of thin 
white tissue, closely adherent to the bean, and 
known as the ‘ silver skin.’ 

The pnncipal methods m vogue for gathermg 
and preparing the coffee berries for commerce are 
as follows In Arabia, Eg 5 rpt, and the Antilles, 
the berry cs left on the tree till completely dried, 
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when it is easily shaken down and the dry 
outer envelope and the parchment removed 
by pounding in a mortar, beating with a flail, 
or simply rubbing m the hands In many other 
places the berries are gathered by hand as soon 
as ripe but not dry, and are spread out on the 
ground in layers from 4 to (5 inches deep. These 
are exposed to the sun’s heat for 3 or 4 weeks, 
with frequent turmng by moans of spades, when 
the bean becomes easily removable from the 
fruit by gentle tiituration. As this process of 
drymg sometimes imparts to the coffee a dis- 
agreeable flavour owing to putrefactive changes 
m the pulp, recourse is frequently had to artificial 
heat. The most modern method is to ‘ pulp ’ 
the berries by crushing between rollers so as not 
to injure the beans, which are then subjected 
to a fermenting process in tanks, with or without 
the addition of water, after which they are 
separated from the pulp by ‘ washing,’ and 
dried, either by the sun or by artificial moans. 
Coffee beans in the foim oi ‘ cherry ’ larely 
enter into commerce, but frequently retain the 
archment and silver skin, which, however, 
efore roastmg, are removed by rollers and 
separated by winnowing They are then 
graded into different sizes by special machinery, 
which also separates the round or ‘ pea- berries ’ 
from the ordinary flat-faced beans The colour 
of coffee beans vanes from a pale-yellow passing 
through various shades of gieeii to a slatey grey. 
The following table will indicate the variations 
m size : — 

No of seeds in a measure 

holding 50 grams of water 


Fmo brown Java 


187 

Fine Mysore . 


198 

Fmo Neilgherry 


203 

Costa Rica 


203 

Good ordinary Guatemala 


207 

Good La Guayra 


210 

Good average 8antos 


213 

Fine long- berry Mocha 


217 

Good ordmary Java 


223 

Fine Ceylon plantation 


225 

Good average Rio . 


236 

Medium plantation (Ceylon) 


238 

Manilla 


248 

Ordinary Mocha 


270 

West African 
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Coffee undeigoes impoitant changes m the 
process of roasting, the object of which process 
IS to develop its aioma and to destroy its tough- 
ness so that it may easily bo reduced to powder 
Great care is necessary to ensure an equable 
roasting of all the beans, and to attain the exact 
point at which torref action should cease If, on 
the one hand, rawness is not removed, the flavour 
of the bean is not developed, and they coffee is 
hard to gnnd , on the other hand, if too much 
heat IS permitted, carbonisation takes place, and 
a strong empyreumatic flavour is produced, 
whict renders the coffee infusion nauseous 

The roastmg process is conducted m cylmders 
(preferably of strong wire gauze to permit of 
the escape of steam and other volatile products 
as fast as they are formed) heated by coke fires 
or gas. The loss in weight is from 16 to 18 p c , 
of which about one-half is due to moisture, 
and the rest chiefly to volatile products derived 
from the fat, and from the sugar dunng the 
conversion of the latter into caramef There is 
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also some loss of caffeme. At the same tmie, an 
empyreumatic oily substance is developed, known 
as caffedy which, in spite of its small amount, 
imparts to roasted coffee much of its character- 
istic aroma. The most favourable temperature 
for developing the maximum aroma during 
roastmg is a little above 200°. After i easting, 
it 18 most important that the beans should bo 
rapidly cooled, and this is effected by spreading 
thorn on a large sieve through the meshes of 
which they cannot pass, but through which the 
air is forcibly drawn by means of a powerful 
exhaust connected with a closed chamber 
immediately below the sieve Since the os«en- 
tial oil rapidly escaiies after the bean is broken 
up, coffee should not bo ground until required 
for mfusion 

O Bernheimer (Wien Akad 81, [2] 1032, 
1042) found that during the roasting of coffee, 
water vapour is first given off, then sud- 
denly an evolution of cai borne anhydride, and 
distillation of volatile substances commences 
The distillate consists of an aijucous hquid and 
a sohd part The foimer contains caffeine, 
caffeol, acetic acid, quinol, mcthylamine, and 
acetone , the latter consists of fatty acids, chiefly 
palmitic Pyrrol escapes during roasting Of 
fatty acids, 0*48 p c of the coffee cmploved was 
volatilised , of caffeine, 0 18 p c , and of caffeol, 
0 05 p c. 

Eidraann (Bor 1902, 36, 1840) attributed the 
aroma of roasted coffee to traces of acetic acid 
furfural, valeric acid, an unstable nitrogenous 
compound and a plienolic body resembling 
creosote Various sami)lc8 of roasted coffee 
yielded from 0 2 to 0 25 grm of ])yiidine per 
kilo (Bertrand and Weiswoiller, Compt rend 
1913, 167, 212) 

Bernheimer found that raw coffee beans 
(50 kg ) roasted in a revolving diuin yielded a 
liquid distillate (5 lities) and a solid poition 
(680 grams) floating thereon The uncondensable 
vapours contamed carbonic anhydride, and, on 
passing them through dilute hydrochloric acid, 
a resinous body was deposited, having the ap- 
pearance of pyrrol-red. 

j A Liquid dibliUale — The crude liquid dis- 
I tillate filtered from solid particles has a yellow 
1 colour and the flagrant odour of coffee. On 
) agitating it with ether, and evaporating the 
ethereal extract over the water- bath, a dark 
heavy oil was obtained, smelling like coffee, 
and yielding, on redistillation, first a few drops 
of liquid havmg the odour of acetone, afterwards, 
for the most part, acetic acid and water. The 
thermometer then lose quickly to 200°, above 
which pomt there passed over an oil smelling 
like coffee, the temperature at the same time 
rising to 3(X)°. Above this point there passed 
over a very small quantity of liquid, which 
immediately solidified to a mass havmg the 
buttery aspect and rancid odour of the higher 
fatty acids This portion, and the liquid which 
passed over from 200° to 300°, were neutralised 
with sodium carbonate, whereupon a thick dark- 
coloured oil was thrown down, which was sepa- 
rated from the supernatant hquid by moans of a 
tap-funnel, and washed with water rendered very 
slightly alkaline by potash. 

The alkalme wash waters contained no fatty 
acids, but, when acidified with sulphunc acid 
and agitated with ether, they yielded a substance 
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which, after evaporation of the ether, filled 
the liquid with a pulp of crystals, and after 
precipitation crystallised in colourless needles, 
exhibiting the characters of qmnol (m.p. 171°), 
converted into quinhydrono by the action of 
ferric chloride. 

Tho oil above mentioned, designated by 
Bernheimor as caffeol, was dried over calcium 
chlondo and fractionally distilled, the greater 
part passing over from 105° to 107°. The dis- 
tillate smells very strongly of coffee, is ap- 
parently insoluble in cold water, but imparts to 
it tho characteristic odour , slightly soluble in 
hot water, very slightly in aqueous potash, very 
easily in alcohol and ether, the alcoholic solu- 
tion giving, with ferric chloride, a red coloura- 
tion, which does not disappear on addition of 
sodium carbonate Analysis led to the formula 
OgHioOg. Caffeol is oxidised by chiomic acid 
mixture, without formation of any definite pro- 
ducts By fusion with potash it yields salicylic 
acid. The portion of the crude liquid distillate 


not taken up by ether, when concentrated over 
the water- bath, yielded groups of needle-shaped 
crystals, exhibiting the composition and pro- 
perties df caffeine C8H,oN402 (0*28 p.c. of the 
coffee). The mother liquor was found to con- 
tain inelhiflaimne and trimtihylamine. 

B Solid dishllate — The black mass floating 
on the crude liquid distillate was found, by a 
preliminary exammation, to consist of a mixture 
of the higher fatty acids. By saponification, and 
treatment of the product by Hemtz’s method of 
separation, this mixture yielded, as chief con- 
stituent, palmitic acid melting at 60°, and a 
very small quantity of another acid having a 
molting-pomt a few degrees liigher than that of 
launc acid. 

The chemical composition of coffee has been 
investigated by many chemists with various 
results. The following table gives analyses by 
0 Levesic (Arch Pharm [3] 8, 294) of some of 
tho principal commercial varieties of coffee : — 



Gummy 

matter 



Tannic and 




Phos- 


Caffeme 

Pelt 

caffetannic 

acids 

Cellulose 

Ash 

Potash 

phone 

acid 

Fmest Jamaica plan- 









tation 

25-3 

1 43 

14 76 

22 7 

33-8 

3 8 

1 87 

0 33 

Fmest green' Mocha 

22 0 

0*64 

21*79 

23 1 

29 9 

4 1 

2 13 

0 42 

Ceylon plantation . 

1 23 8 

1 53 

14 87 

20 9 

36 0 1 

40 

— 

0 27 

Washed Rio . 

! 27*4 

M4 

15 95 

20 9 

32 5 

45 

— 

0 51 

Costa Rica 

20 6 

M8 

21*12 

21*1 

33 0 

49 

— 

0 46 

Malabar . 

25 8 

0 88 

18 80 

20 7 

319 

1 

— 

0 60 

East Indian 

i 

24 4 

101 

17 00 

19 5 

i 36*4 



” i 

— 


Commaille (Mon 8ci [3] 6, 779) found in 
undressed Mysore coffee . 


Hygroscopic water (extremes 

of 24 determinations) . . (i 3 to 15 7 


Fatty matters 

12 68 

Glucose ^ . . . . 

2 60 

Dextnn .... 

— 

Legumin-casoin . 

1 52 

Albumen .... 

1 04 

Total quantity of caffeine 

0 42 to 1 31 

Ash ..... 

3 882 

Coffee extract with cold water 24*97 

„ „ „ warm water 37 20 

Coffee extract with alcohol of 

60 p c. 

23 15 


Dragendorff gives the followmg results of 
analyses of 25 different samples of coffee from 
Ceylon, Java, Malabar, Mocha, Mysore, and 
other places • — 

Maximum Minimum Mean 
per cent, per cent, per cent. 


Caffeine 

2 21 

■ 0 64 

1 

16 

Ash . 

4 87 

3 83 

4 

41 

Phosphoric acid . 

0-72 

0*28 

0 

42 


Tho principal constituents of coffee are 
alkaloids (caffeme and caffearine), caffe tannic 
acid, cellulose, fat, gum, protein, sugar, water, 
and mineral matter. 

Caffeine C5H(CH8)3N402, triraethylxanthine, 
is identical both chemically and physiologically 
with theme, the alkaloid of tea, and is closely 
related to theobromine (diinethylxanthme), the 
principal alkaloid of cocoa {g,v.). According to 


Payen (Ann Chim Phys [3J 16, 108), caffeine is 
present as a caffetannate. Gorier (Annalen, 

1908, 358, 327) states that caffeme occurs m 
coffee combined with potassium as potassium 
caffeinechlorogenate G3>H30Oi2K2(C'8H,oN4O2)2» 
2H2O When puie it consists of white silky 
needles, slightly bitter and odourless, almost in- 
soluble m ether, sparingly soluble m cold water 
and alcohol, but more soluble m hot water, and 
readily soluble in chloroform, by means of which 
it may be extracted from coffee The crystals 
begin to sublime below the boiling-point of water 

Catfomo IS found also m guarana leaves, 
kola-nut, mat6 or Paraguay tea and to a small 
extent m cocoa eis well as m coffee and tea, and 
gives to these their exhilarating qualities. 
Taken in excess, caffeine is a poison In coffee 
it IS present to the extent of from 0*6 to 2 2 p,e. , 
the average being 1 1 p c Lendrich and Nott 
bohm (Zeitsch Nahr Genussm. 1909, 18, 299) 
report nearly 3 p c of caffeine m certain African 
coffees, whilst m Madagascar and other islands 
off the east coast of Africa a vanety of coffee has 
been found entirely devoid of caffeme A 
coffee has recently been placed on the market 
after bemg deprived of practically the whole of 
its caffeine V Caffeine. 

Numerous methods have been proposed for 
the estimation of caffeme That of Lendrich 
and Nott bohm is detailed in the Analyst, 

1909, 214, and gives accurate results. A less 
tedious method, but suflBciently accurate for 
ordinary purposes, is that of Fendler and Stuber 
(Zeitsch. Untersuch. Nahr. Genuss. 1914, 28, 
9-20) abstrticted m the Analyst, 1914, 394. 
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Another alkaloid, Caffearine, having narcotic 
properties, is stated by Paladino (Gazz. chim. 
ital. XXV. 1896) to be present in coffee in very 
small quantity. 

Caffetannic acid presents certain of the 
characteristics of tannin (which, however, is 
not found in roasted coffee) and to it the bitter 
taste of coffee is chiefly due. It is vei-y suscep- 
tible to change, and its composition has been 
much disputed. According to Gorier {vide 
supra), it IS a mixture of a new acid discovered 
by him and called caffalic acid, with chlorogemc 
acid. A method for its estimation in coffee has 
been devised by Krug (U.S A. Dept, of Agnc 
Div. of Chem. Bull. 13, 908) According to Bell, 
caffetannic acid is present in coffee to the extent 
of from 3 to 6 pc, and when distilled with 
manganese dioxide and sulphuric acid yields 
quinone. 

Cellulose , — In coffee this is of a very hard and 
homy character, and difficult to define under the 
microscope, especially after roasting, although 
the chief characteristics of the cellular tissue 
are more or less retained. Coffee cellulose is 
dissolved by an ammoniacal solution of copper 
oxide, and gives a blue colour with sulphunc 
acid and iodine. Remnants of the ‘ silver skin * 
are always present even after roasting, and its 
stmeture, a thin membrane with adherent, 
thick-walled, spindle-shaped, and hollow cells, 
is quite peculiar to coffee. 

Fat forms a considerable constituent of 
coffee, varying from 10 to over 20 p c. A loss 
occurs in roasting, due to the sepaiation of 
volatile fatty acids When pure, coffee fat is 
white, inodorous, and of the consistency of 
butter, melting at 37 

Protein, chiefly in the form of insoluble 
albuminoids, occurs in coffee to the extent of 


Constituents 

Mocha 

Sand ...... 

1 44 

Silica (SiOg) ..... 

0 88 

Ferric oxide (rea 03 ) 

0 89 

Lime (CaO) . ... 

7 18 

Magnesia (MgO) 

10 68 

Potash (KaO) 

59 84 

Soda(NaaO). 

0 48 

Phosphonc acid (PaO^) 

12*93 

Sulphunc acid (SO^) 

4 43 

Chlorme (Cl) 

1*26 


100 00 


The principal constituents are potash, 
magnesia, lime, and phosphoric acid. Ludwig, 
in his analyses of various parts of the Brazilian 
coffee tree, shows that the silica increases from 
the root upwards to the leaves and pericarp of 
the fruit, after which it declmes in the parch- 
ment skin, and is nearly absent m the bean 
(Arch. Pharm [3] 1, 482). Graham, Stenhouse, 
and Campbell inferred that sodium compounds 
are entirdy absent in coffee {vide table m Belfs 
Food Adulteration, 46), but although this is 
not absolutely correct, the amount, as shown in 
the above taole, is minute. 

AdvUeration of coffee is very coanmon, and 


from 10 to 14 p.c., the soluble albuminoids con- 
stituting about 2 p.c. There is but little differ- 
ence in this respect between raw and roasted 
coffee. 

Sugar . — Konig and Bell found from 6 to 9 
p.c. of sugar in raw coffee, but this practically 
disappears in roasting, being almost entirely 
converted into caramel. Herfeldt and Stutzor 
(Zcitsch. angew. Chem. 1895, 469) state that 
sugar IS not present as such in the raw bean, 
but only in the form of a glucoside. Bell, 
however, found that when the saccharine 
extract of the beans is boiled with a little dilute 
sulphuric acid, a quantity of glucose is obtained 
nearly equivalent to the weight of dry extract 
operated upon, a result inconsistent with the 
existence oi sugar as a glucoside. Bell considers 
that this sugar is not present as sucrose, since 
it IS not inverted even after prolonged boiling 
with acetic acid On the other hand, the 
chemists of the United States Department of 
Agriculture have isolated cane sugar in con- 
siderable amount as pure, well-defined crystals 
{v. Bulletin, 13). It is usually accompanied by 
some invert sugar probably formed during the 
process of extraction, ana a small percentage 
of dextrin. Starch is rarely found in the coffee 
bean. 

Water — 'I'he moisture in raw coffee varies 
from 8 to 14 pc, the average being about 
1 1 p c. After roasting, it rarely exceeds 3 p c , 
and frequently falls as low as 0 6 p c. 

Mineral matter — The total amount of ash 
vanes from 3 5 to 4 0 p c. in law, and from 
4 0 to 5 0 p c in roasteef t offee The composi- 
tion of the ash is shown in the following table 
(USA Dept of Agnc Div of Chem Bull 13, 
904) 


Maracaibo 

Java 

Rio 

0 72 

0 74 

1*34 

0 88 

0*91 

0 69 

0 89 

M6 

1 77 

5 06 

4 84 

4 94 

11 30 

11 36 

10 60 

61 82 

62 08 

63 bO 

0 44 

— 

0 17 

13 20 

14 09 

1163 

5 10 

4*10 

4 88 

0 59 

0*73 

0*48 

100 00 

100 00 

100 00 


the number and variety of the adulterants is 
almost unhmitcd 

Colouring is frequently employed m order 
to disguise damaged beans and give them the 
appearance of superior quality, a practice 
analogous to the ‘ facing ’ of tea. The substances 
most commonly employed are, for the raw beans, 
chrome yellow, yellow ochre, indigo, Prussian 
blue, azo- dyes, and soapstone for pohshmg ; 
and for the roasted beans, burnt umber, oxide 
of iron, Venetian red, ferruginous earth and 
clay The inorganic colounng matters are beet 
sought for in the ash or in the sediment obtained 
I by shaking the beans in cold water ; indigo and 
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Prussian blue by their usual reactions ; and other 
organic colouring matters after extracting them 
with alcohol. 

Olaztng is a process resorted to for the alleged 
purpose of improving the keeping properties of 
the roasted beans, and the substances used, a 
mixture of egg albumen with glucose or gum, are 
said to have the effect of clarifying the infusion. 
The improved appearance of the beans and 
increased weight due to the retention of 
moisture, are probably also important considera- 
tions. The latter result is sometimes attained 
by the addition of sugar before roasting, or by 
actually steaming the beans and coatmg them 
with glycerine, palm oil, or vaseline, to prevent 
evaporation of moisture BortareUi (Zeitsch 
Nahr Genussm. 1900, iii 681) describes the 
adulteration of roasted coffee beans with a 
solution of borax, winch not only gives the beans 
a glossy appearance, but also adds as much as 
12 p c to their weight. 

Shellac is occasionally used for glazing, and 
Nottbohm and Koch draw attention to the fact 
that shellac is sometimes coloured by arsenic 
triaulpliide Coffee beans which had been 
glazed with arsenical shellac wore found to bo 
strongly contaminated with arsemc (Zeitsch 
Nahr. Genussm 1911, 21, 288). 

Coffee svbstilutes comprise a large number of 
vegetable substances, roasted and ground, and 
having for their object either the production of 
a stronger infusion than can be obtained from 
coffee alone, or the simulation of coffee in order 
to give weight by the use of thick-walled 
vegetable tissue of hard or leathery consistency 
The former, of which chicory is the type, mcludes 
acorns, beet refuse, biscuits, bran, cereals 
(barley, buckwheat, maize, malt, oats, rye, and 
wheat) , caramel (burnt sugar) , carrots, dande- 
lion root, figs, lupin seeds, mangolds, parsnips, 
peas, beans, and other leguminous seeds, turmp, 
&c , whilst the latter comprise such substances 
as coffee husks, cassia seeds, date stonas, grape 
stones, locust or carob beans, sawdust, vegetable 
ivory dust, &c 

ImiUUion coffee — Although adulteration is 
natuially more juc valent in ground coffee than 
in the beans, yet the latter have been prepared 
artihcially and on a large scale from the above 
adulterants (geneially without any admixture 
of coffee), held together by means of gum, 
molasses, or stiff clay, and skilfully moulded 
into the form of coffee beans 

The detection of the adulterants above 
referred to is best effected by moans of the 
microscope By simply digesting with water, 
a ready means is afforded of diffeientiating 
between the pale soft-walled tissues of cereals 
and roots and the dark- coloured and hard -walled 
tissue of coffee The former may readdy be 
detected and identified by the presence and 
characteristics of their starch, coffee (and chicory) 
bemg practically free from starch The use of 
bleaching reagents is of great assistance m the 
microscopical exammation, and reference might 
usefully De made to the drawings and photo- 
graphs reproduced in the works of Bell, Leach, 
Villiers et Collin, and Wiley, and in the Coffee 
Report of Graham, Stenhouse, and Campbell, 
referrred to below. 

The chemical differences between coffee and 
its adulterants are also strongly marked, as 


mixtures usually give high aqueous extraot^and 
sugar, and low fat and caffeine. The density is a 
useful factor m detecting the sophistication of 
coffee, and, in particular, the artificial moistemng 
of the bernes In the Pans Municipal Labora- 
tory, Regnault’s volumenometer, as modified 
by i)upr6, is used for this purpose. According to 
the French chemists, the density of raw coffee 
varies between 1 041 and 1*368, and that of 
roasted coffee between 0*600 and 0 635. 

By far the most important adulterant of 
coffee is chicory {qv.)y but owing to the public 
preference for an admixture of chicory with 
coffee, it IS now regarded in the hght of an 
adjunct to rather than an adulterant of coffee, 
provided its presence m the mixture is disclosed. 
Chicory has little m common with coffee except 
a considerable proportion of sugar, which is 
converted mto caramel in the roasting, and thus 
imparts to the infusion a bitter taste and aroma 
somewhat resembling that of coffee This and 
the stronger infusion obtained as well as the 
comparative cheapness of chicory and similar sub- 
stances, has, no doubt, led to the present extensive 
use of chicory and other coffee substitutes 

An elaborate research into the natuie of 
coffee and chicory, with a view to the detection 
of adulteration, was made at the instance of the 
(commissioners of Inland Revenue in 1862 by 
some of the leading botanists and chemists of 
the day, viz. Lindley and Hooker, and Graham, 
Stenhouse, and Campbell, and the results, 
chemical and physical, as well as microscopical 
embodied in their reports are of great practical 
value even at the present time 

The following table by Graham, Stenhouse, 
and Campbell, shows the sp gr at 60°F. of 
sulutions made by treating one part of each of 
the substances named (roasted and finely ground) 
with 10 parts of water (by weight), raising the 
mixture to boiling -point, where it is maintained 
for half a minute, then liltermg and cooling : — 

SrEcii'ic Gkavities ok Solutions at 60°F. 

One Part of ^nlblante to 10 Paris of 


Spent tan . . . 1002 1 

Hate stones . . .1 (X)2 9 

Lupin seed .... 1005 7 

Acorns .... 1(K)7 3 

Peas 1007 3 

Mocha coffee . . . 1008 0 

Beans ..... 1008*4 

Neilgherry coffee . . . 1(X)8 4 

Plantation Ceylon coffee . 1008*7 

Java coffee .... 1008*7 

Jamaica coffee . . 1008 7 

Native Ceylon coffee . . 1009 0 

Costa Rica coffee . . . 1009*5 

Parsnips .... 1014 3 

Carrots .... 1017*1 

Black malt .... 1021 2 

Turnips . . . 1021*4 

Rye malt .... 1021*6 

English chicory . 1021*7 

Dandehonroot . . . 1021*9 

Red beet .... 1022*1 

Foreign chicory . . . 1022*6 

Guernsey chicory . . . 1023*2 

Mangold wurzel . . . 1023 6 

Roasted figs . . . 1024*9 

Maize .... 1025*3 

Bread*Vaspings . . . 1026*3 
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It will be seen from the above table that the 
low sp.gr. of the coffee infusion distinguishes 
it from the roots and cereals, and when chicory 
IS the only substance admixed with the coffee, 
its percentage may be calculated with approxi- 
mate accuracy by a comparison of the density 
of the infusion of the mixture with the average 
densities of coffee and chicory given in the 
foregomg table. 

The same observers lay stress on the relative 
colouring power of roasted coffee and chicory, 
the latter bemg four and a half times as great 
as the former. This property affords a simple 
device for detecting the prasence of roasted 
chicory or other substances containing caramel 
when admixed with coffee. A few grains of 
the sample are placed on the surface of cold 
water m a glass, without stirring, when, if 
roasted chicory or similar substance be present, 
each particle emits a yellowish-brown coloured 
cloud, which IS rapidly diffused in streaks 
through the water till the whole acquires a 
brownish colour, whilst pure coffee gives practi- 
cally no colour to the water in similar circum- 
stances. The chicory readily sinks, whilst nearly 
the whole of the colfee floats. 

If examined under the microscope, the 
sediment of chicory which reaches the bottom 
of the vessel will bo found to exhibit the charac- 
teristic loose, large cells, with dotted vessels 
and branching lactiferous ducts Even to 
the touch the difference is evident, for, whilst 
chicory under these conditions will feel soft 
and smooth, the coffee grams remain hard and 
gritty 

A. Winter Blyth (Foods ; their Composition 
and Analysis, 359) gives the following sum- 
mary of the influence of chicory on the coffee 
mixture ; — 

(1) It decreases the gum, the latter seldom 
rising m chicory to more than 15 pc, whilst in 
coffee it has not been found less than from 21 
to 28 p c. 

(2) It increases the sugar, roasted coffee 
having seldom so much as 2 p.c. of sugar ; 
whilst clncory, when roasted, has at least 8 or 9 
p.c 

(3) It decreases the fatty matter, the fat of 
chicory ranging from 1 to over 2 p.c., that of 
coffee being about 14 to over 20 p c. 

(4) It decreases the tannic and caffeotannic 
acids, chicory being destitute of tanmn. 

(5) It decreases the caffeine, chicory pos- 
sessing no alkaloid. 

(6) It profoundly modifies the constitution 
of the ash, especially by introducing silica, 
which is not found to any groat extent m coffee 
ash. 

Graham, Stenhouse, and Campbell laid stress 
upon the presence of silica as a means of detec- 
tion of the admixture of chicory. Their 
analysis, showing the principal differences in 
the composition of the respective ashes, gives : 


In coffee ash In chicory ash 


Silica and sand 

— 

10 69 to 

35 85 

Carbomo acid 

14-92 

1-78 „ 

3 19 

Ferric oxide 

. 0-44 to 0-98 

313 „ 

5*32 

Chlonno 

. 0-26 „ Ml 

3*28 „ 

4-93 


There is a marked difference in the propor- 
tion of ash soluble in water, that fretn coffee 
VoL 11.— T. 


amounting to from 75 to 85 p c , and in chicory 
from 21 to 35 p c. 

Negro or Mogdad coffee consists of the seeds 
of Cassia occidentalis It contains no caffeine 
nor starch, and its infusion more nearly ap- 
proaches the character of genuine coffee than 
any other known coffee substitute 

Mussaendar coffee is derived from the 
seeds of Oaertnera vagtnata It contains no 
caffeine 

French coffee is a description commonly 
applied to a mixture of coffee with burnt sugar 
and a large proportion of chicory. As the latter 
ingredients readily absorb moistuie on exposure 
to the air, such mixtures are usually preserved 
in tins. 

Various fraudulent coffee substitutes have 
been imposed upon the public by specious 
advertising under fancy namos, and as possessing 
certain desirable qualities not found m coffee. 
Such are Knmt ka ffee^ consisting of roasted roots 
or cereals, and often moulded into the form of 
coffee beans ; Pelotas coffee and Coffee surrogate^ 
made from ground acorns , Date coffee from date 
stones, or torrified dates mixed with a small 
proportion of coffee ; and many others. 

The grosser forms of adulteration above 
referred to are much more prevalent in the 
coffee-drinking countries of the continent of 
Europe and in the United States of America 
than in the United Kingdom. J. 0. 

COGNAC V Brandy. 

COHUNE NUT FAT. The nuts of the 
Cohune Palm [Aitalca coMme), indigenous to 
British Honduras, yield from (>5 to 72 p c. of 
a white solid fat resembling coco-nut oil vSp gr 
at 100715 5° 0 808 to 0 871 ; acid value 1*2 to 
20 4 , saponification value 252 4-250 5 ; iodine 
value 1 1 0 to 13 7 ; Hehner value 87 7 ; Beichert- 
Meissl value 6 8 to 8 3 ; Polenske value 12*5 and 
15 4. Solidifying point of fatty acids 19 7°- 
210° (Bull. Imp. Inst. 1913, 11, 226; 1914, 
396). 

XJOKE MANUFACTURE AND THE RE- 
COVERY OF BY-PRODUCTS. 

Introduction — Previous to the early nineties, 
practically the whole of British metallurgical 
coke was made in the old beehive oven, which, 
as will bo seen from what follows, is a semi- 
combustion process, involving the loss of the 
whole of tho gas and by-products, together with 
a portion of the possible coke yield With the 
gradual disappearance of the old prejudices 
against coke made in by-product ovens, the 
latter and much more economical proce^ss began 
to assert itself, and in 1898, 1*25 million tons of 
coal were being carbonised in by-product coke 
ovens , in 1905 the quantity of coal so treated 
reached 3*31 millions ; and in 1916, about 
14 60 millions Meanwhile, the number of 
beehive ovens in operation had decreased from 
16,037 in 1910, to 6892 in 1916 According to 
figures published by the Coal Conservation 
Committee at the end of 1917, some 8700 by- 
product ovens were in operation m Great 
Britain (of which 8000 were fitted with benzol 
recovery arrangements) with a total carbonising 
capacity of 17 5 million tons of coal per annum. 
In 1917, 166,354 tons of ammonium sulphate 
were produced m Bntish coke-oven plants. The 
practice of by-product recovery nad become 
universal in Germany years ago; whilst in the 

Y 
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United States the by-product plants, either 
building or in operation at the end of 1917, 
wore capable of producing 24 million tons of 
coke* per annum. In view of this rapid adoption 
of the by-product coking process in all these 
countries, the following article will be confined 
to a description of modern coking methods viewed 
chiefly from a by-product standpoint, with 
only a passing reference to the wasteful beehive 
process. 

History of the hij-prodvet coking process — 
The earliest reference which wo can find of any 
observation being made on coal as a source of 
by-products is that contained in the memoirs of 
Johann Joachim Bechcr, dating about the end 
of the 17th century , Bechcr states that he 
has found means for treating coal ‘ so that it no 
longer smoakes nor stinks,’ and in doing so 
made a tar equal to the Swedish. 

The use of coke in iron smelting became 
general within 50 years of Bccher’s discovery, 
and a French metallurgist, l)e Uonsanne, de- 
scribes a process working at Sulzbach near 
Saarbrucken prior to 1708, where coal was coked 
for iron smelting, tar being recovered as a by- 
product , Stahl IS said to have been the inventor 
of this process, and ho produced therefrom 
an ‘ oil,’ bitumen, sal-ammomac, and lamp- 
black. 

In 1781 Archibald, Earl of Dundonald, was 
granted a patent for ‘ allowing coals to burn oi 
Ignite without flaming, so by their own heat to 
throw off the tar or oils that they contain ’ 
Dundonald stated that the only method whereby 
tars could be obtained pnor to his discovery, 
was by a distillation m closed retorts, where 
the admission of external air was prevented, 
and where other coals were required for heating 
besides the coal contained m the closed vessel 
It IS interesting to note that Dundonald was 
perfectly aware of distillation in closed retorts, 
which IS the basis of modern by-product 
coking methods, and it is also evident that 
his knowledge of closed retorts was 16 years 
previous to the introduction of coal gas for 
street and household illumination in 1797 

In 18.38 Frederick Neville obtained protec- 
tion for an invention which consisted in heating 
ordinary gas retorts by the waste heat from 
beehive coke ovens, the distilled gases from the 
retorts being passed though condensing and 
scrubbing appliances William Newton, in 1852, 
introduced the use of an aspirator^or pump for 
withdrawing the gases from coke ovens through 
condensers and rubbers Newton likewise 
mentions the use of acids for removing the 
ammonia from the gases. In 1860 W. H 
Kingston patented a coke oven provided with 
external furnace, from which the heat evolved 
by the combustion of an auxiliary supply of 
coal was conducted round the oven through a 
system of flues ; the evolved gases were passed 
tnrough a series of pipes and condensing vessels 
for the recovery of the by-products Kingston’s 
patent is especially noteworthy, since he recog- 
nises that the true method for the recovery of 
by-products fiom coal lies in heating the coal in 
closed chambers, and not in chambers to which 
air is adnutted 

With regard to Continental practice, in 1850 
M M Pauwels and Dubouchet, and in 1862, 
Pemelot, introduced systems of carbonising 


coking coals in long rectangular chambers, 
heated fiom below by the regulated combustion 
of part of the gas in flues specially constructed 
under the floor, for the purposes of manufacturing 
metallurgical coke and removing tars, oil^ and 
ammonia The Pernelot system was tried in 
the north of England in 1870, but the coke 
produced was too soft for metallurgical pur- 
poses 

In 1856 Knab erected a coal -distillation 
[)lant at Commentry, on the closed-retort 
system with bottom flues, but made no attempt 
to recover by-products Later Knab was joined 
by Carv6s, who (1866-1873) introduced 
improved methods of heating by side flues m 
addition to the bottom flues, thus obtaining a 
more even distribution of temperature and a 
quicker rate of carbonisation Carv^'S likewise 
utilised the gases (from which the by-products 
had been extracted) m the side- wall flues, m 
addition to the auxiliary coal as employed by 
Knab The Knab -Carves ovens at Commentry 
izave the following results — 


Large coke 

. 70 00 

Breeze 

. 1'50 

Dust 

. 2 50 

Graphite 

0 50 

Tar 

4-00 

Ammoniacal liquor 

9 00 

Gas 

10 58 

Loss 

1 92 


100 00 


I Further plants on the Carves system were 
erected at Besscgcs and Terre-Moire, near St. 
Etienne, between the years 1866 and 1873, and 
were still further improved , the Carves ovens 
working at Besseges in 1880 were built with 
carbonising chambers only 24 inches wide, to 
facilitate rapid heat penetration and quick 
carbonisation In 1881 Mr. H. Simon of 
Manchester introduced a lecuperator, whereby 
the air necessary for tlie combustion of the gas 
in the Ride-wall flues of the Carves oven was 
preheated by the waste gases escaping from the 
flues, and thus the rate of carbonisation was 
still further increased, the combined work of 
the two investigators resulting in the well- 
known Simon-Carv^s oven, which may be held 
to be the precursor of the modern by-product 
coking retort 

Following on the success of the Simon- 
Carv^R procasR, other coke-oven patents wore 
filed, VIZ Semet-Solvay, 1880, Hussener, 1881; 
Lurmann, 1882 ; Otto and Brunck, 1883 , but 
although development was rapid on the Con- 
tinent, little was done in this country before 
the nineties, owing to the prejudice of iron 
smelters against by-product coke ; that this 
prejudice has now disappeared will be seen from 
the rapid adoption of the process, indicated by 
the figures at the beginning of this article. The 
by-product coking plants which have generally 
found acceptance in this country are the Otto- 
Hilgenstock, Simon- Carves, Koppers, Semet- 
Solvay, Simplex, Copp6e, and Hussener. 

Non-hy-product and hy-product ovens com- 
pared . — Prior to the establishment of the by- 
product coking process, the type of oven univer- 
sally employed was that known as the beehive. 
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This ovon (Fig 1) consists of a fireclay chamber, 
beehive shajie in elevation and circular in*jilan, 
provided with a loose brick charging door at 
ground level, and with an exit flue in its crown 
tor carrying the waste gases to the chimney. 
The ’coal is charged into the oven by spades, 
through the charging door, to a height of 
2 feet 6 inches to 3 feet, is then ignited, and the 
charging door bricked up and plastered, a small 
hole 6 inches square being left for the admission 
of air. The upper layer of the coal burns and 
sets up distillation of the under layers, the 
evolved gases passing upwards and burning 
in the dome of the oven, with the air drawn in 
at the door. The dome is thus soon heated 
up to a high temperature, and by radiation 
powerfully assists in carbonising the charge of 
coal below. This operation of distillation and 
immediate combustion proceeds until the whole 
of the volatile constituents of the coal have 
been evolved, which for a 10-ton charge occupies 
70 hours. The coke is then quenched with 
water and withdrawn by rakes 

It will be seen that by this process, the whole 
of the volatile products, that is to say, benzols 
and ammonia together with the permanent gases, 
are burned immediately they are evolved within 
the coking chambers itself ; further it is not 
possible to so regulate the combustion of these 
gases without burning a portion of the coke 
in addition ; in actual practice, from 15 to 
20 p 0 of the coke is burned to waste For 
the reason, too, that the coke ls quenched 
inside the oven, the temperature of the latter is 
lowered, so that before the next charge can be 
coked, considerable expenditure of heat is 
necessary to raise the oven to coking tempera- 
ture. The removal of the coke by hand-rakes 
IS also tedious and expensive 

With the object of overcoming the mam 
drawbacks of the beehive oven, Cojipce intro- 
duced a non-by-product retort of rectangulai 
form, from which the coke could be discharged 
en hloc by a ramming machine and quenched 
outside the oven, thus expediting the operation 
and greatly increasing the yield In (’opp6e’s 
oven (B'lg. 2) the gases evolved fiom the coal 
are drawn into flues m the side walls where 
they are burned, and in this way com- 
bustion within the coking chamber and loss 
of coke, as occurs in the beehive oven, is 
avoided. 

The by-product retort (Fig 3) is built on the 
same lines as the Copp^e, that is to say, it is 
a rectangular chamber heated by flues in the 
side walls, and the coke is discharged by a 
ramming machine ; the essential point of 
difference lies in the fact that in the Copp6e 
the whole of the gases containing the by-products 
are drawn immediately they are evolved into 
the side-wall heating flues, where they are 
burned ; in the by-product retort, the gases 
and products are drawn from the oven through 
cooling and washing plant for the recovery of 
the tars, ammonia, and benzol, and the perma- 
nent gas only is burned in the flues after the 
said products have been extracted. In the 
Copp4e, the whole of the permanent gas is 
burned in the heating flues ; in the by-product 
oven, only one-half to two -thirds of the gas is 
utilised in the flues, the remainder being avail- 
able for heating or power purposes. • 


The following diagrams illustrate the essential 
differences m the three types of oven 




RETORT. 


It will be seen, therefore, that m addition to 
effecting the theoretical coke yield, and a large 
output, the by-pioduct retort yields valuable 
by-products and a considerable yield of power 
or heating gas The aveiage yields (calculated 
upon 100 parts of dry coal) of coke and by-pro- 
ducts obtainable from British coking coals of 
cbfferent ongin by the most uji-to-date methods, 
are approximately as follows — 


Origin 

Coke 

Aiihyd 

tai 

Cl ude 
benzol 

Ammo- 

nium 

sulphate 

Durham 

75 0 

3 85 

0 93 

1 16 

South Yorkshire 

70 0 

3 62 

1 37 

1 36 

Lancashire 

70 0 

3 60 

1 20 

1 25 

South Wales 

80 0 

2*62 

0 60 

0 96 

Scotland . 

1 

68 0 

3 25 

0-70 

1 00 


The by-product piocess described in detail — 
The by-product letort usually measures from 
30 to 33 feet m length, from 6 feet 9 inches to 
7 feet 6 inches in height, from 17 to 22 inches 
in width, and is built in batteries of from 25 to 
60 ovens, capable of carbonising from 100 to 360 
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Table showing the Return from carbonising ^ Lancashire Coal containing 30 p.c. 
Volatile Matter, i.e a Theoretical Coke Yield of 70 p.c. in the Three Types of Oven. 


Beeliive 

Copp6e 

By-product retort 

Combustion within coking 

Coking chamber heated ex- 

Coking chamber heated ex- 

chamber, quenching inside 

ternally by gas from which 

ternally by gas from which 

oven 

by-products not extracted 
quenching outside oven 

by-products have been ex- 
tracted : quenching outside 
oven 

Yield of dry coke = 50 p.c. 

70 pc. 

70 p 0. 

„ tar — 

4 0 to 4 5 p c. 

„ sulphate of ammonia 

— 

1 0 to 1 2 p c. 

„ benzol — 


2 5 to 3 0 gallons of crude 
benzol tci^tmg 62 p.c. at 
120° per ton of coal 

Waste heat — 


In most cases not utilised 

Always utilised • equal to 1 ton 

Always utilised . equal to 1 ton 

but approximately equal to 

of water per ton of coal 

of water per ton of coal 

0 75 ton of water evapo- 
rated per ton of coal 
carbonised 

carbonised | 

1 

1 

1 

carbomsed 

Surplus gas if required for 
other purposes than steam 
raising, e g gas engines or 
furnaces, 3000 to 5000 
cubic feet per ton of coal 

Amount of coke produced per 

1 

oven per week ~ 7 to 1 0 tons 

24 to 2b tons 

1 

24 to 26 tons 





tons of coal per day. Each oven is provided 
with cast-iion or rolled-steel doors at each end, i 
lifted by a small crane whenever an oven is i 
discharged, and with three holes m the roof | 
through which the coal is charged into th6 
oven from tlie charging hoppers , a fourth hole 
IS provided, through which the gases are led to 
an ascension pipe from which they pass to 
the by-product jilant The oven linings and 
combustion flues are constructed of sihcious 
firobiicks eontaimng from 80 to 84 p c. of silica, 
from 13 to 18 pc of alumina, and 2 pc of 
other constituents (iron oxide, lime, magnesia, 
and the alkalis) In the United States, how- 
ever, silica bricks (Si02=94 p c ) are extensively 
employed They are supei lor in heat conductivity 
to a more aluminous bnek, but aio less satis- 
factory when ‘washed ’ coals (containing say 
10 to 15 p c water) are being coked The design 
of the heating flucii constitutes the mam difference 
between the various type^ of oven ; the Simon- 
Carvi^s, Semet-fciolvay, Hussener, and Simplex 
containing horizontal flues, theOtto-HiIgenstock, 
Otto-Hoffmann and Koppers prefer vertical flues 
(Figs 4 and 5) In all cases the air required 
for the combustion of the gas in the heating 
flues IS preheated either by passing it through 
recuperators in which it travels through a system 
of flues situated alongside the waste gas flues of 
the oven, or through regenerators similar to 
those employed in open-hearth steel furnaces, 
where the hot waste gases and air are alternately 
taken over the same surface (Fig 6). Where a 
large supply of surplus gas is desired from a 
colang plant, the regenerative method of pre- 
heating the ah* IS to be preferred, since it is 
more effective and less gas is required for heating 
the flues ; the amount of surplus gasTavailable 
from a Lancashire coal containing 30 p.c. of 
volatile matter, may be taken at 2000 cubic feet 
per ton, where recuperative heatmg is employed. 


I and 5000 cubic feet per ton where regenerativcs 

: are used 

I The coal is generally charged into the ovim 
through the crown from small hoppers, carrying 
the coal on rails from the storage bunker, 
the coal flowing into the oven being levelled by 
hand-rake or levelling machine In cases whore 
the coal employed is not of a stiong coking 
character, the fuel is stamped into a solid cart- 
ridge in a compressing machine and charged 
into the oven en bloc through tlie end doorway, 
The coke is discharged from the oven by a lam, 
generally electiieally driven , often the levelling 
machine or compressor is built on the same 
carnage as the ram, and driven by the same 
motor The coke is received from the ovens 
on a sloping bench, where it is quenched with 
water, and from which it slides into lailway 
trucks, furnace barrows, or a conveyor The 
heating flues of each oven discharge into a 
common flue, which leads the waste gases m 
the case of recuperator types to steam boilers ; 
with regenerator- ovens, the gases are led direct 
to the chimney stack The gases distilled from 
the coal collect above the level of the fuel and 
pass forward to the ascension pipe or stand 
pipe, which delivers the gas into the tar or 
hydraulic main, which receives the gases from 
the entire battery. A valve or damper is pro- 
vided on each ascension pipe for shutting off 
each oven whilst the latter is being discharged 
and recharged In the tar or hydraulic mam 
the heavier tars or pitches are deposited, and 
in the ‘ dry ’ typers of mam, it is necessary to 
pump the thinner tars made at a later stage 
of the cooling, through the mam to clear the 
pitch and prevent stoppages. 

In the older systems of by-product recovery, 
which are now being rapidly superseded by 
more ‘ direct ’ methods (q v ), the gases are 
drawn ffom the mam by an exhauster (either 







-Regenerative Vertical-flued Coke Oven: the Otto-Hilgenstock 



COKE MANUFACTURE AND THE RECOVERY OF BY-PRODUCTS 


steam or electncally driven), a Root’s blower, 
or some form of aspirator, through coolers. 
These coolers are either plain pipes or cylmders 
offering a large amount of atmospheric coolmg 
surface, or are water-cooled chambers , in 
these condensers, the bulk of the romammg 
tar, together with the greater proportion of the 
ammonia hquor, is precipitated. From the 
condensers, the gases pass into tho exhauster 
or aspirator, which then delivers them at a 
pressure into a tar-fog oxti actor This vessel 
is employed to remove the last traces of tar 
which exist in the gas in an extremely fine i 
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state of division, and which no amount of 
cooling would remove The tar extractor, of 
which the Pelouze Andouin and Livesay are 
types, operates by dividing tho gas into numerous 
thin streams by means of very small gas pivssages, 
the agglomeration and removal of tho tar 
pai tides being effected by tho wire di awing and 
friction thus afforded. 

From the tar catcher the gases pass into the 
amrnoma sciubber, whore tho last of the ammonia 
not recovered by the condensem is removed by 
contact with weak ammonia liquor and water. 
The types of aminoma scrubber generally em- 



Fia. 7 . — Showing arrangement of Gas Coohing, ScRUBBiNa of Sulphate of Ammonia 

Plant, Ojh> Methoo. 

A, Oven H, Liquor feed to snubber N, Cooler for sulphate plant R, Lime feed to still. 

B, Hydraulic mam J Tar pump to stole waste gases S, Satuiator 

C, Condensers or coolei H K, Liqiioi pump to sulphate O, Superheater T, Sulphate draining table, 

D, Tar catchei (Pelouze) plant P, Puriliers for sulphate TI, Mothei liquor well 

E, Exhauster. L, Tar and ammonia-liquor plant waste gases V, Spent llcmor outlet 

F, Scrubber tank Q, Ammonia still W, Spent liquor settling 

G, Return main to ovens M, Liquor feed to still tank 


ployed are similar to those employed at gas 
works, and are either of the tower or rotary 
form. In the tower scrubber, the gases pass 
upwards through a mass of coke or other open 
matenal, meeting a downward current of water 
or ammonia liquor pumped in at the top. In 
the rotary scrubber, the gas is caused to im- 
pinge on revolving brushes or circular wooden 
screens, which dip into the water or liquor in 
the lower half of the vessel, and pass upwards 
with wet surfaces into the upper half of the 
scrubber, where the gas is circulating, and solu- 
tion of ammonia is attained. The gas then 
passes forward to the benzol scrubber, which is 
constructed on similar lines to that employed 
for amrnoma removal, creosote or •anthracene 


heavy oil being employed for the solution and 
recovery of the benzol vapour. 

The gas having been freed from its tar, 
ammonia liquor, and benzol, is then passed 
forward to the ovens, where it is fed into the 
heating flues, the surplus being passed forward 
to boilers, gas engines, or gas holder 

The tars and ammonia liquors made in the 
hydraulic main, condensers, tar catchers, and 
amrnoma scrubber are collected and run into 
separators or tanks, where the denser tar settles 
to the bottom, is withdrawn and despatched to 
the tar stores. The liquors which remain 
above' the^tar are run off to the sulphate of 
ammonia plant, where tho liquor is pumped 
into overhead store tanks, whence it is allowed 
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to flow by gravity through a preheater (heated 
by the waste gases from the sulphate plant), 
and thence mto a distilling column, where it 
flows downwards, meeting in its travel an up- 
ward current of steam, which hberates the fiee 
or combined ammonia. In the lower half of 
the still, milk of hme is mixed with the liquor 
for the liberation of the ammonia from the hxed 
salts ; the whole of the ammoma, together with 
steam, sulphuretted hydrogen, carbonic acid, and 
hydrocyamc acid, pass upwards through the 
still and into a lead-lined vessel called the 
saturator, containmg sulphuric acid. The am- 
moma combmes with the acid to form ammo- 
nium sulphate, which, when the hquor in the 
bath becomes saturated, crystallises out and is 
removed either by copper scoops, a valve, or 
by a steam injector. The sulphuretted hydro- 
gen and other gases pass from the saturator 
to the preheatei, where they serve to heat the 
liquor j^assmg to the still ; thence the gases 
tiavel to a condenser where they are cooled, 
and afterwards to purifiera where the sulphur- 
etted hydrogen is removed by oxide of iron 
I The waste liquors, which should not contain 
more than 0 01 p.c ammonia, are run mto the 
sewers or watei courses, and are a frequent 
source of trouble to the nvor boards. By the 
I Otto- Hilgenstock method of by-product re- 
covoiy, to be described later, the production of 
these waste bquors is entirely obviated. 

The recovery of crude benzol from its solution 
m creosote or anthracene oil is effected in a 
distillmg column somewhat similar to that 
employed for the recovery of ammonia from 
liquor, the heatmg of the solution of benzol in 
the absorbent being effected by wet steam 
assisted by dry steam The vapours, steam, 
and benzol pass from the top of the still to a 
water-cooled coil, where they are together 
condensed, the condensates being separated 
by leason of their different densities The 
grade of crude benzol thus obtained varies 
with the class of absorbent oil employed ; with 
creosote, 62 p c of the product distils at 120°, 
with anthracene oil the benzol is iicher, 80 p.c. 
distilling at 120°. For the rectihcation of 
crude benzol, the product is washed successively 
with strongest oil of vitriol, water, and caustic 
soda, and redistilled. 

Direct Recovery Systems — Two successful 
attempts have been made to simphfy the old 
system of treatment of eoke-oven gases for the 
recovery of ammonia, viz the inventions of the 
Kopi>ers and Otto- Hilgenstock Coke Oven Com- 
pames. Koppers treats his gases by the old 
system up to the point of the tar-fog extraction 
He then reheats his tar-free gas by passing it 
m pipes surrounded by the not gases coming 
from the ovens in an apparatus called a heat 
exchanger, and then passes the heated gas direct 
into a sulphate saturator, mto winch is likewise 
passed the ammoma from the liquor made in 
the condensers, which is distilled in an ordmary 
ammonia still. In short, Koppers abolishes the 
usual ammonia scrubber and substitutes the 
sulphate saturator, thus making his sulphate 
direct on the gas mam (Fig 9). By thus usmg 
the sulphuric acid in the saturator for scrubbing 
out the ammoma, Koppers dispenses with the 
water utilised m the old scrubber, thereby re- 
ducing the total amount of hquor produced, and ' 
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effecting an economy in the amount of steam 
required in the ammoma distillation. 

A more extensive simphfication is effected 
bv the mvention of the Otto-Hilgenstook Co 
oi Dahlhausen, who dispense entirely with the 
old condensing plant and remove the tar from 


the gases by means of a tar spray at a tempera- 
ture above the dew-point of the liquors I’he 
tar-free gases then pass direct into a saturator, 
where the whole of the ammoma is caught by 
sulphuric acid. The gases issuing from the 
saturator still contain their liquors in steam 



A, Oven. 

B, Hydraulic main 
(\ Heat excharigei 
B, Uondeii'^era 

E, Exhauster 


Fig. 9. — Koiters’ By-product Recovery Process. 


F, Tar extractor 

G, Liquor pump to still. 

H, Feed tank to still 

I, Liming chamber 


J, Ammoma still 

K, Saturator. 

L, Acid spray catch-box. 

M, Tar store tank 


N, Tar of liquor receiving 

tank. 

O, Liquoi tank 

P, Pump delivering tai to 

railway trucks. 


form, and the whole passes forward to the oven- 
flues, and the offensive and troublesome waste 
liquors are thus got rid of The Otto systc'm, 
by abolishing the condensing plant, liquor tanks, 
ammonia stills, lime mixers, and pumps, waste 
liquor tanks, &c , eifects a great economy in 
ground space It likewise saves nearly the 
whole of the steam required to distil the 
ammonia hquor made by the old condensing 


process, and, by passing the whole of the 
ammoma through sulphuric acid, losses of 
ammoma, which are liable to occur in the old 
process of ammoma liquor distillation, are 
rendered impossible The ammomum sulphate 
made by the Otto direct- recovery, tests from 
25 to 25 5 pc of ammoma, and contains only 
the merest traces of tar, viz 0 05-0 1 fi c 
(Figs 10, 11, and 12). 



A, Tar-spray F, Saturator J, Tar store M, Pump deliveiiug cou- 

B, Tar-s pi ay receiving tank G, Acid spray catch-box K, Tar spray overflow densmgstosatuiator 

C, Tar-spray pump. H, Mother liquor return tank N, Pump delivering tar to 

D, Tar-spray feed pump. pipe. L, Condensing tank railway trucks. 

E, Exhauster 

Modern Methods for the Recovery of situation prevents all fear of any acid spray being 
Naphthalene and Benzols. earned over from the saturator) and on to the 

Recovery of Naphthalene . — The gas from the naphthaleneextractor and spray coolmg tower, h 
Jaturator, which is now freed from both ammoma (Fig. 13.) This tower is quite devoid of any 
ind tar, but still contammg the benzol, moisture filling or appai atus, but at the top there are 
ind naphthalene, passes through a lead-hned i several jets through which cold water is sprayed 
latch pot (not shown in the diagram^ but whose I at high pressure. The action of this mass of 
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finely- divided cold water beating suddenly on 
to the hot gas produces a rapid chill, which, 
together with the concussion brought about by 
the water, precipitates and washes out practically 
all the naphthalene, which flows away along 
with the water into a catch tank beneath this 
apparatus. The naphthalene is filtered off 
wliilst the water can be cither allowed to flow 
away, or re-cooled and used over again con- 
tinuously, as ciicumstances permit This towei 
also serves the purposes of cooling the gases. 
It IS necessary to extract the naphthalene, 
otherwise it would pass on to the benzol scrub- 
bers, where it would be dissolved by the benzol 
wash oil, which would very soon become 
saturated with naphthalene and lendercd useless 
for the purpose of collecting benzol The 
naphthalene thus extracted is of a pale yellow 
colour, and is readily sold in this countiy for 
50.1 a ton, which more than pays the cost of 
running this part of the plant. 

Recovery of Benzols . — The gas now being 
cooled but still contaimng the benzol, passes 
through the exhauster, k, and a second water 
cooler^ li, and thence to the benzol scrubbers, mm, 
which vaiy in number according to the size of 
the plant (Fig. 13). These scrubbers are from 
about 50 to 70 feet high, the lower portion 
formmg a reservoir for the circulating benzol 
wash oil, and the remaimng portion being filled 
with wooden gnds. Benzol wash oil is con- 
stantly circulated downwards over these gnds, 
the gas havmg to pass upwards through them 
By this means the gas is brought into very 
intimate contact with the oil, with the resulting 
absorption of the benzol After leaving these 
scrubbers the gas passes either wholly back to 
the ovens, or m the case of regenerative ovens 
about one-half of it returns to the ovens, and 
the other balf is used either for firmg boilers, 
town lighting, operating gas engines, or any 
other purpose 

A fuller account of the process is given in a 
paper by Mr. E Bury before the Institution 
of Mining Engineers in the year 1914, from 
which the following temperatures of a plant 
at New Brancepeth Colliery (Co Durham) are 
taken : — 



Cent 

Hydraulic main 

225^^ 

Before tar extraction 

86° 

After „ ,, 

58° 

In saturator .... 

67° 

After „ . . . 

58° 

Aftei exhauster 

66° 

Distillation and Rectification, of 

Benzoh — 

The wash oil ’ contaimng the benzols in solu- 
tion IS sent on to the continuous crude benzol 


still, N (Fig. 14), where, after being pro-heated 
by the hot vapours coming away from the still, 
it passes downwards over a series of trays. 
Dry steam at about 100 lbs pressure, reduced, 
however, at the still to 10 lbs. pressure, is 
delivered into the bottom of the apparatus, and 
passing upwards bubbles through the wash oil 
liberating the benzol hydrocarbons which it 
carries over into the condenser, p. Here the 
steam and benzols are condensed, and the con- 
densed water and oil separated The crude 
benzol then either passes into a storage tank, or 
(if its rectification is to be earned out) into the 
‘primary rectifying still,’ s. The debenzolised 



Fto. 12 . — Otto-Hilgenstock Direct Recovery Plant erected for the Skixntx grove Iron Co 
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* wash oil ’ leavinsj the crude benzol still is 
assed through the refrigerator, r, whence, after 
emg cooled down to the atmospheric tempera- 
ture, it IS sent into the ‘ oil storage tank,’ t, 
and from there it is used over again m the 
benzol scrubbcra 

The crude benzol ls first of all fractionally 
distilled in the primary rectifying still, s, 
3OOO-0OOO gallons capacity and mtorrmttent m 
its working, m which it is heated under high 
pressure by means of steam coils, and, with the 
aid of a long dophleg mating column, it is 
separated into — 

(1) Crude 00 p c Benzol 

(2) „ 90 „ Toluol 

(3) „ 90 „ Xylol 

(4) „ 90 „ Solvent naphtha 

Each of those fractions is separately condensed 
and pumped into a large vessel, v, termed the 


agitator, where it is successively treated with 
{a) pure strong sulphuric acid, and (6) a solution 
of caustic soda, in order to remove all resinous, 
basic, or acidic substances. Each of the 
‘ wished ’ fractions is finally refractionated 
under reduced pressure in the ‘ secondary 
rectifying still,’ w, and the redistdled resulting 
fractions, after condensation, are sent forward 
into their respective storage tanks, xyz, ready 
for transport 

Other firms {e q the Simon-Carv^s and the 
Simplex Companies) have also adopted efficient 
‘ direct recovery ’ processes, on much the same 
lines as the Otto process just described, the 
chief difference between them being in the 
precise mechanical arrangement for the removal 
of tar and tar fog from the hot gas before it 
enters the saturator where the ammoma is 
absorbed.^ 

Alcohol fro7n Coke Oven Qas — Attention 



Fig 13. — Otto Direct Recovery Process (Benzol Recovers ) 


sliould hole bo drawn to the successful process 
wuikcd out by E Buiy and O. Ollander at the 
8kinningrovo Jionwoiks for the absoiption of 
the ethylene m coke oven gas by cone H2SO4 
(forming ethyl hydrogen sulphate), and its sub- I 
sequent recovery thoiefiom as ethyl alcohol I 
The process, which is fully dcseiibed in the | 
Coal and lion Shades Review for December, 
1919 ((/ r ), consists essentially in (a) absorbmg 
the C2H4 from the dried, debenzolrsed, and 
il2S-free gas by means of 95 p c II28O4 m a 
senes of towers, on the counter- current principle, 
at a temperature between d0° and 80®C. ; and 
subsequently (6) treating the strong acid con- 
taining the ethyl hydrogen sulphate with a 
cuiTcnt of steam in a special form of distilling 
column, so as to dilute it to between 70 and 75 
p.c. strength, thereby also hydrolysing the 
ethyl hydiogen sulphate and liberating the 
resultant ethyl alcohol, which then distils over. 


and IS condensed. The whole proce^ss is worked 
in a continuous cycle, the diluted acid being (c) 
reconcentratod to 95 p c. strength in a Guilland 
‘ concentration tower,’ and then being re- 
used for extracting ethylene from the gas A 
notable feature of the process is that the small 
amount of SOg formed by the reducing action of 
the geus upon the hot cone. H28O4 m the absorp- 
tion towers is subsequently utilised to remove 
H2S from the gas by the well-known reaction 
2 H2S-bS02=2H204-3S, so that all the S con- 
tained as H2S m the gas is removed and recovered 
fiom it without the employment of elaborate 
‘ iron-oxide ’ or other purifiers. From the gas 
(contaming between 1*76 and 2 26 p c. ethylene) 
evolved in earbonismg a typical Durham coking 
coal in regenerative ovens, with the ‘ direct ’ 

1 S'3e a paper on Recent Developments in Ry- 

S roduct Coking, by Mr G. Blake Walker. (Proc. Inst. 
Ivil Engineers,' 1917.) 
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system of recovering tars, naphthalene, ammonia, 
and benzol, it is claimed to l>e possible to obtam 
about 1 5 gallons of 95 p.c. ethyl alcohol per 
ton of coal at a present-day cost not exceeding 
one shilling per gallon. 

Utilisation of Coke-Oven f^cw.-rThe composi- 


, tion of the surplus gas obtained m working 
the process depends somewhat on whether it is 
‘ dobenzolised ^or not, as well as on the character 
of the coal carbonised, but for gas fiom a 
typical Durham coking coal it would be ajiproxi- 
mately as follows — 

Gross caloulio 
value B Th U 

(1) Without ‘i'!w ami 

benzol CO2 CO C„ir„, CIT4 112 N2 76O mm. 

recovei y 2 T) 6 5 3 2 28 0 48 0 1 1 8 530 

(2) ‘ Debenzo- 

hsed ’ 2 5 0 5 2 0 25 0 55 0 9 5 485 

With a regenerative oven giving 5000 cubic 
feet of such surplus ‘ debenzolised ’ gas per ton 
of coal carbonised, the corresponding heat 
' units available for outside purposes would bo 
j 2,450,000 (gioss) and 2,150,000 {net) B Th Us. 

I respectively This gas may be utilised {a) for 
! generating steam in a Bonecoiut suiface-com- 
I bustion boiW with an eOleioney of 02 pc; 
or (6) for generating power m internal combustion 
engines with an elheiency of from 20 to 25 p c 
Wlicic coke-ovens are erected in conjunction 
with blast-furnaces and steel-works, the surplus 
gas is usually mixed with cleaned blast-fianace 
gas, and the mixture used both for generating 
power in gas-engines and also for heating 
purposes in open-hearth steel-furnaces, soaking 
pits, &c. In noth Geimany and America, coke- 
oven gas (after purification m th(‘ usual manner 
from HgS and cyanogen compounds) is exten- 
sively used as a public supply foi domestic 
purposes As long ago as 1910, Pail lament 
granted powci’S for the supply of gas from 
Lord Ellesmere’s Brackley Coke-Woiks to the 
urban district of Little Hulton (Lancs ), under 
a guarantee of a minimum illuminating power of 
14 candles when tested in a No 2 Metropolitan 
Argand burner, and a gioss ealoiilie value of 
550 B Th U per cubic foot at 00°h' and -U) mm 
pressure Its average composition w.i^ ( T) 2 5, 
00=7 0, (yim=3 8, 01U = 31 0, 0 and 

N2=G 7 pc Moio recently, the town of 
Middlesbrough now draws its entire gas sujiply 
from a battery of Otto regenerative o\ens at 
the Newpoit Ironworks Also Leeds takes part 
of its supply from th(' 8imon-0arves ovens of 
the Middleton Estate and Oolhery Co , Lid • 
whilst at the Birmingham (Saltley) Gaswoiks 
a battery of 66 Kopper’s regimerative ovens, 
fired by Mond gas, has been mstalk'd for the 
production of furnace coke and town’s gas 

Literature — W A Bone, Goal and its 
Scientific Uses, (haj) xvi 1918, and G 
Stanley Oooper, By-Pioduet Coking, 1917 ; 
Report of Coal Conservation Committee, 1918, 
pp 79-81. W A B and E. B. 

GOLALIN. vSyn for cholahc acid 

C24H4oO«,H20 

COLATANNINv Tannins. 

COLCHICEiNE COLCHICUM. 

COLCHICUM. Meadow saffron. (Colchiqve, 
Fr. ; Herbstzeitlose, Ger ) Colchcnm avtvrnnale 
(Linn ) ; the corms and the seeds are official 
ill the B P. and U.8 P., the alkaloid colchicinn 
only m the U S.P. The plant is found m 
meadows and pastures throughout Europe, 
where its crocus-hke flowers, usually of a lilac 
hue, occur in September and October, 
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The only constituent of importance is the 
alkaloid colchicine 022 ^ 26 ^ 6 ^* which was re- 
garded as identical with veratrmo by Pelletier 
and Caventou as early as 1820, and was recog- 
nised as a separate individual by Geiger and 
Hesse (Annalen, 1833, 7, 274) Its constitution 
has in part been elucidated, chiefly by Zeisel 
(Monatsh 1883, 4, 162 , 1880, 7, 557 ; 1888, 9, 
1 ; Zeisel and Johanny, ibid. 1888, 9, 865 ; 
Zeisol and Stockert, ihid. 1913, 34, 1327, 1339), 
and more recently by Windaus (Chem. Soc 
Abstr. 1911, 1 . 904 ; 1915, i. 708) According 
to these investigations the formula may be 
resolved into : — 

MeO 

MeOf^— 

Meoi 1 (^oHsO(OMe)NH 00 OH, 

By boiling with 0 2 pc sulphuric acid one 
methoxy group ls hydrolysed and there results 
cohhiceine 02 iH 230 aN, JH 2 O, crystals, m p 139^, 
or anhydrous, m p 172°, which has been de- 
scribed, probably erroneously, as a constituent 
of the plant. Zeisel regards colchiccmo as a 
carboxylic acid ; Windaus, on account of the 
green colouration by ferric chloiide, considers 
it an enol By methylation it is transformed 
back to colchicine, and to N-methylcolchicine. 
Concentrated hydrochloric acid hydrolyses col- 
chicine further, removing the N-acetyl group 
and finally the remaining three methyl groups, 
yielding colchcinic acid Ci(,HnNO(bH)., OH 
Windaus obtained, by permanganate oxidation 
of colchicine, 3 4 5-trimethoxy-o-phthalic and 
succinic acids, and by potash fusion of colchicmic 
acid terephthalic and trimellitic (1*2:4- 
benzenotncarboxylic) acids, which indicates 
that the complex CioHg of the above formula 
contains a (second) benzene ring Iodine and 
sodium hydroxide remove one carbon atom, 
oxidising to C 2 oIl 2 2 ^ftNI» which may be reduced 
to a substance 020 ^^ 23 ^ 5 ^ Colchicine appar- 
ently contains no heterocyclic mtrogen Accord- 
ing to D R P 279999 of Hofimann-La Roche 
and Co tetrahydrocolchicme is formed by 
reduction with hydrogen and palladium ; this 
base IS amorphous and loss toxic than the 
parent alkaloid. 

Properties — Pure dry colchicine usually 
forms a yellowish varnish, softening at 142°, 
and wholly melting at 147° ; but Clewer, Green, 
and Tutin (Chem Soc Trans 1915, 107, 839) 
obtained from ethyl acetate soft, pale yellow 
needles, m.p 155°~157° ; ra]p-121° (0 88 

gram per 100 c.c ) in chloroform, —429° in 
water. Zeisel first crystallised it from chloro- 
form, with two molecules of chloroform of 
crystallisation ; according to Merck (Apoth. 
Zeit. 1916, 31, 399), there are two such com- 
pounds, B,CHCIt and 2B,CHCl3 The crystal- 
line colchicine of commerce is the latter com- 
pound, in which the 14-16 p.c. of chloroform is 
retained tenaciously, and is only given off 
slowly at 100°. According to Merck, pure 
colchicine, dissolved in 3 parts of water, slowly 
crystallises as the hydrate B2,3H20. Colchicine 
has a very bitter taste. It dissolves slowly but 
abundantly in water, readily in alcohol, chloro- 
form, and hot benzene, hardly at all in ether. 
Being an acid amide, it is a very feeble base, 


and one of the few alkaloids which can be 
extracted from acid solution by chloroform. 
Its salts are generally hydrolysed by water ; 
the only orystallmo one appears to be the aun- 
chlonde B,HAuCl 4 , m p. 209°. Dilute mineral 
acids and alkalis colour colchicine solutions 
intense yellow Nitric acid (d. 14) colours 
the solid alkaloid a deep violet, changing to 
yellow, and finally to green (characteristic) 
Tannic acid, phosphomolybdic acid, potassium 
tniodide, and bismuth potassium iodide are the 
most sensitive precipitants ; potassium mercuric 
iodide only precipitates in acid solution. 

Extraction f Toxicological Rt^cognitioVf Assay. 
— These are all based on the removal from acid 
solution by chloroform To prepare colchicme, 
uncrushed seeds are exhausted with 85-90 p c. 
alcohol The extract is evaporated and diluted 
with much water, filtered from fat, and extracted 
with chloroform. The chloroform solution is 
evaporated to the consLstency of olive oil and 
diluted warm with small quantities of alcohol, 
until the whitish masses which separate at first 
again dissolve After cooling to 0° for some 
time yellow needles of the chloroform compound 
separate, which may be suspended in very little 
hot water and decomposed by steam. The 
aqueous solution is then evaporated in vaaud 
On a smaller scale, eg in the toxicological 
recognition, the acid solution is first agitated 
with petrol and then with chloroform The 
residue, after evaporation of the latter solvent, 
IS dissolved in water, and precipitated with 
tannic acid The precipitate is decomposed 
with load oxide and extracted with alcohol or 
chloroform On evaporation the solid product 
so purified can bo tested by the reactions given 
above ; J m g will give the nitric acid test 
{see also Allen’s Commercial Organic Analysis, 
1913, vol vii pp 4-12) 

The assay of colchicum seeds and the esti- 
mation of colchicine is based on weighing the 
residue from a chloroform extract of an acid 
solution, previously washed with petrol (Farr 
and Wnght, Pharm. J. 1891, [m.] 21, 957 ; for 
the assay of conns, v. Lyons, ibid. 1909. [iv.] 
28, 270 , V also the more complicated process of 
the U.S P ) 

The alkaloidal content of the seeds and 
corms varies greatly, mostly from 0 2 to 0*8 p c. 
in the seeds, from 0*1 to 0*5 p c in the corms. 
The Brussels Conference agreed that the seeds 
only should be used The alkaloid occurs to a 
shght extent also in the flowers. It is present 
in other species of the same genus, and also in 
the large tubers of Oloriosa superha, L. (N O. 
Lihacem), common in India and Ceylon (Clewer, 
Green, and Tutin, I c , found 0 3 p.c. of dry 
weight) Perhaps this plant would afford a 
suitable commercial source of colchicine. Col- 
chicum is a specific in acute gout, and an ii^re- 
dient of many advertised gout remedies. It is 
a gastro-intestmal imtant, and may cause 
vomiting and purging. Its degradation and 
substitution products are much less active or 
without action (Fiihner, Arch, exp Path. 
Pharm 1913, 72, 228). G. B. 

COLCOTHAR. The reddish-brown residue of 
ferric oxide formerly obtained in the manufacture 
of fuming oil of vitriol from iron sulphate. 

COLEMANITE, A hydrated calcium borate 
GagB^OnjdHj^* containing 60 9 p.c. boron 
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tnoxide It is found in California at Death 
Valley in Inyo Co., and the Calico district in San 
Bernardino Co ; and although not discovered 
until 1882 and 1883, is now of some importance 
as a material for the preparation of borax and 
boracic acid Cavities in the massive, white 
material are lined with beautiful, water-clear 
crystals witli a profusion of brilliant facets ; 
these are monoclmic, with a perfect, pearly 
cleavage parallel to the plane of symmetry 
They are considerably hardei (11 4-^^) than 
borax , sp gr 2 42. The mineral forms, to- 
gether with other borates and borosilicatos, a 
bed 7 to 10 feet in thickness in sandstones and 
clays 

The compact minerals, 'priceite from Oregon 
and payidtrmile from Asia Minor, have very 
nearly the same composition (CagBjgOgsjOHgO), 
and they have been regarded as impure, massive 
varieties of colemamte. E S. Larsen (1917) 
has, however, by an examination of the optical 
characters eatablrshed the identity of priceite 
and pandermite, and proved tliem to bo triclimc 
and distinct from colemamte. Those also are 
mined as borates v Boron. L J. S. 

COLLIDINE v. Bone oil 

COLLIN. A preparation made by hoatmg a 
solution of hide powder or gelatm with^ caustic 
soda and neutralising with acetic acid Used 
in the analysis of tannm and tanmng mateiials 
(Parker and Payne, J. Soc Chom. Ind. 1904, 
648 ; Wood and Trotman, tbtd 1904, 1071) 

COLLODION V Photography 
COLLODION COTTON t;. Explosives. 

COLLOIDS. In 1861 Graham pointed out 
that substances which crystallise readily from 
water are chaiacteiised oy a high power of 
diffusion and by the ability to pass through 
animal or vegetable membranes , substances, 
on the other hand, which cannot easily be 
obtained m the crystallised condition are 
characteiised by a low power of diffusion and 
by inability to pass through ammal or vegetable 
membranes. Graham termed substances of 
the first class, such as sucrose or sodium chloride, 
crystaUoids ; and those of the second class, such 
as starch, gum, or albumin, colloids The 
separation of a colloid from a crystalloid is 
effected by dialysis, a process based on the in- 
ability of a colloid to pa^ss through parchment 
or other membrane 

At the present time, the term ‘ colloid ’ is 
used in a sense different from that in winch 
Graham employed it, and is to be interpreted 
as refernng, not so much to a particular class 
of substances, as to a condition which very 
many, if not all, chemical elements or com- 
pounds may be made to assume From the 
modem standpoint ‘ colloidal solutions * are to 
be regarded as forming a special group of the 
ph 3 ^ical systems built up from two substances, 
one of which is present m relatively small 
quantity. Such systems may be described as 
‘ dispersed systems,’ the substance present in 
excess being termed the ‘ dispersion medium,’ 
and the other the ‘ dispersed phase.’ The 
main groups of dispersed systems are : (1) 

mechanical suspensions ; (2) colloidal solutions ; 
(3) molecular solutions, the feature which 
characterises each group being the degree of 
dispersion or division of the dispersed phase 
From this point of view a colloid solution is a 


dispersed system in which the degree of disper- 
sion is intermediate between that of a mechamcal 
suspension and that of a molecular solution. 

Now the smallest suspended particle which 
can be observed directly under the microscope 
IS of the order 0 1 /x, and this size of particle may 
be taken as roughly marking the boundary 
between mechanical suspensions and colloidal 
solutions On the other hand, the size of an 
average molecule isO 0001 p,-0 001/x,and although 
there is no haid-and-fast lino of demarcation to 
be drawn between the three groups of thspersed 
systems, the dispersed phase of a colloidal 
solution may convemently be regarded as con- 
sisting of particles of the dimension 0 lp-0 001/x 
This conception of the continuity of dispersed 
systems, from mechanical suspensions at one 
extreme to molecular solutions at the other, 
finds its justification in the graded character 
of tho physical properties of the three groups, 
as evidenced, for example, by observations on 
diffusion and filtration, and by osmotic, optical, 
and electrical experiments {see below). It should 
further be observed that tho colloid condition is 
independent, not only of the chemical character 
of dispersion medium and dispersed phase, but 
also of their states of aggregation Thus, 
whilst in many colloidal solutions, such as those 
of platinum, arsenious sulphide or feme hydi ox- 
ide, tho dispersion medium is a liquid, and tho 
dispersed pnase is a solid, there are other cases, 
as, for example, an aqueous solution of gelatin, 
in which the dispersed phase also is a liquid 
The terms ‘ suspension colloid ’ and ‘ emulsion 
colloid ’ are commonly used to differentiate the 
two cases Again, there appear to bo many 
cases m which both the dispersion medium and 
the dispersed phase are solids, instances of this 
kind being fiirmshed by ruby glass, some 
coloured minerals, and probably also alloys in 
certain conditions 

Osmotic properties of colloidal solutions — 
3’he osmotic pressure of a colloidal solution is 
extremely low According to Duclaux, for 
instance, the osmotic pressure of an 8 86 pc 
feme hydroxide solution is only 22*6 cm. of 
water, which is about equal to tho pressure 
given by a solution of sucrose containing one- 
thirtioth of a gram in 100 grams of water. It 
has, indeed, been suggested that tho osmotic 
pressures which have been observed for colloidal 
solutions are due, not to the colloids themselves, 
but to small quantities of electrolytes associated 
with the colloids While it is certainly true that 
the removal of the last traces of electrolytes from 
a colloidal solution is no easy matter, and that 
electrolytes are extremely active material from 
the osmotic point of view, still the most recent 
investigations mdicate that colloidal solutions 
do possess a definite, if small, osmotic pressure 
In this connection the epoch-makmg work of 
Perrin is of great significance, for his determina- 
tion of the Avogadro number, based on a study 
of the distribution of suspended gamboge 
particles in a vertical column, really involves 
the extension of the gas laws to mechamcal 
suspensions This extension is justified by the 
expenmental results {see Pemn’s book. Atoms) 
and it is therefore to be expected that the 
osmotic pressure of a colloidal solution will be 
related m the usual way to concentration and 
temperature. 
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It appears, however, that the osmotic 
pressure of a colloidal solution may not be in 
every case completely defined, as is that of a 
crystalloidal solution, by concentration and 
temperature Thus Moore and Roaf have 
found (Biochem J 1906, 2, 34) that the osmotic 
pressure of a given gelatm solution at a given 
temperature depends, to some extent, on its 
previous history, while Lillie has found (Amer. 
J. Physiol 1907, 20, 127 , see also Bayliss, Proc 
Roy Soc B, 1907, 81, 269) that the osmotic 
activity exhibited by the colloid itself is modihed 
by the presence of electrolytes in a remarkable 
degree The osmotic pressure of a colloidal 
solution, it IS clear, will be determined not only 
by the total solute concentration and by the 
tempeiature, but also by the actual degree of 
dispersion 

Tlie (loj)rcssion of the freezing-point and the 
elevation of the boilmg-pomt of water by a dis- 
solved substance are quantitatively related to 
the osmotic pressure of the solution, and, like the 
latter, may be made the basis for a determination 
of the molecular weight of the solute The 
freezmg -point and boilmg -point of a colloidal 
solution are, however, very slightly different 
from those of water itself, and the experimental 
error of the determination of the molecular 
weight of the colloid by this method is relatively 
large In view, further, of the fact that the 
osmotic activity of a colloid depends on other 
factors than those of concentration and tem- 
perature, it IS obvious that the values for the 
molecular weight of a colloid deduced from its 
effect on the freezmg-pomt or boilmg-pomt of 
water have a very limited significance Such 
values have reference only to the particular 
condition of the colloid at the time of the 
determination 

In connection with the interesting question 
of the osmotic activity of colloids, attention 
should be directed to the investigations of 
McBain and others on soap solutions (Ohem 
Soo Trans 1919, 115, 1279) 

Colloids in an electric field — In 1892 Linder 
and Picton observed (Chem Soc Trans 1892, 
61, 148) that when two wires, connected with 
the terminals of a battery, are placed in a 
colloidal solution of arsemous sulphide, this 
substance is attracted by the positive pole and 
IS gradually transpoited thither Feme hy- 
droxide in colloidal solution is, on the other hand, 
attracted by the negative pole It appears, 
therefore, that the particles of colloidal arsemous 
sulphide carry a negative charge, whilst those of 
colloidal ferric hydroxide carry a positive charge 
Other colloids are similarly found to carry a 
definite charge , thus chromium and alummium 
hydroxides, methylene blue, Bismarck brown 
and hsemoglobm, are electropositive ; tannin, 
caramel, starch, platinum, gold, and indigo are 
electronegative Very significant m this con- 
nection 18 Hardy’s observation (J Physiol 1899, 
24, 288), that protein is electronegative in an 
alkaline medium, but electropositive in an acid 
medium. A reversal of the electric charge on a 
colloid has been observed in other cases also 
{see Burton, Phil. Mag. 1906, 12, 472). ^The 
behaviour of substances m colloidal solution, 
when oxposed^to the action of an electric force 
is very similar to the behaviour of suspensions 
in the same circumstances, for when wires con- 


nected with the terminals of a battery are 
immersed in suspensions of quartz powder, gum 
mastic, or shellac, the suspended particles move 
towards the positive pole. 

Colloids and the vltramicroscope. — ^The view 
that there must be a close relationship between 
colloidal solutions, on the one hand, and 
mechanical suspensions on the other, is strongly 
supported by vanous other hnes of evidence 
Thus the majority of colloidal solutions exhibit 
the Tyndall phenomenon, i e. the opalescence 
observed when a powerful beam of light is 
passed through a flmd medium containmg 
defimte suspended particles Further, the ultra- 
microscope, devised by Zsigmondy and Sieden- 
topf, makes it possible to detect the individual 
particles in colloidal solutions, even when the 
most powerful microscope fails to reveal any 
trace of heterogeneity. 

There are, however, cases on record in which 
colloidal solutions, even when examined with 
the ultramicroscope, have been found free from 
distinct pai tides On the other hand, evidence 
has been adduced (Lobry de Bruyn, Rec. trav. 
chim 1904, 23, 155, 218) showmg that solutions 
of a heavy crystalloid, such as sucrose, are non- 
homogeneous Hence it is evidently impossible 
to draw a hard-and-fast line of division between 
colloidal and crystalloidal solutions, so far at 
least as the size of the particles'of the dispersed 
phase is concerned 

The particles which are detected in a colloidal 
solution with the help of the ultramicroscopc 
are seen to be in a state of constant motion — a 
phenomenon essentially the same as the Brownian 
movement exhibited by gamboge or fat par- 
ticles suspended m water The finer the par- 
ticles the more rapid is their movement, and a 
study of the relationship between the size of the 
particle and its rate of movement has led to a 
calculation of the rate at which a particle of 
molecular size would move. The value so 
calculated is in good agreement with the value 
deduced from the kinetic theory, and this agree- 
ment IS regarded as amounting to a definite 
proof of the kinetic nature of heat. 

^Separation of colloids from their solutions . — 
Substances in colloidal solution pass through 
the finest filter paper, but if the dose relation- 
ship between mechamcal suspensions and 
colloidal solutions is borne in mind, it will be 
seen that the question whether filtration can be 
effected in the latter case as in the former re- 
duces itself to the question whether filters with 
sufficiently small pores can be procured. The 
most successful attempts that have been made 
to solve this problem depend on the impregna- 
tion of a suitable supporting medium with a 
colloid such as gelatin or collodion. Filter 
paper, for instance, may be soaked in gelatin 
solution and then hardened with forraaJ(J<?hyde, 
or impregnated with a solution of collodion in 
glacial acetic acid and then dipped in water 
As the concentration of the impregnating 
gelatm solution is increased, the permeability of 
the filter to colloids diminishes, so that a senes 
of graded filters can be prepared which may be 
employed to sort out a number of colloidal 
solutions, according to the size of particles they 
contain {see Bechhold, Zeitsch. physikal. Chem. 
1907, 60, 267). It is noteworthy that these 
‘ ultra-filtei^,’ as they are called, may be 
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employed to separate oil-water emulsions (see 
Hatscnek, J. Soc. Chem. Ind. 1910, 29, 125). 

Another method of separatmg a coUoid from 
its solution IS to precipitate the colloid and then 
filter off in the ordmary way. It is found that 
in relation to precipitating or coagulatmg agents, 
solutions of suspension conoids benave differently 
from solutions of emulsion colloids. The former 
give non- viscous solutions which are coagulated 
by small quantities of electrolytes , these 
colloids are known also as ‘ non-re versible,’ for 
when once they have been separated they do 
not again pass into solution by mere contact 
with water ; their solutions can be obtained 
only by indirect methods. Emulsion colloids, 
on the other hand, give viscous solutions which 
are not readily coagulated by electrolytes , 
they are also termed ‘ reversj ble ’ colloids, 
because, even if separated from solution by 
any means, they will again pass mto solution 
on mere contact with water. 

The coagulation of suspension colloids, such 
as arsenious sulphide or ferric hydroxide, is 
brought about by extremely small quantities of 
electrolytes. When experiments aie made to 
determine the minimum concentration of various 
electrolytes required to precipitate colloidal 
arsemous sulphide, it is found that this mini- 
mum concentration is of the same order for all 
salts containing cations of equal valency , the 
higher the valency of the cation, the smaller is 
the concentration of the electrolyte required to 
bring about coagulation In relation to colloidal 
feme hydroxide, on the other hand, the coagu- 
lating power of a salt is mainly determined by 
the valency of the negative ion ; the valency of 
the cation is relatively ummportant The con- 
tiast in this respect between colloidal arsemous 
sulphide and colloidal feme hydroxide is very 
interesting in view of the fact that the colloid 
particles of arsemous sulphide are negatively 
charged, while those of ferric hydroxide are 
positively ehaiged. The full significance of this 
was first emphasised by Hardy (Zeitsch physi- 
kal. Chem. 1900, 33, 385), who formulated the 
lule that the ion of an electrolyte which deter- 
mines the coagulation of a colloidal solution is 
the one which has a charge opposite m sign to 
that on the colloid particles. The validity of 
this rule has been extensively confirmed. 

The ‘coagulum’ or ‘hydrogel’ obtained when 
a solution of a suspension colloid is precipitated 
by a salt contains some of the acidic or basic 
part of the salt Thus the coagulum obtamed 
when colloidal arsemous sulphide is precipitated 
with barium chloride, is found to contain 
barium, and in proportion as the coagulum le- 
tains barium, the filtrate becomes acid The 
barium cannot be removed by continued wash- 
ing with water, but may be replaced by an 
equivalent quantity of another metal by digest- 
ing the coagulum with a solution of the chloride 
of this metal 

If, as suggested by the facts just mentioned, 
the coagulation of a suspension colloid by a salt 
is essentially a neutralisation of electric charges, 
it may be expected that colloids of opposite 
electrical sign will precipitate each other In 
harmony with this, it is found that while no 
coagulation occurs when colloidal solutions 
(‘ hydrosols ’) of the same electrical sign are 
mixed, precipitation immediately fellows the 
VoL. II.— T. 


I addition of the solution of a positive colloid to 
the solution of a negative colloid, unless one of 
' the colloids is m very large excess For a 
certam proportion of the colloids, the precipita- 
tion of both IS complete, but as the quantities 
deviate from this optimal ratio, precipitation is 
increasingly incomplete The precipitation of 
egg albumin by solutions of various complex 
acids — c g molybdic, tungstic, and tanmc acids 
— furnLshes an example of the mutual coagula- 
tion of two colloids Metaphosphonc acid, too, 
forms a pseudo-solution or hydrosol which 
precipitates albumin, while the crystalloidal 
orthophosphoric acid has no such effect. 

The aepaiation of emulsion colloids, such as 
serum protein, from their solutions, may also bo 
effected by the addition of electrolytes, but the 
process is essentially distinct from the corie- 
spondmg precipitation of suspension colloids ; 
it IS not electrical m character When a number 
of alkah salts aie arranged according to their 
efficiency in precipitating emulsion colloids, the 
order is practically the same as when they are 
ai ranged according to their efficiency in salting 
out an organic compound from watei or accord- 
ing to their power of lowering the solubility of 
gases 111 water. 9’ he precipitation of emulsion 
or reversible colloids by neutial alkali salts 
appears, therefore, to bo closely allied to the 
procass of ‘ saltmg out,’ and this result of itself 
shows that solutions of reversible colloids 
approximate more closely to tiue solutions than 
do solutions of suspension colloids 

Not only are emulsion colloids themselves 
very slightly sensitive to electiolytes, but in 
presence of an emulsion colloid the piccipitation 
of a suspension colloid by salts is more or 
less inhibit(‘d 1 ’Iils is not due to an increase in 
the viscosity of the medium and consequent 
increase of resistance to sedimentation, for the 
j)rotectivo effect is exhibited by quantities of 
the reversible colloid insuffKient to cause any 
appreciable change in viscosity It is probable 
that the emulsion colloid forms a thin envelope 
round each particle of the suspension colloid and 
so prevents the aggregation and subsequent 
flocculation of the particles. 

Aihorpiion — Reft'rence has already been 
made to a diffeienco of electrical potential as 
determining in some cases the relation between 
a colloid and its environment There is, how- 
ever, another factor which must be taken into 
account m the consideration of this question, 
and that is the relatively enormous suiface of 
contact between the colloid and the surrounding 
medium. 'I’hc evidence sketched m the fore- 
going paragiaphs shows that a colloidal solution 
18 really a two-phase system, consisting of a dis 
persion medium in which are distinct suspended 
particles of extremely small size Now, it is 
obvious that as a given quantity of matter is 
divided up more and more finely, its surface 
area increases regularly. The surface area, for 
instance, of a smgle sphere with a diameter of 
1 mm IS 0 0314 sq cm. ; if the matter com- 
posing this sphere were broken up into a number 
of smaller spheres, each 0 0001 mm m diameter, 
the total surface area of the spheres would be 
314 sq. cm. It is evident, therefore, that in a 
colloidal solution with its fine suspended particles, 
there mustTbe relatively a very large surface of 
contact between the colloid and its medium. 

Z 



338 


COLLOIDS. 


On the basis of the two-phase character of 
colloidal solutions and the large surface develop- 
ment of the colloid phase, the i elation of colloids 
to each other and to various solid and dissolved 
substances may bo regarded as being essentially 
of the nature of ‘ adsorption.’ This term is used 
in reference to the observation that when a 
substance is introduced mto a two-phase 
system, and provision is made for its distribu- 
tion throughout the system, it is frequently 
found concentrated at the surface of one of the 
phases. The nature of this phenomenon will 
perhaps bo best appreciated by contrasting it 
with cases m which the substance is distributed 
uniformly m each phase of the two-phase 
system When iodine is shaken up with two 
immiscible liquids, such as water and carbon 
tetrachloride, a state of equilibrium is soon 
reached at which the concentration of the 
iodine is uniform throughout the aqueous 
phase, uniform also (but different) throughout 
the carbon tetrachloride phase If Cj is the ! 
concentration of iodine in the aqueous layer. ' 
and Cj its concentration m the carbon tetia- | 
chlonde layer, then 02 / 0 ^, tlie ‘ partition co- 1 
efHcient,’ is found to bo a constant, independent | 
of the absolute values of and C 2 . I’his is a j 
rule applicable to the distribution of any sub- | 
stance between two immiscible liquids, pio- | 
vided the molecular condition of the substance i 
IS the same in each liquid If, on the other hand, 
the molecular weight of the substance in the first 
liquid IS 71 times its molecular weight m the 
second liquid, then c^/c^ is a constant, indcpen- I 
dent of the absolute values of and If, con- I 
vorsely, the chstnbution of a substance between 
two liquids at various concentrations has been 

found to bo such that is a constant, the 

conclusion may bo drawn that the molecular 
weight of the substance in the hrst liquid is n 
times its molecular weight m the second hquid | 
The distribution of a substance in a two- ! 


to consist m an adsorption equilibrium. This 
I IS indicated, quahtatively, by the concentration 
I of the substance m the solid phase increasing 
' more slowly than its concentration m the liqmd 
phase, and quantitatively by the validity of the 
formula constant. In this way it has been 

shown, to quote one or two examples, that the 
taking up of gases by charcoal, the removal of 
' arscnious acid from solution by freshly precipi- 
tated feme hydroxide, and the dyeing of silk 
I with picric acid and numerous other colouring 
I matters, are all cases of adsorption. The com- 
' plexes formed, although not due to chemical 
j combination in the strict sense, and although 
I lackmg the characteristics associated with a 
I dehnite chemical substance, are frequently re- 
! ferred to as ‘ adsorjition compounds ’ As van 
Bcmmelen especially has shown, colloids in the 
form of hydrogels have a very marked power of 
adsorbing other colloids, crystalloids and water, 

I and evidence is accumulating m favour of the 
j view that the behaviour of colloids in solution 
I towaids other substances is also to be intcr- 
I preted 111 terms of adsoiption. 
j The question may be asked : Is there any 
physical reason for the concentration of a sub- 
stance at the surface of one of the phases in a 
two-phaso system, such as a colloidal solution 
undoubtedly is ? The answer is that if surface 
tension considerations only are taken into 
account, then it follows on thermodynamical 
grounds that the most stable relation between 
the two phases of a colloidal solution is the one 
characteiised by minimum surface tension 
lienee if the substance picscnt in the solution 
lowers the suiface tension of the solvent, that 
substance will accumulate in the surface layer 
of the solution That such spontaneous ac- 
cumulations may occur iri the surface layera of 
solutions has been shown by Ramsden (Proc 
Roy iSoc A, 1903, 72, 15b), who observed the 
foi Illation of solid or highly viscous coatings on 


phase system which consists, not of two im- 
miscible liquids, but of a solid and a liquid, is 
generally quite different in character. When, 
for instance, acetic acid solutions of various con- 
centrations are shaken up with carbon, a state 
of equilibrium is rapidly attained, and it is found 
that some of the acetic acid has been taken up 
by the carbon If and 0 ^ lepresent the 
equilibiium concentiations of the acetic acid in 
the solid and the li(|uid phase respectively, then 

the experiments show that a constant 

According to the foregoing paragraph, this would 
mean, on the assumption of a uniform dis- 
tribution of the acetic acid throughout the 
carbon, that the molecular weight of acetic acid 
in the carbon must bo less than half what it is 
in water This conclusion must obviously be 
rejected, and the assumption of a uniform distri- 
bution of the acetic acid throughout the carbon 
IS incorrect The acetic acid must be concen- 
trated at the surface of the carbon, a view 
supported by the rapidity with which equili- 
brium 18 established The acetic acid is said to 
be ‘ adsorbed ’ by the carbon, and the pheno- 
menon IS termed ‘ adsorption.’ 

The distribution of a substance in a two- 
phase system where one of the phases is a solid 
with largely developed surface, is generally found 


I the free surfaces of protein and many other 
; colloidal solutions 

I Bexiring of colloid chtiniHiry 07) technical 
\ prohlc 7 ns — The idle played by colloids in the 
[ opciations of apjDlicd chemistry is of gieat im- 
I poitancc In tlio manufacture of staich, cellu- 
lose, glue, Icathei, caoutchouc, artificial silk, 
paper, and photographic plates, colloids aio 
involved, and a knowledge of the general 
behaviour of colloids throws much light on these 
and other industrial operations Many dyes 
give colloidal solutions, and dyeing, in a largo 
number of caries at any late, depends on the 
adsorption of the colounng matter by the fibre 
The relation between hide and tannin appears 
to be of the same descnption, and the investiga- 
tion of the tanning process from this pomt of 
view shows the defimte bearing which colloid 
and adsorption phenomena have on this opera- 
tion The problem of sewage disposal also is 
closely related to colloid chemistry, and it has 
been found practicable to retain tne colloids of 
the sewage in the form of adsorption compounds. 
The tints of coloured glasses are frequently due 
to the presence of metals in the colloidal state. 
This is notably the case with gold ruby glass, 
which owes its colour to the presence of ^tra- 
microscopic particles of the metal. Colloid 
chemistry < has an important bearing, too, on 
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agricultural chemistry. • Many of the properties 
of soils — for example, permeability, absorptive 
power, and moisture content — depend more on 
the size of the constituent pai tides than on tlieir 
chemical composition 'J’ho retention by the 
soil particles of mateiials of nutritive value for 
plants IS closely related to the phenomenon of 
adsorption already discussed, and it has, m fact, 
been shown that the removal of dissolved 
substances by soil fiorn solutions of different 
concentrations takes place in harmony with the 
adsorption formula. Colloids are of importance 
further m connection with the pottery tiade 
Highly plastic clays behave like colloids, and 
the treatment of day with a colloid, sudi as 
tanmn, notably increases the plasticity of the 
material. On the view that the plasticity of a 
clay 18 determined mainly by its colloid content, 
and that tho latter is chiefly responsible foi the 
powci of the clay to adsorb colouring matters, I 
attempts have been made to utilise the adsoip- 
tive powei of days, say, for malachite gieen, 
as a measure of relative plasticity 

Colloid day has been found to be capable of 
use as a catalyst m proceses of oxidation €ind 
hydrogenation 

Of great interest are recent attempts to 
interpret the properties of many alloys in teims 
of colloid chemistry The view is taken that 
tho technical and physico-chemical properties 
of an alloy aie largely dependent on the state 
of division of the constituent jiartides, and that 
in many cases tho size of these particles is such 
as to bung them within the colloid lange 
3flie relation between tom])eiing caibon and 
hardening carbon, is on these lines described as 
a ‘dispersion allotropy ’ (For development of 
this point of view, .see Benedicks, Journ lion 
and Steel Inst 1 905, 352 , Roll Zeitsi hrift, 
1910, 7, 290 ) 

Reference has been made above to the pio- 
tective action of emulsion colloids, and this 
phenomenon is of frequent occuirence The 
presence of such colloids, generally and vaguely 
referied to as ‘ oiganic matter,’ may altogether 
pi event tho flocculation and precipitation of 
insoluble compounds In piescnce of gelatin, 
for example, silver nitrate gives with sodium 
chloiide only an opalescence whicli is not alteied 
by filtration This is a fact of the gieatest im- 
portance in connection with photographic 
emulsions Closely i elated to this phenomenou 
IS the use of glues and gums as retardeis m the 
setting of plaster of Pans, and the inclusion of 
such materials m mixtures which have for their 
object the prevention of scale in boilers De- 
tailed references to the bearing of colloid 
chemistry on technical jirobloms will bo found 
in a monograph, Die Bedeutung der Kolloide 
fur die Technik (Dresden, 1909), by K Arndt ; 
in a paper on C‘olloid Chemistry and some of its 
Technical Aspects, by J. Alexander (J. Soc 
Chem Tnd 1009, 28, 280), m W W. Taylor’s 
book on The Cflienustry of Colloids, 1915 ; and 
in Wo Ostwald’s volume. Theoretical and 
Applied Chemistry, 1917 J G P 

COLLOPHANITE. A colloidal hydrated 
phosphate and carbonate of calcium forming an 
important constituent of phosphontos and rock- 
phosphates It is amorphous and optically 
isotropic, and forms concretionary masses 
resembling opal or gum in appearance, with a 


vitreous to icsinous lustie and a conchoidal 
fracture. The material may be opaque or 
tianblucent to nearly transparent, and tho 
colour ranges through colouiless, white, yellow, 
brown, and reddish. An eaithy vaiiety is 
known as moniic^ gr 2 69-2*77 (of momto 
2 1), baldness , lefractive mdex 1 509- 
1 612 A Lacioix (1910) gives the foimula 

liUS • — 

(a,[C'a3(l>04)J+2/C’aC03+aC<> 

\ 4 ((;aF)/'ag(P 04 ),J + .vCaC 0 ,+=H 40 

which includes also the variety called Jtuocollc- 
phanilc W T >S(hallei (1911) gives the formula 
as 9C‘aO C‘aO CO^ Tho 

mineral is found in three classes of deposits : 
111 guano deposits, having been fimt recognised 
m tho guano of 8ombreio, West Indies , m 
poekets of phosphorites , and in the phosjihal-n* 
nodules and eoprolites of sedimentaiy rocks 
langmg in age fiom the Eocene to the Siluiian. 
Material of the last of these modes of occur- 
leneo frequently contains fluoimcin addition to 
caibonate and phosphate, and is distinguished 
fluocollo'phamip L J 8 

COLLOTYPE V . Photogbaimiy. 

COLOCYNTH. Bitter apple Colocijnthidis 
Pulpa, BP , Colocynthiby U 8 P. [Coloquinti, 
Fr ; Koloquinley Gcr ) 

The diied pulp of the fiuit, fieed fiom seeds, 
of Citudlua Colocyntins (Scliiadei), a (limbing 
j)lant of the gourd family, inhabiting tlie warm 
diy districts of tho Old Woild — ImJia, Persia, 
Arabia, Syria, and tho Afncan and Euiopean 
shoies of tlm Mediteiiaiiean It is cultivated 
in Spam and (‘y pills [Cf Bentl a Turn 114) 

The B P. and U 8 P demand that not 
moio than 2 p c. of lixed oil be extracted by 
petroleum spiiit (r Dowzard, Phaim '’J 1903, 
71, 400) The B.P demands at least 9 p e. 
of ash, the U 8 P not moie than 15 p e. 

Chattaway and Mooi (Analyst, 1903, 28, 205) 
considci 8 pc a moie icasonable minimum, 
Ihnncy (Pharm J. 1903, 71, 879) found tho 
ash to vary from 7 2-13 5 p e , and thinks a 
mieroseopKal examination and tho c'stimation 
of lixed oil bettc‘r ways of detecting impuiities. 
The se(‘ds contain the oil, and only 2-3 p c. of 
<isli , as they constitute 75 pc of the peeled 
fiuit they raise, when mixed with juilj), the 
amount of fixed oil, and lower the ash content. 
The two c hief varieties impoited aie Tin key 
and Spanish colocynth, of which the foimer is 
tho whitei, the richei in pulp, and the mgie 
esteemed 

(Colocynth was well known to Greek, Roman, 
and Arabian medicine, and m the foim of soiicl 
extract enters into many of the purgative pills 
of modem pharmacy. 

Power and Moore, who gave an account of 
the eailier literature (Chem Soc Trans 1919, 
97, 99), have cast doubt on the existence of the 
colocynthin and colocynihiiw of pievious in- 
vestigators. The former substance was de- 
scribed as an extremely bitter glucoside and 
drastic purgative, soluble in water and alcohol, 
but not in ether, the latter substance as insoluble 
in water, but soluble in ether Power and 
Moore examined the pulp of the fruit sepaiately 
from the seeds, and the following substances 
were isolated • ciirvllol, a dihydrie alcohol 
C22 Ho,\ 02(0H)2, m.p. 286°“290°, yielding a 
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diacetyl derivative, melting at 167° ; an amor- 
phoua alkaloidal substance possessing an ex- 
tremely bitter taste and representing one of 
the purgative principles of the fruit ; a-elatenn 
(^ee ELA.TBBIIJM) ; a small amount of hentri- 
acontane C,iHe 4 , m.p 68 °; a phytosterol 
7 ^ 480 , and a mixture of fatty acids. The 
seeds, which represent 75 5 p.c. of the peeled 
fruit, wore found to contain traces of an alka- 
loidal principle, a small amount of an enzyme 
hydrolysing ; 8 -glucosides, and fatty oil The 
proportion of glucosidal substance in the fruit 
IS found to bo very small. The purgative action 
depends on at least two compounds, one of 
which IS alkaloidal. After removal of the 
alkaloidal compound, the fruit still possesses 
marked purgative properties, but the substance 
to which these are due has not yet been obtained 
in a definite form 

It hfis been sometimes required to search for 
colocynth in boor {v Dragendorff, Chem Zentr 
1881, 285, 299). G. B. 

COLOGNE YELLOW v Chromium. 
COLOPHON V Oleo -RESINS. 

COLOPHONY!^ Resins 
COLOPTENE V Resins 
COLORIMETERS. CHROMOMETERS, or 
CHROMATOMETERS Under thus heading are 
included those mstruments {colorimelera) which 
are used for determimng the relative intensity of 
colour in solutions, and those {chroniatometcn, 
t mt omelet s) which are used to obtain a numerical 
record of the hue and intensity of a colour. 

Colorimetric measurements depend on ob- 
taining equal mtensity of colour in two columns 
of liquid, one of which contains a known amount 
of the substance to be estimated This can),be 
done either (a) by varying the concenirafioti of 
one liquid, keeping the lengths of columns equal, 
or {1) by altering the length of one column, 
keeping the concentratum the same 

The first method is used in Nessler’s test, in 
Eggeitz’ method of estimating 'carbon in steel, 
and in the simple colorimeter of the U S 
Geological Survey (Bulletin 422) It is ap- 
plicable to all colorimetric measurements The 
second principle is adopted in most cases 
because it allows the lepcated use of the standard 
solution and facilitates rapid work In certain 
cases, however, e q. m comparing manganese 
solutions, this method fails, as varying the length 
of column changes the hue as well as the iniensity 
of the colour. 

The standard used may be of the same com- 
position as the liquid under exammation, or 
may be made of any suitable materials, but its 
colour must be identical in quality with that of 
the liquid tested, and its value per unit volume 
in terms of the substance estimated must be 
accurately known Thus the permanent stan- 
dards used m the estimation of combmed carbon 
m steel are generally made of mixed solutions of 
metallic salts, and in the estimation of ammonia 
m water a solution coloured with caramel and a 
little antline red has been used (Leeds, Chem. 
News, 37, 229) 

Equality of tint havmg been obtained, the 
lengths of the columns are noted, and the com- 
parison is repeated, using, preferably, a different 
length of column of the standard. 

The relative strength of the solutions vanes 
inversely as the lengths of the columns, so that 


if 1 c c. of the standsgrd solution correspond 
with X parts by weight of the substance esti- 
mated, the weight of that substance mice of 
the test solution will be 

length of column of ^andard solution X x 
length of column of test solution 
If the strength of the standard differs by more 
than 10 p c. from that of the test liquid, it is 
advisable to dilute one or other before com- 
parison 

For the examination of precipitates, a solu- 
tion of considerable suspensory power is prepaied 
by dissolving 100 grams of gelatine, 100 grams 
glacial acetic acid, and 1 gram of sahcylic acid 
(to prevent decomposition of the gelatine by 
keeping) in 1 htre of distilled water. 

The solution is clarified with white of egg 
and filtered hot For estimation of sulphuric 
acid, this solution is charged with barium chlor- 
ide, and IS added to a weak standard solution 
of sulphuric acid or a sulphate and to the solu- 
tion to be tested, the two turbid liqmds being 
then compared as above By the use of other 
reagents, lime, zinc, and a large number of other 
sul^tancos may be estimated. 

A useful colorimeter for general purposes, 
devised by MiUs, is shown in Fig. 1. It con- 
sists of a glass jar closed 
above by a cap of which the 
length IS sufficient to cover 
the top of the liquid The 
cap is perforated m the 
middle and carries a short 
tube m which slides a glass 
rod bent as shown, and 
suppoitmg, exactly at right 
angles to the axis of the jar, 
a flat circular opaque white 
disc In the bottom of the 
jar aie laid, one above another, 
a red and a green glass disc 
which form a black back- 
ground to the white disc 
When exammmg solutions of 
certain colours, a background 
of a colour other than black 
may be advantageous, and 
the white disc itself may be 
covered by a coloured plate 
The white disc is lowered to 
the bottom of the jar by 
moving its rod, and the jar is 
hlled to exactly 100 divisions 
with a standard liquid. 

The white disc is raised 
until, on lookmg vertically 
down through the hquid at 
the disc, the depth of tint 
appears suitable. A second Riq j , 
apparatus is then filled to 100 
divisions with the liquid to be tested and its 
disc 18 adjusted until the colours of the columns of 
liquid m the two jars appear of equal intensity. 

By placing on the wmte disc a small, black, 
hemispherical button, this instrument may be 
used for determimng the strength of turbid 
solutions, such as mdk, or for ascertaimng the 
amount of a precipitate suspended m a liqmd. 
Milk IS diluted before exammation with 99 parts 
of water, and is compared with a similarly diluted 
miUi of knpiwn quality, the disc with the button 




COLORIMETERS, CHROMOMETER& OR CHROMATOMETERS. 341 


being adjusted in each tube as above until just 
invisible. 

The slight alteration in the level of the hquid 
caused by the varying length of the sliding tube 
contained in the liquid when adjusting the 
height of the white disc is found by experiment, 
and a correction must be introduced into the 
calculation for variations of more than two or 
three divisions. 

A very useful colorimeter, especially designed 
for the estimation of carbon in steel, but of 
course available for other purposes, has been 
introduced by Stead (Proc Iron and Steel Inst 
1883, No 1, 213) A similar, but more con- 
venient ajiparatiis, devised by Ridsdale (J Soc. 
Chem Ind 18S(), 580) is shown in Fig 2 Three 
glass tubes, each fitted below with a small, 



Fig. 2. 


opaque, white cylinder, are placed beneath a 
movable mirror, in a stand which may bo turned 
to any position upon its weighted base The 
central tube is removable and is closed below ; 
the outer tubes are drawn out and pass through 
indiarubber corks into ruby glass bottles, con- 
taimng standard solutions of different strengths 
Each bottle has a tube with a stopeock through 


which the liquid may be introduced or removed, 
and each is connected by a flexible tube with a 
syringe. 

The liquid under examination is mtroduced 
into the central tube, and by working the 
syringes the standard solutions are raised m 
their tubes until the intensity of colour in each 
tube, as seen by looking into the mirror which 
is adj*usted to reflect the light passing upwards 
through the tubes, is identical Two distinct 
comparisons are thus simultaneously made, and, 
by noting the height of each column bv means 
of the sliding pointer, the strength of the tested 
liquid may bo ascertained from the formula 
alieady given A very important advantage of 
this apparatus is that every part excejit the 
central tube is cleansed and recharged without 
disconnection 

Ridsdalo (J Soe (!hem Ind 1888, 70) has 
devised an apparatus for the examination of 
liquids of doejier tint than can be used m the 
foregoing apparatus The central upper tube 
( Fig 3) is sealed below, the upper side tubes are 
perforated at the bottom Each tube contains 
a loose white opacpie plug, and each is held at 



any height by a movable jaw pressed against it 
by an indiarubber band 

The centre tube is charged with, say, 10 divi- 
sions of the standard solution, and the test 
liquid IS run into one of the side tube^, whence 
it passes at once into the lower tube. When 
this is nearly filled, it is gradually raised to 
bring a portion of its contents into the upper 
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tub?, until, on looking clown vertically, the 
colours in the upper side tube and in the stan- 
dard tube are of equal intensity The calcu- 
lation IS made as alieady dosoribed. The lower 
tube beneath the standard tube must be raised 
with that of the side tube in order to equalise 
the effect of the double thickne.ss of glass. 
When the solutions to be tested differ widely in 
tiht, the standard tube may bo perforated so 
that the length of its column may be readily 
adjusted. 

kStoki\s’ apparatus (Chem Soc Proc 1887, 
135) has two tubes placed vertically in a stand 
with a reflector below One tube is connected 
with a resorvoii of the standard solution, by 
raising or lowering which the level of liquid in 
the tube can be altered 

A similar arrangement is used in Lc Bocte’s 
colorimeter (Eng Pat 20067, 1808) 

The Kennieott-Sargent eoloriineter (Chem 
Engineer, 1907, 213) diffeis from the above only 
in altering the level of the st.iudard liquid by 
moving a glass plunger in a fixed cylindrical 
reservoir 

Another arrangement, in which the standard 
Inpiid 18 forced into a graduated tube from a 
reservoir, is described by Guns berg (Dmgl poly 
J. 228, 457). 

The Nosslerising tubes adopted by Hehner 
(Chem News, 33, 185) and recommended by 
Milno (J. Soc. (diem tnd 1887, 33) "are two 
oylmders of equal and perfectly uniform dia- 
meter, holding about 100 c c Each is graduated 
fiom below, and at about the 30 e c division has 
a glass stopcock. 

The two cylinders are placed side by side on 
white paper, and to one of them is added 100 c c 
of the liquid to bo tested, followed by 2 c c of 
Nossler’s solution To the other tube a suitable 
and known amount of standard solution of am- 
monium chloride is added, and the volume is 
made up to 100 c c. with distilled water, after 
which 2 c c of Nessler’s solution is added The 
two liquids are looked at veU'calh/y and the 
darker is allowed to slowly run off into a clean 
beaker, until their colours are equal The com- 
parison m<iv bo lepeated aftei filling up from the 
beaker The mode of calculation is the same as 
in formci cases 

A modified form of Eggertz tube has b(‘en 
described by Hogg (J. Soc Chem Ind 1895, 
1022 ) 

In a colorimeter devised by Leeds (Chem 
News, 37, 229) comparison tubes are ai ranged 
in a rack, light being reflected tlirough them by 
an inclmed upper mirror, and again reflected to 
the eye of the observer from a mirror similarly 
placed beneath them The standard liquid is 
contained m a bottle prism which is moved 
beneath one of the comparison tubes containing 
distilled water only until the colour observed is 
identical with that m the tube containing the 
test liquid The strength of the test liquid is 
calculated from the thickness of liquid in that 
section of the prism which is interposed 

Gallenkamp’s colorimeter (Chem Zeit Rep 
1891, 324) consists of two vertical troughs en- 
closed in a metal frame That which contains 
the standard solution is wedge-shaped, while that 
for the test liquid is rectangular An observa- 
tion apparatus, moving vertically over a scale 
of 100 jiarts, has two slits at the same level, one 


opposite each trough, the light from which is 
reflected and brought into one eyepiece The 
observation consists in finding the thickness of 
the stratum of standard solution m the prism, 
which shows the same depth of coloui as the 
test hquid 

White’s apparatus differs from the above m 
having two wedge-shaped tanks, both movable 
with reference to two fixed slits through which 
the depth of coloui is obseived 

A colorimeter, desciibcd by Autcnrieth and 
Koemgsberger (Chem 7entr 1910, i 2032) and 
recommended csjiecially for the determination 
of hsematme in blood, de'pemls on fornparison 
of the test liquid with a stable solution of similar 
hue contained m a wcdgc-shajied reservoir 
which IS movable vertically beside the trough 
containing the test liquid The movement of 
the wedge is measured on a millimetre scale, and 
the reading translated directly into percentages 
by reference to a plotted curve Tlie two colouis 
are observed through a Helmholtz ‘ Doppel- 
platte,’ which obviates a dividing space m the 
field of view By substituting a suitable wedge, 
the instrument can also be used for the estima- 
tion of titanium, iron, chromium, iodine, am- 
monia, nitiic acid, &c 

Schremei’s coloiimeter (J Amer Chem 8of 
1905, 1192) consists essentially of two parts a 
wide flat - ended 
tube,^ n, about 
20 cm X 3 cm , 
graduated in 
millimctics, and 
the flat - ended 
immersion tube a, 
about 20 cm X 
2 cm , winch 
slides inside the 
wider tube 

Two such pans 
of tubes are 
mounted on a 
stand (Fig. 4), the 
inner tubes being 
fixed to the top 
of the camel a 
while the outei 
tubes are held in 
brass clips which 
keep them m 
position, but per- 
mit their being 
moved up and 
down. The length 
of the column of 
liquid enclost'd 
between the ends 
of the outer and 
inner tubes can 
thus be adjusted 
at will Light, 
reflected from a white surface D, passes through 
the two columns of hquid, and is then reflected 
at a mirror E to the observer’s eyes at F. The 
axes of the tubes are inclmed to one another 
so as to bring the images close together 
Standard glass slides may bo inserted at a 
in place of one of the wide tubes, the immersion 
tube being left m position. 

Patterson* has described (J Soc Chem Ind 
1890, 30) a 'more^complex apparatus employing 
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the sain9 principle In this case the adjustment 
of the concentric tubes is made by rack and 
pinion, and total reflection prisms aio employed 
to bring the two images into one eyepiece. By 
substituting a direct- vision spectroscope for the 
eyepiece, the apparatus becomes a spectrum 
ahsorptimeter. 

The simple and effective colorimeter devised 
by Steiger (J. Amor Chom Soc. 1908, 215) 
consists of two wooden boxes painted dead-black 
inside, one of which (Fig 5a) is mounted on a 



stand and has a rectangular opening c in the 
base, while the second box (Fig. 5n) fits into the 



first, and has a rectangular opening, e, which 
coincides with o 

Tn the base of this box are two grooves in 
which slide two rectangular glass (^lls k, k, 
about 15 cm long X 2 5 cm wide X 6 cm 
deep. 

Fixed vertically over the opening e are two 
glass rods p, p, held in place by the springs r, 
each carrying at the lower end a small plane 
mirror, o, fixed at an angle of 45°. Light coming 
through the ground-glass A is reflected by a 
mirror, b, through the aperture E into the tank, 
where it is again reflected at the mirror a and 
passes through a column of liquid, the length of 
which can be altered by moving the tank back- 
wards and forwards. When equality of colour 
IS obtained, the lengths of the coluratis are read 


off on millimetre scales engraved on the base of 
each tank. The reading is taken whore the 
lower edge of the mirror touches the bottom of 
the tank 

Otto’s ozonometer has two parallel tubes for 
gases or liquids, and employs wedges of coloured 
glass moving over a graduated scale as a means 
of measuring the depth of tint (Eng Bat 17524, 
1898) 

H Kruss suggests (Zcitsch anorg Chem 5, 
325) the application to colorimeters of the 
Lurnmer-Brodhun double prism, which gives a 
held of view in which there is no visible line 
of sopaiaiion between the two colours under 
observation This condition gives maximum 
accuracy in matching the colours (see also Fhem 
Soc Abstr 1894, ii 158) 

Andrieux (Compt rend 103, 281) describes 
an apparatus in which the quahUi and intensity 
of a colour are determined by comparison with a 
ray of polarised light 

An apparatus has been described by Meisling 
(Zeitsch anal Chem 1904, 137), in which the hue 
is matched by the colour of a quartz plate in 
polaiised light, and the intensity is measured by 
varying tlie length of the column of liquid 

An mgemous instrument, introduced by Mr. 
J. W Lovibond, for the examination of liquids, 
powders, fabrics, &c , and known as the tinto- 
meter, IS shown, partly in section, in Fig 6 It 



Fig. 6. 


consists of a box, closed at one end by a ground 
glass plate, c, and separated into two divi- 
sions 1), c. The box is carried by a stand, adjust- 
able to any angle A square glass cell, of 
known wulth, along the lino r/' containing the 
solution lo bo examined, is jdaced in one divi- 
sion, and glass plates h of similar colour (or, if 
necessary, of different colours, producing the 
proper tint in combination), and of known 
intensity, are placed in grooves in the other 
division, until, on looking through both tubes 
simultaneously through a single eyepiece, d, 
shaded to prevent access of side light to the eye, 
the appearance through the glass plates is 
identical with that through the solution. 

The standard plates are specially jirepared of 
various colours, and each is distinguished by a 
number indicating its colour, and another num- 
ber showing the intensity of colour, ^ e. the 
number of plates of that colour of unit intensity 
roquiied to produce an intensity equal to that of 
the plate The unit chosen by the inventor for 
each colour is an arbitrary one, but its actual 
value can bo ascertained at any time by com- 
parison with a standard solution of similar 
colour. 

In some cases the glass plate e is wanting, 
and an adjustable plane glass mirror is used to 
reflect the light to the apparatus (Eng Pat 
12867, 1886) 

When the colour of a fabric is to be estimated, 
the fabric is stretched on a block placed in the 
division c, and a white fabric of similar texture, 
previously compared with a plate of pure plaster 
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of PanSy IS placed in the division h The stan- 
dard plateii are then inserted as above until the 
appearances through the eyepiece are identical. 
PowderSy svgarsy dsc , pressed in a small tray 
placed in the division c, may be similarly ex- 
amined, a tray containing pure plaster of Pans 
being placed in the division b ( J Soc Chem. Ind 
1888, 234) 

Por very delicate observations, the intensity 
of the light used may bo found and noted, before 
eomnlericing, by closing the division c and 
jilaemg m the divisions b as many standard 
jilates of 7ieutral tmt as serve to obstiuct all the 
light 

The substitution of a movable wedge of 
coloured glass for the standard plates makes the 
apparatus available for ordinal y colorimetric 
determinations ( f Roc Chem Ind 1888, 234). 
An impioved foim of Lovibond’s ajiparatus is 
binocular, and has a movable diaphragm This 
makes it applicable to testa of colour vision 
{ibid 1891, 489) {see also Lovibond, %htd. 1909, 
500) 

Procter has described {ibid, 1895, 123) a 
modified form of tintometer m whic'h, by a 
system of mirrors, the colours to be compared 
are brought close together in the field of view, 
thus giving greater accuracy 

Sczepanik (Eng Pat 22995, 1907) has 

patented an ingenious apparatus with which a 
numeiical record of any colour can be obtained 
'riiree strata of liquid of the three jirimary 
colours are superimposed The thickness of 
each stratum can bo measured and altered in- 
dependently of the others, and thus any hue or 
intensity of colour can be matched 

(lardncr and Dufton have introduced the 
‘ Dalite ’ lamp, which gives a light of the quality 
of daylight, and may be used for tmtometne 
work (J Soc Chem Ind 1904, 598) This 
lam^ is also of use in performing titrations by 
artificial light. 

A useful device, introduced by Dupr6 
(Analyst, 5, 123), may be mentioned under this 
heading In the volumetric estimation of silver 
with potassium chromate as an indicator, 
especially when the solution is weak, it is some- 
what difficult, on account of the oiiginal yellow 
colour of the solution, to observe the first tinge 
of red produced by the formation of the silver 
chromate l)iipr6 interposes, between the eye 
and the test liquid, a flat ghoss cell (of which the 
faces are about half an inch apart) containing a 
solution of potassium chromate of such strength 
as will neutralise the colour of the test liquid, 
which thus appears perfectly colourless, and in 
which the faintest appearance of red is readily 
visible The cell filled with other liquid may be 
similarly adopted in many other titrations 

Konig (Proc Amer Phil Soc [18] 7, 29, 184, 
208, 211) has devised a method for estimating 
metals by the intensity of the colour imparted by 
them to the borax bead He dissolves a known 
weight of the oxide in a known weight of borax, 
grinds the bead until its faces are flat, coats it 
with Canada balsam to render its rough faces 
transparent, and places it m an apparatus where 
it IS viewed by a lens of small power, while, by 
means of a rack, a glass pnsm whose colour is 
complementary to that under examination, is 
moved before it until such a thickness is inter- 
posed that the colour of the bead is extinguished. 


A photochemical process for estimating 
I differences in the intensity of a colour has been 
described by E. J. Mills and Buchanan (J Soc. 
Chem Ind 1888, 309) It has been applied to 
the comparison of dyed goods. A number of 
discs of the tissues are photographed on one 
negative from which a number of positives on 
paper sensitised with silver, are copied Thase 
are treated as usual, soaked for a considerable 
I time in sodium thiosulphate to remove the whole 
i of the unaltered silver salt, well washed, and 
I dried. The disc photographs of each tissue arc 
' cut from a number of positives and each set is 
1 burned separately I’he silver in the residue is 
dissolved and estimated volumctrically The 
I relative amount of silver found in the different 
I sets of discs directly represents the relative 
intensity of the colours. 

The following colorimetric process for the 
estimation of minute quantities of sulphur in 
iron, mineral waters, black ash, slag, &c , is duo 
to Wiborgh (Chem Zeit 10, 92 , Chem Nows, 
1880, 54, 158). 

The divided metal, ore, &c , or the concen- 
trated solution, 18 introduced into a small flask 
provided with an indiarubber cork, through 
which passes a stoppcied funnel for mtioduction 
of acid, and a narrow-mouthed funnel ground at 
the top A disc of white calico, which has been 
previously saturated with a solution of 5 grams 
crystallised cadmium nitrate (or, prefeiably, 
cadmium ac elate) m 100 c c of water and dried 
in a horizontal position on a cloth, ls fixed 
between two indiarubber rings of the same 
interior diameters as the standard discs here- 
after described, and the rings are firmly clamped 
over the funnel mouth Cilute sulpimric acid 
IS poured into the flask and heat is applied In 
from 30 to 45 minutes the whole of the sulphur 
which is capable of conversion into sulphuretted 
hydrogen has passed off in that form and has 
been wholly absorbed by the cadmium salt on 
the calico The disc is removed and compared 
with a set of standard discs, similarly prepaied 
from iron containing a known amount oi sul- 
phur The standard discs should not be ex- 
posed too freely to light Arsenic, carbon, 
silicon, and copper do not appear to affect the 
determination This method la so delicate that 
! a disc will show a tinge of the yellow colour due 
j to the cadmium sulphide when so small a quan- 
tity as the lOOOth of a milligram of sulphur is 
present per square centimetre 

COLOUR AND CHEMICAL CONSTITUTION. 
The object of this article is to give as concise 
a description as possible of the various rules 
which have been established, and the theoiies 
which have been proposed, with regard to the 
relation between colour and chemical constitu- 
tion, particulaily to the colour of dyes, with 
special reference to those rules which have 
proved of value in the pieparation of dyes and 
which have served as guides for modifying the 
colour in a group of dyes 

Hisim'ical Outline — The first synthetic 
dye (mauve) was produced by Sir W. H. Perkin 
in 1856. This branch of synthetic chemistiy 
developed with great rapidity, and m the next 
twenty years the first members of many im- 
portant groups of dyes had been prepared, e g. 

I fiichsine (1869), rosaniline blue (1860), and 
■ alkylated ttiphenylmethano dyes (1863-1866) ; 



COLOUR AND CHEMICAL CONSTITUTION 


346 


Bismarck brown (1864), chrysoidme (1876), and 
naphthol orange (1876) in the azo- group, 
Martius yollcw (1864) in the nitro- group, 
Magdala red (1868) in the azine senes ; alizarin 
(1869) of the anthraqumone group ; fluorescein 
and eosin (1874), rejirei^enting the phthaleins, 
and Lauth’s violet (1876), foreshadowing the 
thiazines. By this time sufficient matenal 
had been accumulated to allow the formulation 
of the well-known WitVs Rule (1876), accoiding 
to which substances attained the potentiality 
of colour when their molocule-s contained eertain 
atomic arrangements or groups, which Witt 
termed chronnopliores The colour and dyeing 
properties were made manifest by the intro- 
duction of additional groups termed avxochromcs 
Within the next three years additional 
triphenylmethane and azo- dye.s were produced, 
deeper colour (red) being attained in the latter 
group by the use of naphthalene components 
in^jilace of the benzene derivatives used in the 
earlier members, as c gr in the Ponceaus (1878) , 
and also by the introduction of an additional 
chromophore, as in Bicbrich scailet (1878) A 
consideration of the results now obtained, 
especially in the triphenylmcthano and azo- 
groups, led to the enunciation of Nietzki's Rule 
( 1879), which states that the colour of a dyestuff 
can be deepened by adding groups so as to 
increase its molecular weight, and that the 
deepening of colour produced is more or less 
proportional to the increase of molecular weight 
(ft should bo noted that the term depth is used 
by colour- chemists in a very definite and limited 
way In ordmary language the term depth of 
colour has at least two meanings Blue and 
red are said to be deeper colours than yellow, 
and also one yellow is satd to be deeper than 
another yellow if it is stronger or moie intense, 
i e less admixed with white Oolour-chemists 
restrict the use of the term, and employ it for 
the first purpose only. Blue is deeper than red 
or yellow, and red is deeper than yellow, ^’he 
ordinary colours arranged according to d(‘pth 
arc • green, blue, violet, red, orange, yellow, 

? e. the complements to the ordinary colours of 
the spectrum taken m ordci from the red to 
the violet end This rule scived for many 
years as a most valuable guide in extending the 
range of < olours m many groups of dyes, espei i- 
ally in the azo- group, m which the deepest 
colours were now soon obtained (blue-black, 
1882, Glaser) It may be said that this lule is 
still a valuable guide to the colour chemist 

In 1885 LieWmann and v. Kostanecki pub- 
lished the results of their investigations of the 
colour and dyeing projierties of the hydroxy- 
den vat ives of anthraqumone Although these 
authors did not commit themselves to any very 
definite statement, yet their publication drew 
the attention of colour-chemists to the ease 
with which colour could be deepened by the 
multiplication of auxocTirome groups in the 
molecule, provided these groups were suitably 
arranged This general principle may bo said 
to have been of equal value with Nietzki’s Rule, 
and for many years the development of dye 
manufacture was almost entirely controlled 
by these two rules. Very interesting and 
ingenious methods were developed by Bohn 
and Schmidt in 1888 and 1890 for the multi- 
plication of hydroxyl groups in the anthra- 


quinone molecule with the result that a complete 
range of colours was soon available in this gioup 
of mordant dyes. The continued application 
of the same idea led somewhat later to the 
reparation of anthraqumone dyes containing 
otli ammo- and hydroxyl- groups, such as 
alizarin saphirol (1898), which combines the 
advantages of deep colour and fastness with 
brightness and cleainess of tone Liebermann 
and Kostanecki’s Rule led at once to the careful 
study and production of dihydroxy-, ammo-, 
hydroxy-, and diammo-naphf halcno deiivatives 
and their emjiloyrncnt m the manufacture of 
azo- dyes This general juiruiple led to the 
production between the yeais 1887 and 1897 of 
an enoimous number of azo- d;y(‘s of all coloui*h 
In 1888 H E Armstrong put foiward the 
best-known theory which has ever been formu- 
lated as to the cause of colour in oiganic com- 
pounds This is known as the' Theory. 
Its author pointed out that t he c hemical foimulai 
of the well-known d^'C'stuffs either contained 
the quimmoid gioiiping oi could be slightly 
moditied or rearranged, m accoi dance with 
accepted ideas on tautomeiism, so as to contain 
this grouping M oi e i ecent work has shown that 

the original qumonoid theory cannot stand 
Moditicat-ions have liecn put forward by Jlaeycr 
(1907) and 11 v Liebig (1908), neither of which, 
however, is entirely satisfactory 

Of recent years it has come to be generally 
recognised that visible colour is only a special 
case of selective absorption That some sub- 
stances are coloured whilst others, neaily 
related, are colourless, must be regarded as 
moie oi Ic^ss ac c'lclental, and due to a physiological 
cause rather than to any essential physical 
difference betwecui them, viz to the fact that 
the human eye can only detecd selective absoip- 
tion within a limited range of the spectium 
The* problem of colour has thus icsolved itseli 
into two paits (1) the cause of selective 
absorption , (2) the cause of the absoiption 

lying within the limit^^ of the visible spectrum 
As to the cause of selective absorjition 
various theories have been put foiward m 
leccnt years We njay incmtion Baly and 
Desch’s theory, according to which absoijition 
bands are due to dynamic isomeiism (1904- 
1905), Stewart and Baly’s theory of isoiropesis 
as the cause of selective absoiption (1906), 
Watson and Meek’s theory that absoiqition m 
the visible spectrum and its neigh])ouihood is 
due to the icvcrsal dm mg tautomeric change of 
a con]ugate chain of alteinate double and 
single bonds (1915), the theoiy that absoiqiticm 
bands m tlic* visible ])ait of the spectrum arc 
due to the vibiation of elections, and Baly’s 
theory (1914) that absorjition bands m the 
visible and ultra-violet jiaits of the sjiectium 
are duo to ovei tones or summation or diffeience 
tones derived fiom fundamcmt.il vibr.itions 
causing infra-red absorption bands (infra -icd 
absorption bands have been attributed by most 
mvestigatora to the vibiations of detinite 
chemical radicals, Abney and Besting (1881), 
Julius (1888), Coblentz (1904-1905), and \\ eniger 
(1910)) In 1897 Paiier showed that under 
certain circumstances orcbnai}^ bioad absorption 
bands are replaced by a large number of fine 
bands, rccalhng the lines m the emission spectra 
of substances examined in flames or under the 



346 


COLOUR AND CHEMICAL CONSTITUTION. 


influenoe of the electric discharge Hartley | 
(1908) came to the conclusion that the oidinary 
broad absorption bands are formed by the 
fusion of these narrow bands Various ob- 
servers liave shown the intimate connection 
between such fine absoiption bands and the 
lines in the emission spectra of the same sub- 
stances, eg Wullner (1803), Mitscherlich (1864), 
Salet (1872), Eder and V.ilenta (1899) And, 
finally, in certain cases (hydrogen and helium) 
the lines in the emission spectra have been 
d(‘(iiiced with great accuracy on the hypothesis 
that they are duo to rotational vibration of 
electrons within th(‘ atoms 

The fact that so many different theories 
have boon formulated makes it obvious that 
no final conclusion has been reached as to the 
cause of absoiption bands in general 

As to the causes which bring the absorption 
bands into the visible spectrum and influence 
their positions witfiin the visible spectrum, 
many investigators showed that Nictzki’s rule 
was only a first approximation to the facts, and 
many exceptions to tins rule weie collected by 
Schutze (1892) Hewitt (1907) suggested that 
the chief oscillation frequency was less, and 
consequently the colour was deeper, the longer 
the conjugate chain of alternate double and 
single bonds in the molecule The present 
writer pointed out in 1914 that those dyes of 
which the molecular foimula. can only be 
wntten in a quinonoid form have all a deep j 
colour, whilst if the formula can be written j 
either in a quinonoid or a non-qumonoid form, | 
even groat molecular complexity may fail to j 
produce any great depth of colour Watson 
and Meek (1915) showed that in several series 
the period of the absorj^tion band is propor- 
tional to the length of the conjugate chain, 
which may bo assumed to reveise during 
tautomeric change 

No explanation has yet been offered of the 
great effect on depth of colour which is so 
fiequcntly produced by a multiplication of 
auxochromes The rehitivo position of the 
auxochrorncs has a great effect on the colour 
(lertain regularities in this respect have been 
pointed out by Kauffmann and Franck (1906), 
and Meek and Watson (1916) 

It cannot be said that the theories which 
have been formulated since 1885 have proved 
of much service for the preparation of dyes 
In the older group of dyes a complete range of 
colours had already been attained by assiduous 
experiment, guided by Nietzki’s and Liebermann 
and Kostaneeki’s rules It may perhaps be 
claimed that the quinonoid theory had some 
influence m the development of the azo- 
pyrazolone dyes. 1’he present writer was able 
to apply one of the rules which he formulated 
to the production of deep-coloured dyes from 
the yellow flavones, and the work in this direc- 
tion was perhaps of service for the recogmtion 
of the molecular structure of the colouring 
matters of flowers (anthocyanins) As to the 
new groups of valuable synthetic dyes which 
have been developed recently, the sulphide 
dyes, and the anthraquinone vat-dyes, the 
constitution of the former has been too little 
understood to allow of anything but empirical 
investigation, whilst in the latW group (the 
anthraqumono vat-dyes), our theories seem at 


present qmte unable to explain the wealth of 
colour phenomena exhibited by the dyes already 
synthesised 

A short account is appended of some of the 
more important theories and rules above 
mentioned 

Wilfs Rule — This investigator pointed out 
(Bcr 1876, 9, 522) that two things are required 
to give an organic substance colour and dyeing 
properties The molecule must possess a 
certain grouping of atoms to give it the potenti- 
ality for coloui, and it must also possess a salt- 
forming ladical to bring out the colour and 
dyeing pioperties The atomic groupings giving 
the potentiality of colour he termed chromo- 
'phoreSy and molecules containing them were 
called chromogem Ho specified the following 
chroraophore^ and gave illustrations of chromo 
gens containing them — 


Chromophores 

NO, 

—N-N— 

— 00 — 

/O _ 


x;eii4(oo), 


/ 


Chromogens 

C.H^NO, 

-N: 

/CO\ 

C.H / >CeH. 

^00/ 

O.H / >0 


It will bo noticed that some of the chromo- 
gens are colourless, e g nitrobenzene and 
phenolphthalem, whilst others have a feeble 
colour, e g azobenzene and anthraquinone ; 
but none of the chromogens has any dyeing 
property The colour is developed or strength- 
ened by the introduction of salt-forming i adicals 
into the chromogens These i adicals lie theie- 
foro termed auxochhmes. Hydroxyl, amino- 
and substituted amino- groups, e g. NHC'Hj, 
N(0H3)2, &c , are the principal auxochromes. 
Not all salt-forming groups can act as auxo- 
ehromes, e g. sulphonic and carboxyl gioiqis arc 
without this function The following table 
shows how the chiomogens already mentioned 
are converted into dyes by the introduction of 
auxochromes . — 


Chroniogen 

C.HjNO, 

C,H,-N=N— 


OeH. 


C0-C„H, 

: /“ 
COUeli, 


Dye 

C,Hi(NO,)OH 

Nitrophenol 

CeHdN02)NH2 

Nitranilinc. 

C,H.— N=N— C„H.0H 

lienzene-azo-phenol 

0,H,-N=N-C,H4NH, 

Aniline vellow 






Fluoiescelii 


The Quinonoid and Modified Quinonoid 
Theories. 

In 1888 (Proc. Chem. Soc 1888, 27-3,3) 
H. E Armstrong pointed out that the chemical 
formulas of the well-known dyestuffs either 
contained the qmnonoid grouping or could be 
shghtly modified or rearranged, in accordance 
with accepted ideas on tautomerism, so a& to 
contain this grouping. The qmnonotd grouping 
may be dafined as a benzene nucleus to which 
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dorivafcivcs (VII), and tho anhydride (VIll) of 
pherianthraqumone dioximo — 

NH 


other atoms or ajroups are attached by double 
bonds m the j>ara- or ortho- positions • 


\ 

■o 


Armstrong was }>robably much impressed 
by tho lecenily disco veied fact that benzene 
azo-)8-naphthol was identical with the phenyl 
hydrazono of j8- naphthoquinone, so that there 
was as much justification foi the formula 

0 


CflH.NH— N= 




as for the more usual one based on tho formation 
of the substance from )9-naphthol and a benzene- 
diazoniiim salt, viz 

HO 





and if it wore allowable to assume tautomeiism 
to a qumonoid form m this case, it might be 
allowable in other ease>, c g m the case of 
fluorescein 


"'0 


o 


0 


OH 


O 

^\Aoh 




CJT 


4\ >0 


/ 


CO 


COOH 


whilst in tho case of p-rosanilme it was quite 
consistent with experimental fact to suppose 
that on tho conveision of the base into salts 
there was elimination of a molecule of water 
and formation of a substance with a qumonoid 
structure 

/CeH.NIU 
HO— C-CeH^NII, 

mlh.nh: 


HCl 


//0flH4=NH HCl 
-C«H,*NH, d-H^O 
NH, 

Tn many cases the ordinary formula alre<ady 
contained tho qumonoid structure 

The theory has been shown to be untenable 
On the one hand, substances have been prepared 
which have a qumonoid stiucture, but are 
colouiless, and on the other hand, coloured 
substances are known to which a qumonoid 
structure cannot be assigned. 

Gohmrlr‘^s Substances 'possessing a Qumonoid 
Strurtwp — Irnmoqumone (I), diimmoqiunone 
(If), quinonedimethylimine (colourless m crystal- 
line form, yellow m solution) (III), dipheno- 
qumone (exists m two modifications, one of 
which IS colourless) (tV), and fuclisommmo | 
fV) ; also the dimethyl ether (VI), the diaeyl I 


0 


NCHo 






NH 

(T) 

o< 

(IV) 

o 


MeON NOMe 
(VI) 


NH 

(ID 

0 NH 


\. 

11 

NOH 3 

'(III) 

n TT 


o- 


11 II 

AcON NOAc 
(Vll) 



Coloured Substances to which a Qumonoid 
Structure cannot he assigned — Nitroquinol di- 
methyl other, the sulphate of ^^-trichlortriphcnyl 
carbmol, the fulvenes, e g dimethylfulvene, and 
some fatty compounds, such as di acetyl, tertiary 
nitroso- compounds, e g ^cr/-nitrosobutane, and 
dmitroparafhns. 

Baeyer^s Modification of the Qumonoid 
Theory — It lias already been mentioned that 
fuchsonuninc is colourless The mtioduction of 
a para- ammo group into one of the phenyl 
groups causes the development of colour 

p-NH,CeH. 

>=NH 

\ 

This and similar facts led A v Baeyer to 
suggest that the cause of colour is an oscillation 
of the qumonoid condition between two or 
more benzene nuclei (Join Cliem ISoc Abs 
1907, 1 504) If we call tho thiee benzene 
nuclei m the above compound A, H, and (J, it 
will be soon that tho oscillation of a hvdrogen 
atom will allow A and B alternately to become 
qumonoid : 


NH 


NH / B y 


<- 


NJI,' A 


NH = / B 


\ 




/ 


Baoyer suggested that this oscillation was the 
cause of tho colour. 

Many strongly-coloured substances are known 
m which such an oscillation is not possible 
And necessardy all the arguments against the 
original qumonoid theory apply with still greater 
force against this modified quinonoid theory 
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II V Liehtg^s Theory that — A — A — A — ts 
the Essential Or game Chromophore — The fact 
that the fulvencH are coloured, although they 
do not contain the qumonoid structure, led 
H. V Liebig to suggast that the essential cause 
of colour IS the arrangement of linkages which 
is possessed both by qumonoid compounds and 

II II II 

the fulvenes, viz — A — A — k . — (Annalen, 
IbOS, ,‘h)0, 128) This theory explains the (‘oloiir 
of nitroquinol dimethyl ether, which contains 
tins aiiangement of Imkagas — 

OMc 


0 




^ /() 
-N 

O 


The theory will not explain the colour of the 
tertiary fatty mtroso- compounds , and, of course, 
the existence of colourless qumonoid compounds 
is as much an argument against this modification 
as against the oiigmal quinonoid theory 

Niei’Zki’s Ruiiii The coloiii of a dyestuff 
ran be deepened by adding groups so as to increase 
its molecular weighty and the deepening of colom 


produced more or less, proportional to the 
increase of its molecular weight (Verhandl des 
Vereins zum Beforderung des Gewerbofleisses, 
1879, 68, 231). This rule was probably formu- 
lated by Nietzki to summarise well-known facts 
in connection with the triphenylmethane group 
of dyes, but apparently was not based on any 
systematic investigation The table on p 349 
shows that the rule applies to a considerable 
extent to other groujis besides the triphenyl- 
methane senes 

The rule was subjected to a careful examina- 
tion by Schutze (Zeitsch physikal (fiiem 1892, 
9, 109 et seq ), who pointed out many exceptions 
He showed that m some cases, e,g on the addi- 
tion of a nitro- group to indigo, the shade even 
becomes lighter instead of deeper, and he intro- 
duced the teirns hathychrome and hypsochromey 
the former bmng applied to those groups which 
produce a deepemng of colour, and the latter 
to those having the contrary effect Anothei 
example of a hypsochrome is the acetyl group 
All dyestuffs contaming hydroxyl- or ammo- 
groups become much lighter m colour when 
completely acetyl ated 

'riie following table is of interest, as showing 
I that m some cases tlio molecular weight may 
' be made very large without a deep colour being 
! attained 


Molectilfti toi inula 

■ 

Mol wt 

SlitUle of dyoing ^ 


198 

yellow 

0,H,- 

346 

brownish yellow 

N=N-C,H,-N=N-C.H4-N=N-(!,H,(Vo()H 

460 

brownish yellow 


274 

orange 


482 

i 

yellow 

('eH4-N=N-C-,H,0”,j, 




752 

yellow 


Hewitt’s Role This investigator’s re- 
searches on the colour of azo- comjiounds led 
him to th(' ( onclusion tliat the chiei oscillation 
fiequency is less, and consequently the colour is 
deeper, the longer the conjugate chain, i e the 
chain of alternate double and single bonds, in 
the molecule (('hem Soc Trans 1907, 91, 1251) 
He noticed that m the case of many azo- 
dyes the introduction of a nitro- group mto the 
benzene nucleus not containing auxochromes 
produced very pronounced deepening of colour 
m alkaline solution, e g p-nitrobenzeneazo- 
phenol and p-mtrobenzcneazonaphthol have 
much deeper colours (crimson and violet) than 
benzeneazophenol and benzeneazonaphthol 
(orange and crimson respectively) He brought 
forward evidence m favour of the assumption 
that m alkaline solution these nitro- derivatives 


have an iso- mtroso structure, and in tins foim 
the nitro- deiivatives have a much longer con- 
jugate chain than the parent substances, e g • — 

\n=:< >=N— N=< >=0 

QV / \— / 

compared with : 

/ ^Nii— n=<:^2^^=o 

Sircar ((Jhem Soc Trans 1916, 109, 767, 
€i seq ) showed that in very similar azo- com- 
pounds the length of the conjugate chain is not 
Iiroportional to the depth of colour, e,g. 4- 
nitronaphthalene-1 -azophenol only gives a rod 
colour in alkaline solution, whilst p-mtrobenzene- 
azo-a-naphthol dissolves in the same solvent 
with a bkie colour, whilst the two substances 
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Name 

Molecular foimula 

Mol 

wt. 

1 

Shade of djeing 1 

1 

Pararosaniline . 

Methyl Violet R 

Methyl Violet 3B 

Rosaniline Blue 

Iodine Green 

CeH^NH, 

Cfc^H^NH^ 

V)aH 4 =NH 2 Cl 

.CgH^NHCHa 

C^C\H 4 NH 0 H 3 

\CflH 4 =:NHCH 3 Cl 

y0eH4N(CH3)3 

C^CeH4N(CH3)3 

=N(CH 3 ) 3 C 1 

NHC 3 H 3 

Cl 

.CeH4 N(CH3)3 

C^CeH 4 N(CH 3 ) 3 -fCH 3 l 

V:)«H 4 =:N(CH 3 ) 3 l 

281*5 

323 6 

365 6 

509 5 

599 

198 

248 

512 

772 

240 

272 

288 

332 

[ 

648 i 

364 

Magenta 

Reddish violet 

Violet 

Blue 

Green 

Benzenc-azo-phenol 
Benzene-azo-naphthol. 
Biebnch Scarlet . 

Naphthol Black . 

C.Hj— N=N— C,H,OH 

C.H,— N=N— C,oH.OH(y3) 

SOsH C.H 4 — N=N— C,H3(S03H) 
— N=N— C,oH, OU(0) 

(SOjHjjC.oH,— N=N— C,„H.— 
/Oil 

N=N-4:!,oH4< 

\S 0 ,H )3 

Yellow 

Red 

Red 

Black 

Alizarin 

Alizarin Bordeaux 

Alizaiin Cyanine 

co^ 

c,h/ >C,HA 011)3 
\co^ 

CO. 

(OHjAH/ >C.H 3 ( 0 U )3 
\C 0 / 

CO. 

( 0 H)AH 3 /^^\c.H( 0 H )3 

Red (on alum) 

Boidcaux (on alum) 

Violet (on alum) 

Muorescoin 

Eosin • 

r 

Galloin 

\/\c/\/ 

C.H / \o 
'CO'' 

Br ^ Br 

“•"‘CoA 

HO ,, OH 

HoA^/ 

C,H4( > - 

'Co/ 

Yellow 

! 

Red 

1 

1 

Violet to blue (ac- 
cordmg to mor- 
dant.) 

Indigotin . 

C^H^N^O, 

262 

Indigo blue 

Ciba Blue BB (Totra- 

CLH.N.OjBr, 

578 

1 Greenish blue ' 

bromindigotin) 

" 


1 1 

1 1 
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have conjugate chains of the same length He 
came to the conclusion that m azo- dyes the 
depth of colour is proportional to the length of 
the conjugate chain reckoned from the auxo- 
chromo to the azo- linkage 

Watson’s Rule “The present wiitcr pointed 
out (Proc Chem. Soc 1913, 29, 348. Chem 
Soc. Trans 1914, 105,^ 759) that dyes whieh 
are quinonoid in all possible tautomeric forms 
have a deep colour, no matter how simple their 
structure or how small their molecular weight. 

‘ In the following table there arc placed 
opposite each other in the two columns dyes of 
very similar constitution which yet show 
remarkable differences in depth of colour — 
Hexahydroxylrerizophenoiie 
(Dyes yellow on alum and chrome ) 
CJl2(OH)3-CO C,H,(0H)3 

Leather yellow 
(Dyes ^ell()W on leather ) 

0,H, Nil, 

e,H / 


4 4'-Diaminoa/()ben/enc 
(Yellow ) 

NH, 0^114 N N(\tl4Nir, 


Qucicetm 

(Yellow on alum yellowish brown on chiome ) 
O 




/ 

X/ 

CO 


C(!,H,(011), 

COH 


Mviuetin 

(Dyes simdar shades to queicetm ) 

0 

CC«IL(0H)3 


06H,(OH), 


\ 


/C OH 


CO 


Anthracene blue W R 
(Dyes violet on alum, blue on chrome ) 

^ oc^ 

Magenta 

(Dyes bluish led ) 

C„H, NH, 


Indamme 
(Blue ) 

NH*CeH4 N(\H4NH, 

Gallacetem 

(Dyes violet on chrome ) 

O 

/'^C ; CeH,(OH), 
Cell, (OH)/ I 

\^CH 

i) 

CH. 


‘ The dyes m the nght-hand column can 
only be represented by formulse containing a 
quinonoid arrangement. Whatever tautomenc 
change they may be supposed to undergo their 
formulee still contain the quinonoid arrange- 


ment Those on the left hand differ in that they 
can be represented by formula} not containing 
this arrangement They can, of cour&e,t be 
supposed to tautomense into forms containing 
this quinonoid airaiigement, but in all cases it 
is possible to rc‘piesent them also in a iion- 
quinonoid form.’ ‘ A suivey of all the better 
known dye-stuffs fully bears out this theory. 
The triphenylmethane dyes, the pyronine.s, 
benzeins, and ffuorones, the indophcnols, inda- 
mincs, oxazines, thiazmes, azines (safianines, 
&c ), all satisfy this requirement and exhibit 
deep colour, in many cases with little molecular 
complexity. Haematcin and brazilein conform 
to this rule, ’fhey have almost the same 
molecular weight as the flavones, and there is 
considerable resemblance in their structure , 
but they confoim to this rule, wliilst the flavonc's 
do not, and consequently then colour is much 
deeper The alizarin series, and also naphtli- 
azarin, illustiate the rule On the other hand, 
the monoketome dyes, e q the benzophenone 
and xanthone derivatives, the flavones and 
ffavonols, ellagic acid, and the azo- dyes can 
bo repioscnted by non-qiiinonoid formulae , and 
many mombcis of these gioups, despite veiy 
considerable molecular complexity, have no 
great depth of coloui ’ 

Watson’s and Mekk’s Mooification of 
Hewii't’s Rule — In passing from one tauto- 
meric form to anothci there is a reversal of the 
conjugate chain, so that double and single 
bands change jflaccs all along the conjugate 
chain In that giouyi of substances winch 
can only tautomeiisc fiom one quinonoid foim 
to another the conjugate cham levemed is 
geiieially longer than m the othei gioup of 
substances which can tautomense from a 
quinonoid to a non-qumonoid foim An 
ajipieciation of this fact led to the foimulation 
of a fuither modification of Hewitt’s lule, viz. 
that the lolour is deeper the longer the con- 
jugate chain reversed during tautomenc change 
(Watson and Meek, Cfliem Soc Trans 1015, 
107, 1567) This lule was tested by measunng 
the wave-lengtlis of the maxima of the absorption 
bands of seven pairs of subst<in(.es which weie 
selected as being veiy similai in stiuctuie, but 
having conjugate chains of diffeicnt lengths 
levei-sed dunng tautomensm It was found 
that in each of these seven 2 >aii-s the penod of 
the vibration was pioportional to the length of 
the conjugate cham reversed (see table, p 352) 

The reversal of the chain is shown in the 
following structural foimulse for 4 • 4'-tetia- 
mothyldiaminobenzhydrol (Michlei’s hydrol) and 
4 4'-tetramethyldiaminobenzoj)heiione (Mich ' 
ler’s ketone) — 




NCCJl,)^- 


(CH,); 

OH 

)n (. cii,). 
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Name 

Molecular formula 

Shade of dyeing 

Alizarin 

/CO. 

C,H /^^^^\C,H,(0H), 

Red (on alum) j 

Alizarin Bordeaux 

/CO., 

BoidoaiJX (on alum) 






Alizarin C^yanine 

CeH(()H)3 

Violet (on alum) 


^co^ 1 



Fluoiescein 

i 

on 

Yellow 


c.H..: >) 

'co/ 


(iallein 

no ,, on 

HO/ ''.A A' on 

Violet to blue (accoid- 


mg to moidant) 


\/ " q / A 



C.H A A,_, 

'CO' 


Aniline Yellow . 

(‘ell,— N-N—CeH4NH, 

Yellow 

(UirysoidiDo 

C,H,-N==N-C,II,(NHj), 

()i ange 

Azooiscdline 

CeHi— N=N— C.„H.(.SO,H)On 

1 

Biownibh-red 


CJl4-N=N-C,„H,(KO,H)OH 


Congo Violet 

Congo Red 

ditto (isomenc) 

(‘eH,-N=:N-C,oH 5 (« 03 ll)Nir 3 

1 

Violet 

Rod 


(^en,-N-N-(\oH 5 (S 03 lJ)NH, 


Naphtliocyanino 

(‘eH,--N=N-(\oH4(803D)(011)3 

1 

Blue 


Cell,— N-N- C,„H4(S0,H)((DI)2 


Diamine Black, B 

C^ell,- N-N— C\oH4(^S()3lI)(()D)(NH,) 

i 

Blac k 


CeH,— N=N— (\„H,(S()3H)(0H)NH, 


Diamine Blue, BB 

ditto (iBomeiic) 

Blue 

Brasilein 

\AoX<»‘" 

11 jCHa 

\_ 

OH II 

0 

AAA““> 

11 

/ — \ 

Red 

Hsematein 

Blue 


\ / 



OH 11 



0 
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4 4'-T(‘ii ariiefchyidiaminoben/hydrol 
4 4'-Tetiainothyldiaminobonzoplienone 
4 • 4'-i>ianunobf'nzhydrol 
4 . 4'-Diamiiiobenzo|)honoiie 
Quorcetm reduction product 
Quercetin 

Morin reduction product 
Morin 

Apuremn reduction product 
Apigenin 
Pyronme G 

3 6 Tetrarncthyldiammoxanthonc 
3 Hydroxyfluorono 
3 G Dihydroxyanthono 


Length of 
conjugate chain 
reversed during 
taiitomerism 

Wave-length of absorption 
band 

~ ratio =1 G 

3 

«l^rat.o=165 

3080 

- ratio =1 6 

3 

«64?rat.o=lG6 

3414 

- ratio =1 G 

3 

GlOO , , rr 

- ratio =1 65 

3690 

^ ratio =1 d 

O 

Sp, 

? ratio =1 G 

3 


~ ratio =1 3 

3 

•^480 , .... 

. ratio =1 41 

3861 

^ ratio— 1*3 

ratio =1 32 

3810 


Effect of Multiplication of Auxochromes j 
ON Depth of (’olouu I 

Additional auxochroiues fre([uently deepen 
the colour to a very great extent This may be 
legarded as an example of Nictzki’s nile, but 
the effect produced is gemually much greater 
than we should expect from the very moderate 
weight of the additional auxochromcs, e q from 
the first table given m the paragraph on 
Nietzki’s lule, it will be observed that two 
hydioxyl gioups added to fluorescein (pro- 
ducing galloin) deepen the colour much more 
than four bromine atoms ([iioducing eosin), 
although th(‘ir weight is much less The table 
on page 351 illustiates the great effeet of 
additional auxoehromes 

The relative positions of the auxochromcs 
has a very great effect on the colour, e q theie 
are two isomeric he\<ihydroxyanthrac[uinones, 
anthiaceno blue WR and lufigallol, one of 
which LS blue and tlie other brown 

From a study of the polyhydroxyanthraquin- 
ones. Meek and Watson ((3iem ftoc Tians. DIG, 
101), 557, (L siq ) suggei^ted the following lules 
as to the influence on the colour of the relative 
positions of the auxoehromes — 

(а) Two hydroxyl groujis in one benzene 
nucleus in the o- or p-position with respect to 
one another are necessary to jnoduce a deep 
colour 

(б) The colour is still further deepened if 
both benzene nuclei contain jiairs of hydroxyl 
groups m the o- or p-position to one another 

(c) Three hydroxyl groups in the 12 4- 
position in one benzene nucleus produce a 
deeper colour than a pair of hydroxyl groups in 
the 0 - or p-position. 

(d) Three hydroxyl groups in the 1 : 2 • 3- 

E osition in one benzene nucleus produce a 
rown colour. 

And these rules are apparently applicable i 
to all groups of dyes, eg — 

(a) The hydroxy- derivatives of azobenzene 
dissolve in potash with the following colours 


p-Hydi oxya/obenzene 
o-Hydroxyazol)enzene 
Bcnzoncazoresorcinol 
Bcnzcncazocatcchol . 
Benzeneazoqmnol 
Benzeneazopy 1 ogallol 


Yellow 

Yellow 

Oiange 

Caiminc 

Blue 

Brick-red 


(b) Fluorescein, (^[umolphthalein, and cate- 
cholphthalein cbssolve in potash with a yellow 
colour , hydroxyquinolphtnalcin gives a cheiry- 
red, gallein a blue, and phloroglucmolphthalcin 
an orange under the same conchtions 

(c) The same rules are seen to apply to the 

pyranol dyes E R W.jf^ 

COLUMBIA BLACK, BLUE, -GREEN v. 

AZO- COLOURING MATTERS 

COLUMBIA YELLOW v Primuline and 

ITS DERIVATIVES. 

COLUMBIC ACID, COLUMBAMINE, and 
COLUMBIN V Calumpa 

COLUMBITE. A columbate (niobate) of 
iron, usually containing some manganese 
(‘ manganocolumbite ’) and tantalum, thegeneial 
formula being (Fe,Mn)(Cb,Ta)20g With an 
mciease in the amount of tantalum, there is a 
tiansition to the isomorphous species, lanialitc 
{q v) The orthorhombic crystals are dark 
brown or black and opacj[ue, and range in sp gr. 
from 5 3 (columbite) to 7 3 (tantalite) It was 
in this rmneral that C Hatchett discovered, 
in 1802, the element columbium, so named 
because the specimen he examined came from 
America Columbite is usually found as smgle 
crystals embedded in pegmatite or granite ; 
for example, at Haddam and Middletown m 
Connecticut, Chesterfield in Massachusetts, 
brilliant crystals m granite at Standish in 
Maine, large masses up to 2000 lbs in granite 
veins in the Black Hills of South Dakota, and at 
several other Amencan localities At Ivigtut 
in Greenland it has been found in the cryolite 
deposit Large crystals are found in the felspar 
quarries near Moss in Norway. Other localities 
are Rabenstein in Bavaria, Bushman Land in 
South AfrjLca, Madagascar, &c. L. J. S. 
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COLUMBIUM {Nichium). Sym. Cb. At. wt 
93 •! (Smith and van Haagen). Although this 
metal is still commonly termed niobium by tho 
mineralogist and the metallurgist, the name 
columbium, which was given to it in 1802 by 
Hatchett, who first isolated it in tho form of a 
new ‘ earth ’ (Cb^Og) from ‘a mineral found m 
Connecticut, has been officially adopted by the 
chemist in English-speaking countries, and 
generally throughout the world, except perhaps 
in Germany. 

Columbium is a member of a group of com- 
paratively rare metals, including tantalum, 
tungsten, molybdenum, titanium, and uranium, 
commonly occurring together in mineials found 
in the olcfest Plutonic rocks and especially m and 
around intrusions which traverse pegmatites 
and other extremely coarse-grained granite 
rocks. Monazite, and other minerals con- 
taining metals of the cerium group, zircons, 
cryolite, and fluorspar, and minerals con- 
taining lithium, caesium, and rubidium, are 
often associated with those minerals, and 
are probably intimately connected with their 
genesis. 

Although an extremely rare metal, colum- 
bium exists as tho pentoxide in a considerable 
number of minerals, in some of which — ^such as 
pyrochlore and columbite — it may be regarded 
as tho essential constituent, while, in others, 
although practically always piesent, its propor- 
tion vanes from a mere trace up to an amount 
which justifies its being considered as the 
principal oxide. 

Columbium occurs in minerals only as the 
pentoxide Cb^Og, m combination with a base, 
tho columbium in the few minerals (such as 
wohlente) which contain silna, being piesent as j 
a silico-columbate, and never as a silicate of 
columbium. I 

A list of thirty or forty minerals in which | 
columbium is commonly found in association 
with tantalum might bo given, but tho principal | 
will bo given in tho article Tantalum, with 
which metal columbium invariably occurs in 
nature From tho technical point of view, the 
pnncipal columbium minerals are those which 
consist essentially of columbates of iron, man- 
ganese, and lime, zircoma and metals of the 
cenum group being also usually present in, or 
at any rate intimately associated with, such 
minerals as contain lime. 

Tho mineral richest in columbium is p?/7o- 
cMorey a columbato of lime containing titanium, 
cerium, and thorium, together with other alka- 
line earths and alkali b«ases and some fluorine 
The most important mineral, however, is the 
columbate of iron and manganese known as 
colmnhite or mobile, in which the Cb^Og may 
even exceed 78 pc, a condition nearly reached 
by certain specimens occurring in the cryolite 
of Arsukfiord (Greenland). 

Tho columbium is always paitly replaced by 
tantalum, the proportion of which may vary from 
a trace througn all gradations, until the mineral 
merges into tantalite which is isomorphou® with 
columbite, and which occurs in much larger 
quantity and furnishes tho bulk of the tantalum 
of commerce and, as a by-product, of the 
columbium. These two minerals are found in 
alluvial deposits with cassiterite and wolfram, 
and in isolated masses left by the denudation of 

VoL. n.— SP. 


intrusions in pegmatites, &c , at Greenbushes 
and olsewhoro m Western Austialia, in Colorado 
(Canon City), Dakota (Black Hills), North 
Carolina and other distncts of tho United 8tates, 
and in Sweden, Norway, Gicenland, Madagaseai, 
llhodcsia, and many other districts. They may 
bo considered to possess tho general foimula 
(PeMn) 0 (CbTa)^ 05 , the relative propoitions of 
ferrous and manganous oxides varying within 
extremely wide limits 

New deposits are constantly being dis- 
covered, and columbium, like many others of 
the rare metals for which a demand now exists, 
will doubtless bo found to occur in much larger 
quantities than is generally believed 

Amounts, far in excess of present require- 
ments, are obtainable as by-products fiom the 
preparation of tho rare earths employed for 
incandescent mantles, from tm and wolfiam 
ores, and from the heavy waste rnatenal obtained 
in the dressing of cryolite 

Metallic columbium may bo prepared by 
passing a mixture of the vapour of the pciita- 
chlonde and hydiogcn through a red-hot tube 
(Roscoc) , by elect lolysis of the oxy fluoride ; 
in a less pure condition, by heating the pentoxide 
with caiBon in the electiic fmnaco (Moissan) , 
by the alummo-thermic process, and by the 
method of von Bolton, introduced with a view 
to tho manufacture of metal filament lamps, 
before tantalum came into use In this pro- 
cess, tho pentoxide is mixed with paraffin 
and formed into threads which are heated tn 
mcu6 to a temperature of over 1000” by passage 
of an electric current 

By the alumino-thermic reaction, von Bolton 
has obtained columbium containing about 3 p o 
of aluminium which can be driven off with otner 
impunties by prolonged heating w raru6 in tho 
electric furnace The purest columbium hitherto 
prepared in bulk is said to have been thus ob- 
tained Like tantalum, it can also be obtained 
by reduction of the fluoride K 2 ('bF 7 with potas- 
sium, as a black powder from which the lesidiial 
hydrogen may be expelled by shaping it into 
small cylinders and melting tn varv6 in an 
electiic furnace 

Although the most important use of tantalum 
IS for manufacture of electiic lamps, in which 
ease it requires to be separated from columbium, 
the amount actually consumed for tho purpose 
IS extremely small Tlio standard tantalum 
lamp, introduced in 1004, contained only one 
twenty- thousandth of a pound of tantalum, 
and those now manufactured contain much 
less 

The method employed for the separation of 
columbium from tantalum m the preparation of 
the latter element foi electric lamp filameilts 
probably depends essentially upon a fractional 
crystallisation of the mixed double fliioridps of 
potassium with tantalum, columbium, and 
titanium. 

Metallic columbium melts at 1950°, and has 
a 8p.gr of 12 7, and an electrical resistance of 
0*1870 ohm for a wire 1 metre long by 1 mm. 
diameter It is le^s malleable or ductile than 
tantalum, but the rolled metal has a hardness 
greater than that of wrought iron, and may be 
welded at a red heat. 

Although the powdered metal oxidises 
rapidly when' heated in air, the rolled or casl 

2 a 
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metal is but little affected, as a protective 
coating of oxide rapidly forms It is practi 
cally unaffected by an acid except hydro- 
fluoric acid, or by solution of the alkalis, but is 
rapidly attacked by fasod alkalis or alkaline 
nitrates 

It combines with carbon when heated, and 
at dull redness rapidly absorbs hydrogen or 
nitiogen and becomes brittle, the hydride and 
nitride respectively being apparently formed. 

It reacts violently when heated with sulphur 
or selenium, and forms the volatile penta 
chloride when heated to redness m chlorine 

It does not form an amalgam with mercury, 
but alloys with many other metals and in all 
proportions with iron 

The compounds of columbium have not yet 
been applied commercially, but the pentoxide, 
generally known as columbie acid, and the 
fluorides, especially the double fluoride with 
})ot.issium 2KF (^'bKg are of interest in con- 
nection with the pr(‘])aiation of the pure com- 
pounds or metal fiom minerals. 

For methods of analysing columbitcs and 
tantalites, and of estimating columbium in 
presence of tantalum, scp G (fliesneau ((’omjit 
rend 1009, 140, 1132, J Soc (fliem. Ind 
1910, 29, 93), J Moir (J (3icm. Met and Mm 
Noc S Africa, lOlfl, 10, 189, J Soc Cfliem 
Ind 1910, 35, 1)37), Odes (Ohem News, 1909, 
99, 1), Simj»son ((Oiern News, 1900, 99, 243), 
Met/ger and 'flaylor (Zeitsch anoig Chem. 
1909, ()2, 383), Weiss and Landecker (Zeitsch 
anorg (^hem. 1909, (>4, (>5), rf Foote and 
Langley (Arncr J Sci. 1910, [iv ] 30, 401), cf. 
Hauser and Lewitc (Zeitsch angew. Chem. 1912, 
25, 100), Moimberg (Zeitsch angew Ohem 
1913, 20, 83), Meimberg and Wmtzer (Zeitsch 
angew Oln^ra 1913, 20, 157), Levig (Analyst, 
1915, 40, 204) 

For a method of estimating columbium and 
tantalum based on the diffeiencc between the 
densities of the oxides of columbium (4 552) 
and tantalum (8 710), .see Foote and Langley 
(Amor J Sci 1910, [iv ] 30, 393), .see also Ruff 
and Schiller (Zeitsch anorg. Ohem 1911, 72, 
129). O T. H 

Compounds of Columbium. 

Columbium dioxide CbO or Ob^O^, formed 
by heating potassium columbium oxyfluoride 
with sodium, is a white powder, which bums 
when heated in the air, forming the pentoxide 
In chlorine it ignites, forming the oxychloride 
ObO(d,. Is soluble in hydrochloiic acid with 
evolution of hydrogen. 

Columbium tetroxide CbO^ or Cb204, a 
black powder, formed by heating the pentoxide 
in hydrogen, or with magnesium. Burns when 
heated in the air to redness 

Columbium pentoxide Cb^Og, a white infusible 
powder of spgr 4*53-4 568 (4 8 Balke and 
Smith). 

Columbie acid HCbOg, a white powder 
formed by decomposing the oxychlondo or 
pentachloride with water. Slightly soluble in 
not hydrochloric acid. Yields the pentoxide 
when strongly heated. Potassium hexacolumhate 
K«Cb40,9,6H20, formed by fusing the pentoxide 
with potassium carbonate. Large monoclinic 
crj^stals, efflorescing on exposure to dry air. 


Other potassium columbates are K6Cb40 jg, 1 SHgO; 
2K20b40ii,llll20 ; K40b207,llH20 Sodium 
columbale 7Na20,60b205,32H20 (Bedford, J. 

! Amer. Ohem. Soc. 1904, 26, 1235) ; Sodium 
I metacolumbate Na2O,0b2O5,7H2O (Balke and 
Smith, J. Amer Ohem Soc. 1908, 30, 1637) 
For the composition of other columbates, see 
Balke and Smith {I c ). 

Percolumbic acid H0b04, an amorphous 
yellow powder, obtained by treating columbie 
acid with hydrogen peroxide Is decomposed 
! on warming with sulphuric acid Potassium 
j percolumhate or pyrocolumbatc K40b2Oij,3H2O, 

I formed by mixing hydrogen peroxide with a 
solution of potassium columbatc and addmg 
alcohol Decomposed by water Yields hydro- 
gen peroxide and ozone with concentrated 
sulphuric acid For other percolumbates, see 
Balke and Smith [I c ) 

For the hydrosols of columbie acid see 
Hauser and Lcwikc (Zeitsch angew Chem 
1912, 25, 100) 

For the electrolytic reduction of columbie 
acid and its salts, see Ott (Zeitsch Elcktiochem 
1912, 18, 349) 

When columbie acid is dissolved m con- 
centrated sulphuric acid, the solution diluted, 
and then reduced with zinc, an mdigo-blue 
solution is obtained which leduces a solution of 
copjier sulphate to metallic copper , the solu- 
tion IS thus more stiongly reducing than one 
containing tiu valent titanium. 

Columbium pentafluoride CbFg, colourless, 
strongly refractive monoclimc prisms, D^®3 293 ; 
mp 75 5° (corr), bp 217°-2207760 mm 
(corr ) Obtained by the action of fluorine on 
columbium Very hygroscopic ; readily soluble 
in water Solution precipitates columbie acid 
on addition of ammonia or sodium hydroxide 
(Ruff and Schiller, Ber 1908, 42, 492) 

Columbium oxyfluoride CbOFg foims double 
salts with other metallic fluondes, of which 
the alkaline salts have been investigated by 
Marignac. 

Columbium trichloride ObOlg, a non volatile, 
non-dcli(juescent ciystallme substance resemb- 
ling iodine, forming long chchroic needles 
Oxidised on exposure to air, and yielding 
columbium oxychloride CbOClg, and carbon 
monoxide when heated in carbon dioxide 
(Roscoe) 

Columbium pentachloride ObClg, yellow 
needles, obtained by heating columbium pent- 
oxide mixed with charcoal in a stream of 
chlorine Also formed by heating the pentoxide 
with sulphur monochloride SgCl^ , or, together 
with the oxychloride, by heatmg the pentoxide 
with carbon tetrachloride ; m p 194° ; b p. 
240 5°; spgr 2-73-2 77. Gives a normal 
vapour density. Soluble in carbon tetra- 
cliloride, chloroform, and alcohol. Its solution 
in hydrochloric acid gelatinises, and on addition 
of water, forms "olumbic acid. On reduction 
with sodium amalgam gives cJdorocoluwhium 
chloride (0bgCli2)Gl2,7H20, black, shimng crys- 
tals, forming an olive-green powder, insoluble 
in cold water, but soluble in hot water to an 
olive-green solution Only two of the chlorine 
atoms are ionic. When treated with the equiva- 
lent amount of sodium hydroxide, chloroccdum - ' 
hium hydroxide (CbgCli2)(OH)2,8H20 is formed 
as a bl&ck microcrystalline precipitate, and 
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from this the hromide (CbgClxa)Br2,7H20 is 
obtained. The liydroxide is soluble in excess 
of sodium hydroxide, and from the solution 
excess of concentrated hydrochloric acid pre- 
cipitates a brown powder 0«IJi4,9H20 (Harned, 
J. Arner Chem. Soc. 1913, 35, 1078) 

Reduction of a solution of columbiiim 
pentachloride at a platmum cathode gives a 
blue solution, which is of a colloidal character ; 
with gold chlonde it gives a magnihcent puiple 
liquid, from which, on boiling, a purple precipi- 
tate deposits This precipitate is similar to 
purple of Cassius ; it colours glass a violet-red 
(St-ihler, Bor 1014,47,841). 

Columbium oxybromide CbOBr, and penta- 
bromide CbBcg also exist, and an iodide has 
boon formed (Bair, J Amcr C/hcm Soc. 1008, 
30, 1008) 


I high specific heat, so that its rise in temperature 
I may be kept within reasonable limits , and it 
i should have a high thermal conductivity, m 
t order that the heat it absorbs may bo rapidly 
I carried away 

(d) The design sliould bo such as to admit of 
the condenser being readily cleansed. 

It IS not possible to obtain materials entirely 
satisfactory in each of the above respects, and 
so in practice the mateiials employed are those 
which combine clieapncss with reasonable 
satisfaction in the foicgoing particular. For 
laboratory apparatus, the material commonly 
I used is glass , metals (block tin, copper, &c ) 
I are less often employed, except for constructing 
j fairly largo pieces of apparatus , of leeent years, 
silica has found a limited use. 

(Condensers arc used in two diflcrent kinds of 


Columbium sulphides Cb8_j and (^b^Sg, 
corresponding to the oxidc-s, have been prepaied 
(Blitz and (fonder, Ber 1007, 40, 40, 63). 

Columbium oxysulphide ('bOS^, a black 
crystalline powder formed by heating the 
pentoxido in the vapour of caibon disulphide 
mixed with carbon dioxide 

Columbium nitride Cb^Ng. A yellow powder 
formed by heating columbium in nitrogen 
(Moissan, (fompt lend 1901, 133, 20, Mutli- 
inan, Weiss and Reidclbaucli, Annalen, 1007, 
335, 58). 

The spectrum of columbium contains thiity- 
one more or less complete groups of hve lines 
showing wave-number differences equal to 
720 25, 1027 02, 355 10, and 303 20 respectively 
(r/. Siegbahn and Froinan, Ann. Physik 
1916, (iv.]49, 611) 

For arc spectrum of columbium, see 
Hildebrand (J Amor. Oliem Soc 1008, 30, 
1672) 

For the magnetic resolution of the spectrum 
lines of columbium, see Jack (Proc Hoy Irish 
Acad 1012, A, 30, 42) 

COLZA OIL V Rai’E om 

COMENAMINIC ACID c Bone oil. 

COMMON CAMPHOR Camphors. 

CONCRETE V . Cement. 

CONDENSERS. A condenser is an ap- 
paratus in which the vapour of a liquid may bo 
cooled down to a tcmperatuie below that at 
which it IS converted into the liquid state under 
the prevailing pressure The condensation of 
the vapour is usually clTectod by bringing it into 
contact with a cold surface, to which it imparts 
its heat, suitable arrangement being made for 
convoying away this heat from the cooling 
surface. Although air cooling is sometimes 
depended upon for this latter purpose, the 
arrangement usually adopted consists m causing 
a stream of cold liquid (water in the majority of 
cases) to circulate over the exterior of the con- 
densing chamber The following points should 
be considered in the designing of an ellieient 
condenser : — 

(a) The cooling surface mu.st bo made of 
material upon which the vapour has no chemical 
action, and should be capable of withstanding 
repeated variations of temperature without 
fracture 

ih) The area of cooling suiface should bo as 
great as possible, without making the apparatus 
unduly large and heavy. • 

(c) The material sliould preferably have a 


operations. (1) for condensing vajiouis in dis- 
tillal ion processes, m which case a still is attached 
to the uppei end and a suitable receiver to the 
lower end ; and (2) as ‘ icfliix ’ apparatus in 
eases where it is necessary to boil a liijuid for 
some time without siMisible loss thiough (wapora- 
tion , the v^essel containing l,hc boiling liquid is 
then attaidied to tlie lower end of the con- 
denser and the comlensed vayionrs 6ow b<i(‘k 
into tlie ve«sscl A number of (ondensers 
d<‘seiibed below arc specially designed for this 
purpose 

The simjJest type of condcnsci is the familiar 
form devised by Weigel in 1771, but usually 
known as Lic'big’s condensei ft consists 
simply of a straight eylmdiu'al glass lube, in 
which the vajiour is condensed 'fhe uppei end 
is widened out slightly to facilitate connection 
with the still, and its lower end is ml olf 
obliquely , a cylindrical glass jacket is slipped 
over the greater portion of the length of the tube, 
and through it, by ajipropnate entiance and exit 
tubes, cold water is ciiculated in an upward 
diicction, so that the vajiouih passing down the 
inner condenser tube encounter a surface the 
temperatuio of winch continuously falls in 
the diiection of the icceiver MOns type of con- 
denser admits of considerable vaiiation and 


modification in the jirecise det.vils 
tion , thus, with a view to exposing 
a large cooling suiface, the poition 
of the condenser within the jacket 
IS sometimes made of ajiproxi- 
mat/cly rectangular section, thus 


CD’ 


mg broadened consider- 


ably in one chreetion ; in other 
condensers the central poition 
cariies a series of bulbs blown on 


it (Pooling surface is obtained in 
some condensers by replacing the 
central portion by a closely wound 
glass spiral, as in Fig 1, the water- 
jacket being sealed on to the 
condenser proper. The modified 
Weigel condenser, shown m Fig 2 
(Chem. Zeit. 1902, 26, 633), is 
arranged for use with the tw'o 
limbs a and c of the inner U-tube 


of construe- 



Fia. 1. 


on the same level to prevent accumulation of 
liquid at h. The jnner tube is fused into the 
outer tube at d. 


Glass condensers with water-jackets sealed 
on are restricted in their use to the condensation 



356 


CONDENSERS 


of the vapours of liquids of fairly low boiling- 
point (below 100°), since otherwise the glass 
joints are liable to crack For liquirls of 
moderately high boiling-pomt (140°-200°), it 



usually suffices to employ merely the inner tube 
of a Weigel (Lu'hig) comlcnser (an condenser) 

In the icflux condon^ci's illustrated in Figs 
3 and 4 (J Soc Chem Ind 1807, 10, 070) the 
relative positions of the vapour and cooling 
stream of water are reversed, the watci enfeiing 
as shown by the arrows (at a in Fig 3) A 
large area of exposed suifare ls obtained in 
these condensers, which, it will bo obsersed, aie 
of the ‘ double suiface ’ tyjie, since, in addition 
to the inner water-cooled surface, condensation 
also occurs on the outer suibvce, which ex])os(‘s an 
oven larger area to the cooling action of the an 

Several vertical condensers have been de- 
vised by Fnednehs m which one of the two 
surfaces between which the vapours condense 
IS constructed spirally (Zeitsch angew Chem 
1010, 23, 2425) 

A number of extremely useful, compact con- 
densers of the ‘ double-surface ’ type have been 
dosciibed. The vapours arc condensed in the 
annular space bctweim two surfaces, both of 



which are water-cooled, the design being such 
that one stream of water flows in sik cession ovei 
each The efficiency of this cooling process is 
so great that, these condensers can bo made 
quite short ; they are readily fixed in a vortical 
position and occupy little bench space. 

In the Burgess condenser ( J Soc Chem Ind. 
1905, 24, 1190), the tubes a and c (Fig 5) are the 
coolmg jackets, and 5 is the condensing tube 
proper. Cnbb’s condenser (Fig 6) consists of 


two concentric tubes joined together at the top ; 
condensation is effected in the interior chamber 
thus formed. Water is conveyed into the 
inner tube by the tube a ; overflowmg, it passes 
round 1-he extciior of the outer tube and flows 
away by the side tube h The vapour is led in 
through the inlet tube c 

Another double-surface condenser of simple 
construction is illustrated in the article Analysis 
(V ol I) 

The condensers illustrated in Figs. 7 and 8 



have the advantage of exposing four cooling 
surfaces to the vapour, and may be readily 
cleansed when nece^ssary by removing the inner 
portions with the stopper (Chem. Zentr. 1908, 
11 277) 

An inquiry into the relative efficiency of 
laboratory reflux condensers made by Dovei 
and Marden (J Ind Eng Cdiom 1919, 8, 834) 
showed that where a long condenser can bo 
conveniently used, the Weigel is preferable, 
whilst the Friedriclis, or some modification of it, 
seems best wliere a short eondenser must be 
used. 

The condensers so far described are usually 
constructed of glass, but occasionally metals 
are employed The use of aluminium for the 
inner tube of a Weigel eondenser has been 
advocated by Norton (J Amer Chem Soc 
1807, 19, 153) Many agricultural chemists, 
who have to deal with numerous ammoma dis- 
tillations, prefer block-tm condenses ; they are 
constructed like inverted U-tubes, one arm (the 
condenser arm) being much longer than the 
other and carrying a water-jacket if required, 
while the short arm is attached to the distilling 
flask A convenient method of constructing a 
number of such condensers m senes to be cooled 
by one stream of water is described m J Amer. 
Chem Soc 1900, 28, 999 

A useful metallic condenser is the ‘ ball * 
type, used on the reflux prmciplo in numerous 
experiments involving extractions with volatile 
solvents. Soxhlct’s pattern is shown in Fig. 10, 
while the construction of a double-surface con- 
denser of this pattern is sufficiently indicated in 
Fig. 9. ' Storch’s metallic reflux condenser is 
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dopictod and described m J. Soc. Chem. Ind 
1897, 10, 979. 

The spiral (worm) typo of condenser is fre- 
quently constructed of metal (copper) and 
enclosed in a metal tank winch can bo Idled 
with cold water ; these condenseis find con- 
siderable use 111 small plants for preparing dis- 



Fig 9. Fig. 10. 


tilled watci Fui tins latter puiposc, a novel 
form of condonsci is dcseiibcd in Eng l*at 
0910, 1905, which combines ellicicncy with 
extreme simplicity of constiuetion The con- 
denser, whicli IS placed veitically above the 
evaporating chamber, consists of two metallic 
truncated cones, the lower being open at the 
top, while the upper is closed by a dome-shap(‘d 
licf The outer surface of the uppei cone is 
cooled by a continuous stieain of cold water, 
and condensation is cttccted upon its inner 
surface. The condensed vapour collects in the 
annular space between the two cones, and the 
water is continuously run oft into large eai then- 
ware jam Special appaiatus, devised for 
preparing iiure distilled watei (so-called ‘ con- 
ductivity water ’) on a laboiatoiy scale are 
desciibed by Bous field ((Jhem. Soc. Trans 1905, 
87, 740) ; Golding (J. Soc. Chem. Jnd 1900, 25, 
078), and by Haitley, Campbell, and Poole 
(Chem Soc Tians 1908, 93, 428). 

Condensers of various designs are desciibed 
m J pr. Chem. [2] 34, 427 ; [2J 49, 44 , Compt 
rend. 118, 478; Bor 1892, 24, 3950; 1895, 28, 
2388 , J Soc. Chem Ind 1899, 18, 707 ; Chem 
Zeit. 1902, 20, 325 , 1904, 28, 598, 086 , 1905, 29, I 
809, 1910, 34, 110; Bull Soc chim. 1904, 31, ' 
1110; Chem. Zentr. 1900, ii. 993 ; and rcllux 
condensers m Chem. Zeit. 1890, 20, 402 , 1904, 
28, 598 ; Bull Soc chim 1901, 25, 476 , 1908, 
3, 855; Zcitsch anal Chem. 1901, 40, 709, 
Chem. Zentr 1906, u. 993 , Chem News, 1907, 
95, 52 ; and J Soc Chem. Ind 1908, 27, 902 

CONDURANGO. The dried bark of Mars- 
dema condurango (Nichols) {Gonolobus Con- 
durango trianut Keichenbach ; family Ascle- 
piadacece). It is obtained from a half-climbing 
or prostrate shrub of Ecuador The bark comes 
into commerce in quills or quilled pieces, about 
10 cm. long, and rarely exceeding 2 cm m 
diameter; externally brown grey, roughened, 
with scale like warts ; internally, greyish or pale 
brownish- white, striate ; fiacture shoit, granular 
or slightly fibrous in inner layer. Taste, some- 
what bitter ; odour of fresh bark, aromatic. 

Kubler (Arch. Pharm. 1908, 246, 620) states 
that the principal constituents of the bark are 
dextrose, other usual components of plants, the 
gluooaide condurangin and a polyhydfio alcohol 


conduritol. Condurangin C 4 oH<joOi(, contains 
two methoxyl groups, is soluble in water, alcohol, 
and chlorofoim, insoluble in ether. Dilute sul- 
phuric acid hydrolyses it to dextrose and an 
amorphous powder, containing several sub- 
stances ; alcoholic potash yields some cinnamic 
acid. Conduntol O 6 H 10 O 4 crystallises from 
hot alcohol in colourless prisms, and yields a 
tribeiuoyl deiivative, m p 142^-143°. According 
to Cairara (Gazz chim. ital 21, 1 204 , 22, 1 
230), commercial condurangin can be sepaiated 
into two parts, one insoluble and the other 
soluble in water 3’ho foi’iner is a white powder, 
ill p (iO^'-bP , and the latter a 
yellow substance, m p 134°. Hager 

(Handbook, 1900) has fuither investigated these 
substances and named them a- and Z^-con- 
duiangm; G-condurangm gives a green coloui 
with Froehde’s reagent (cone sulphuiic acid and 
molybdic acid), 6 -condurangin does not Car- 
rara {lx ) also isolated a yellow powder, C 30 H soOg, 
which he named tondiuan^id in, mp 52° 
Fluckiger has isolated a small cpiantity of an 
alkaloid having a stiyclmine-like action Fiibius 
(Pharm. J 70, 417) tieats the chloroform 
extract of tlio crude glucosido with a mixture 
of ec][ual volumes of sulphuric acid, hydrochloric 
acid, and alcohol (Lafon’s leaction) On waim- 
mg, a grc'en colour is pioducccl, chaiigmg to 
bluish-gic*en on the addition of a tiace of 
feme chloiide Oertam other gliK’osides give 
this leaction, but they are not likely to bo 
present in the bark 

Condurango lias been eiiqilo^ed for many 
years in 8outh Ameiica as an alterative in the 
treatment of syphilis. It is used as a stomachic, 
and lessens gastiic catarrh and lelieves the 
vomiting and nausea which aio usually associ- 
ated with caicmoma of the stomai h , it is also 
used to lessen the jiaiii consequent upon gastiic 
ailments. (Jonduiango produces in laige 
amounts incooidination of the museks and 
convulsions, which may be followed by para- 
lysis Dose, 1 fluid diaclim of the fluid extiact 
of condurango, or 4 fluid diachms of the wine of 
coiiduiango 

There aie many other varieties of con- 
durango and maiodenias The Guayaquil con- 
durango has several pec uliai ities in the wood of 
the balk, and Inis not so many medullary rays 
Mexican condurangos contain a strong collen- 
chyma next to the bark, while nearer the pith 
13 a layer of bast fibres containing laige crystals 
of calcium oxalate (Chem Zeit 11, 1001; 12, 
20 ) 

CONDY’S FLUID v Manganese. 

CONESSINE or WRIGHTINE C, 4 H 4 oNo 
exists in the bark and seeds (0 0 p c ) of \\iightui 
aritidysentenia and in Holanhena africana 
(A DC ), IJ congoleims (Stapf ), and }I anti 
dysentmea (Wall ) Crystals, m p 122° (Pols- 
torff, Ber 1880, 19, 78, 1082 ; Wainecke, ibid 
1880, 19, 60, Arch Pharm 1888, [ 111 ] 26, 
248, 281 ; Pyman, Chem Soc Trans 1919, 
163 ; Giemsa and Halberkann, Arch Pharm. 
1918, 250, 201 , Ulrici, Arch. Pharm. 1918, 250, 
67). Soluble in acetone, from which it separates 
m large colourless plates, efflorescing in air; 
mp. 125° (coir) [a]-l 90°. 

CONGO BLUE, -BROWNS, CORINTH, 
-FAST BLUE, ORANGE, -REDS, -RUBINE, 
-SKY BLUE t;. Azo- coloubinq matters. 
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CONHYDRINE (Cmydnne)^ Coniceine. See 
under Coniine^ below. 

CONIFERIN V (iLucosiDES. 

CONIINE AND THE ALKALOIDS OF HEM- 
LOCK. 

Coniine CsHjvN is one of scvcial poisonous, 
voUtilo alkaloids found in hemlock, Comum 
rnacukiiuin (Linn ) (0 ii -0 9 p c in the not quite 
iipo seeds). Hemlock {Cmnde ciguf~\ Fr ; 
SchierUng, Ger ) is a tall biennial of the teinpeiate 
regions of Euiope, Asia, and America, and was 
the essential ingiedieiit m the potion atlmini- 
stered to condemned cmmnals by the Greeks 
Besides coniine, hemlock contains ^-mcthyl-d- 
coniiney cominey y-comtctney couJuj- 

drincy and 'jx^cudoconhgdune 

PicpdnUiou — C^onime is most leadily sepa- 
rated from the ciushed, unripe hemloek seeds ] 
by dig(\stmg them with watci made alkaline 
with sodium carbonate, to decompose the coniine 
malate, and distilling the mixture in a current of 
aupei heated steam The distillate contains the 
coinine, together with much ammonia deiivod 
from the ammonium salts piesent in the seeds 
The liciuid is m'utialisecl with hydrochloiic acid 
and evaporated to dtyness The cliy lesiduc is 
extracted with absolute; alcohol, when most of 
the ammonium c hloiide lemains undissolved, 
whdst the alkaloidal hydroehlondes go into 
solution If ether is added to the alcoliolic 
solution a further (juantity of ammonium 
chloude 18 separated. The lesidue left by the 
evaporation of the alcoholic solution is dissohed i 
111 cold water, ether added, and the coniine j 
liberated by the addition of potash The 
ethereal layer is decanted, wavshed, diied with 
potassium carbonate and distillecl at a low I 
tempcratuie, when the comine lernains «is an , 
ody lic|uid It may be purified from the | 
accompanying conhydrine by fractional dis- 
tillation , the eonime p^usscs over first So pre- ' 
pared the coniine contains 7 -cc)niceino from 
which it may bo freed by convemion into the ; 
hydiochlondeii and extracting these when dry | 
with acetone, in which the 7 -coniccino salt is 1 
soluble and the coniine salt insoluble For 
the separation of the subsidiary alkaloids by 
ben/oylation, see von Biaun (llci 1905, 38, 
3108) 

Prop( rites — (Vdourless, alkaline liquid, hav- 
ing a rcmaikable, jienetrating odour and a 
burning taste , bp 166''- 107°, m p —2°, rel. 
den 0 8626 at0°, dextrorotatory [aj^^— 13 79° 

Coniino IS slightly soluble in cold water, but 
less so in hot watei, so that a clear, cold solution 
becomes turbid wlieii warmed It dissolves 
about onc-quaiter of its own volume of water 
at the orebnary temperature. When boiled 
with water the alkaloid distils with tin* steam 
Coniine mixes with alcohol in all proportions, 
and is also readily soluble 111 rather, but only 
sparingly so in chloroform or carbon disulphide 
Exposed m the air it darkens and slowly resini- 
fies When administered internally coniine acts 
as a powerful poison It is a monacidic base 
The ordinary salts arc crystalline and soluble m 
w<iter or alcohol. The hydrochloride B HCl 
forms rhombic crystals and melts at 220° The 
auriehloride B HAUCI 4 , ra p. 77°, forms minute 
yellow needles. 

Iteactto7i8. — Conime is a strong base, which 


precipitates many metallic hydi’oxides from 
solutions of their salts. 

It IS a secondary amine. When oxidised 
with nitric acid it yields normal hniync acid 
among other products When permanganate 
is used a-pyridinecarhoxyhc acid {ptcolimc acid) 
IS obtained On distillation with zinc -dust 
coniine is decomposed into hydrogen and a-n- 
propylpyridme. 

Ladenbiirg has inferred from these and other 
leactions that eoniino is a-propylpiperichne and 
has coiilirmed this by effecting the synthesis 
of the alkaloid by hycliogenating (with sodium 
in alcoholic solution) a-allylpyridme 

05H4N(C3H5)-1-8H-C5HioN(C3H7) 

The liquid thus produced possesses all the 
chemical and physical properties of the natural 
alkaloid except one , it is optically inactive 
(Bcr. 1886, 19, 2579 , 1906, 29, 2486). Laden- 
burg has also succeeded in resolving the inactive 
coniine mto dextrorotatory and laevorotatory 
i forms and has shown the dextio compound to 
be identical with the natuial alkaloid This 
was the fust synthesis of a natural alkaloid 

The toxicological recogmtion is somewhat 
{ difficult , m particular there are no reactions 
I distinguishing it shaiply fiom nicotine Aunc 
! and platimc chloiides do not precipitate a 
1 p c aqueous eonime solution, but do jirecipitato 
nicotine at much greater dilution. A trace of 
coniine evapoiated in a desiccatoi with a droj) 
of hydrochloric acid readily yields a crystalline 
hydrochloride, nicotine does not Hiffeiences 
in odour, density, and solubility in water may 
also be used 

N-MethyI-c/-coniine C„Hi4(CTl3)N is stated to 
occur in hemlock {v Planta and Kekule, Annalen, 
1854, 89, 150), and remains with 7 -coniceino 
when tins is separated from t online by fractional 
ciystallisation of the acid tartrates It has been 
synthesised by methylating coimno with potas- 
sium methyl sulphate (Wolffenstein, Ber. 1894, 
27, 2611 , cf. Passon, ihtd 1891, 24, 1678). It 
IS a colourless, ody lifj[uid, b p 173°-174°, closely 
resemblmg coimne 

N Methyl-f-COniine was obtained by Ahrens 
{ihtd 1902, 35, 1330) fiom residues accumulated 
in the preparation of coniine. 

Coniceines, This name has been applied to 
a senes of isomeric bases, Cgll^gN, obtained 
in various ways fiom the hemlock alkaloids. 
Only one of them y-toniceme (2-propyl-A'- 
totrahydropyridine) occurs m hemloek and was 
isolated from crude comine obtained therefrom 
by Wolffenstein (Ber 1895, 28, 302) ; occasion- 
ally as much as 70 p c of the crude alkaloid was 
7 -coniceinc This base was first prepared by 
Hofmann by the action of alkalis on bromo- 
coniine It strongly resembles comine in odourand 
appearance, bods at 171°-172° under 746 mm. 
pressure, yields crystalline salts, and furnishes 
comine on reduction It has the constitution 


CHj 

CH 2 

ch/ )ch 

CH^'^^'C-Pra 

CH^f lOH.. 
CH^k^CH'Pra 

Nil 

NH 

7-Couiceine 

Comine 

Cf Hofmann, Ber. 1885, 

18, 16, 27, 112: 

mann, Annalen, 1890, 269, 127 ; Lbffler 
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colleagues, Ber. 1909, 42, 94, 107, 116, 124, 
948, 3420 ; Gabriel, ibid. 1909, 42, 4069. 

Conhydrine C2H17ON, also found m hemlock, 
may be separated from coniine with which it 
occurs either by cooling the concentrated 
ethereal solution of the two alkaloids, when the 
conhydrine crystallises out; or it may be ob- 
tained by distilhng the crude comine, when it 
remains behind in the retort, if the temperature 
has not exceeded 180°. 

Conhydrine is a crystalline, basic sub- 
stance, mj). 121°, bp. 226°, [a]j_-fl0°. On 

heating with phosphorus pentoxide, or with 
concentrated hydrochloric acid, it furnishes a 
mixture of a- and j8-coniccines (see above). 
According to Willstatter it is 2 : )3-hydroxy- 
propylpiperidine (Ber. 1901, 34, 316() ; cf , 
however, Loffler and Tschunke, ibid, 1909, 
42, 929). 

Pseudoconhydrine C8H17ON, which is also 
found in hemlock, closely resembles conhydrine 
It is a crystalline, strongly basic substance, 
m p. 105°-10G° ; b.p 236°. It is a sccondaiy 
base and forms crystalline salts (Ladenburg 
and Adam, Ber 1891, 24, 1671). Engler and 
Baur regard it as 2 • a-hydroxyjiropylpiperi- 
dine {ibid 1894, 27, 1777), and Loffler has 
suggested that it is 4-hydroxy-2-propylpiperi- 
dine {ibid. 1909, 42, 116) G B 

CONIMA RESIN, CONIMENE r Oleo-kesins. 

CONQUINAMINE v Cinchona Aekalotds 

CONSTANTAN v Nickel. 

CONVALLAMARIN, CONVALLARIA v. Digi- 
talis. 

CONVALLARIN C34He,Oi, (Walz), C26H4oOio 
(Lindner). A glucoside contained in Convcdlaria 
majahs (lily of the valley). On heating with 
dilute sulphuric acid it is liydrolysed to a liexose 
and convaUai din (C19H28O4 ?), a crystalline 
substance which forms a stable monohydrate. 
It contains a benzene ring, but is free from 
ethylemc linkings, ketonic, and methoxyl 
groups, and contains two hydroxyl radicals; 
the two remaining oxygen atoms appear to 
constitute part of a carboxy-ester gioup (Lind- 
ner, Monatah 1915, 36, 257). G/ Digitalis. 

CONVICINEz; Vic TNE. 

CONVOLVULIN v Glucosides. 

COOMASSIE NAVY BLUE, -WOOL BLACKS, 

V. AZO- COLOURING MATTERS 

COPAIBA BALSAM v Oleo-resins 

COPAIBA OIL V Oils, Essential. 

COPAIVENE, COPAIVI, COPAIVIC ACID v. 

Oleo-resins. 

COPAL V. Resins. 

COPAL VARNISH V Varnish 

COP A LIN V. Resins. 

COPPER. Sym. Cu At. wt 63*57. Melt- 
ing-point in air, 1062° ; in reducing atmosphere, 
1084°. Specific gravity : Robcits Austen (Int 
Study of Met. 1910, 15) gives 8 217 as the sp gr. 
of the molten metal. Copper, deposited by 
electrolysis from an acid solution of copper 
sulphate and not subjected to any mechanical 
treatment, was found to have sp gr of 8 9544 at 
16*6° in air (Watson, J. Soc Chem Ind. 2, 153) 

^ Commercial copper, prepared in the usual 
way, is never pure, and the examination of the 
fractured surface of a cast ingot of copper shows 
a minutely vesicular structure. On this 
account the density of such metal is less than 


the same sample of metal after it has been sub- 
jected to a compressmg mechanical treatment, 
and varies from 8 ‘2 to 8 6 

Colour . — Copper has a charactei istic red 
colour which, in a fractured surface of worked 
metal, may be described as salmon-red. 

Ltuslre — A smooth cut or polished surface 
shows a bright metallic lustre which, however, 
soon tarnishes. 

Crystalline system — Copper crystallises in 
the cubical system 

Ores of copper. The following minerals are 
those from which copper is extracted on a com- 
mercial scale : native copper, cuprite, mela- 
comte, malachite, azurite, ehrysocolla, ataca- 
mite, chalcocite, bornite, chalcopyrite, fahl ore 

The impoitanco of the several species in the 
above list as ores of copper vanes very much 
with the locality. Thus, while native copper is 
the chief ore in the Lake Supeiior district of 
North America, and atacamite m one or two 
localities in Chile, they would in other localities, 
and generally, be looked upon as rather raie, 
especially so m the case of the last specu's men- 
tioned So also in the case of malachite , this 
species, as an ore of copper, is seldom met with 
except in small quantities in the upper and 
oxidised portions of some copper lodes , yet in 
the ease of the once celebrated Burra Burra 
mine m Aiistialia, and at Nischne-'J’a-gilsk in 
Russia, it formed the bulk of the ore produced, 
and IS also the chief 01 e in the Tanganyika 
district, Africa 

Generally, in a copper-mining district, all the 
oxidised species mentioned above occur in 
varying propoitions, but as depth is attained, 
and almost invariably at or about the level 
at which water is reached, the coppei -beai ing 
minerals change and the oxidised species give 
place to the iicher sulphide species, and these 
finally to chalcopyiite intimately mixed with 
varying proportions of pynte The inter- 
mingling of the two species last mentioned is 
tiequently so intimate that it is not easy to 
distinguish the component minerals or to 
separate them. Chalcopyrite thus diluted down, 
as it were, with one or more of the minerals — 
pynte, pyrotite, &c — forms the ore from which 
the greater proportion of the world’s copper 
supply 18 derived and the bulk of the mateiial 
treated at the smelting woiks generally. Such 
ore frequently contains appreciable quantities of 
gold and silver The silver is frequently carried 
by intermixed fahl ore, but also^ m many 
instances, by the pyritic mixture in which dis- 
tinct silvci-beaiing minerals are not observable. 

As by fai the larger proportion of ore pre- 
sented for metallurgical treatment is of the 
nature indicated above, viz. chalcopyrite 
mixed with varying quantities of the pynte 
family of minerals, it will best serve the purpose 
of this article if the methods adopted for the 
extraction of copper from this material are 
first considered. The ores treated generally 
contain only small percentages of copper, 
frequently not more than 1 p c 

The elimination of the seveial elements in 
the ore and the final production of the copper in 
the metallic state, aie effected by two distinct 
series of chemical operations. One of these — 
the most important, because of its very general 
application — treats the ore by smelting, and 
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causes the necessary reactions to take place 
wlule the material is in a molten condition. 
The othei — of hunted application — treats the 
mateiial in the wet condition, and causes the 
necessary leactions to take place in solutions 
These two distinctly dillerent methods of 
proceduie may be distinguished as (a) dry 
methods, and (6) wet methods 

Dry methods, 'fho object which the smelter 
keeps in view in the first stages of the piocesses 
IS to concentrate the coppe^r contained m the 
ore in as small a quantity of mateiial as may 
be economical. Por this puipose, the pioduct 
known as ‘ matte ’ or ‘ regulus ’ is imivemally 
selected This consists of cuprous sulphide 
Cu^S and non sulphide PcS in vaiying pio- 
portions, tegethei with sulphides of certain 
other metallic elements Tlio whole of the 
copper contained m the oic thus passes into the 
matte, while the silica combines with iron oxide 
and caithy bases, if present, and foims the 
slag The slag scpaiates easily from the matte, 
owing to its lower specihc gravity, and is thiowri 
away Having thus concentrated the copper 
into regulus, or matte, the next stage of the 
process concerns itself with the decomposition 
of this matte m such manner as to eliminate 
the iron and sulphui and, lus far as possible, 
other metallic ekunents which may be picsent 
and to yield the toppoi in the metallic state 
The linal process consists m rebning the 
copper pioduced as abuv'c , or, in otlier words, 
removing, as far as practicable, the small 
quantities of such elements as may still be 
preiicnt m the pioduct of the picceding opeiation 
whieh would injuriously affect the cojipcr for 
manufaetuung puiposes 

The treatment of the oie involves, theiefoie, 
three distinct operations — 

I Smelting the oic with the production of 
matte and slag. 

II. 'JVeatment of the matte for the pio- 
ductioii of crude copper 
II I Refining 

The methods and the plant used foi cairying 
out each of the three operations \aiy con- 
siderably, and the ehoiee of any one dejiemls 
upon local conditions, the natiiie of the oie 
as regards physical t haracter, and the nature 
and quantity of the foreign elements present ft 
will not be possible within the limits of this 
article to study these considerations and the 
beanng they nfay have on the methods to be 
adopted , all that the space will allow of is a 
description of the methods as actually carried 
out under the most generally prevailing con- 
ditions 

J Smelling the ore ?/ lih the 'prodnction of 
matte and dag — The object of this process being 
the concentration of the copper in the matte, 
the chief considerations kept in view are the 
production of a matte as rich m copper, and 
a slag as poor in copper, as is practically and 
economically possible 

The graae of the matte to be produced having 
been decided upon, the smelter regulates this by 
suitably proportiomng the sulphur m the ore to 
be treated so that tnere shall be sufhcient to 
form Ou^S with all the copper, and a further 
proportion to form FeS with the iron present in 
such quantity as will cause the matte to contain 
the desired percentage of copper. From these 


considerations it will bo seen that the]^ factor 
which legulatcs the grade of the matte is the 
quantity of sulphur present in the ore mixture 
smelted. With the class of ore under considera- 
tion, it invariably happens that the quantity of 
sulphui present is consideiably in excess of 
I requirements, and the production of the most 
suitable grade of matte necessitates the removal 
of this excess, which may be effected before the 
actual smelting of the ore is commenced. Under 
certain favourable conditions, however, it may 
be removed during the smelting process {see 
Pyntic smdtiiig). This pieliminaiy opeiaiion 
IS designated ‘ calemmg ’ or ‘ loastmg.’ 

The process consists in subjecting the ore to 
a dull-icd heat under oxidising conditions, so 
that the sulphui is caused to combine with 
oxygen deiiv cd from an admitted mto contact 
with the ore with the production of sulphur 
dioxide, while the non is also oxidised at the 
same time 

The method of carrymg out this calcimng 
process depends upon whether the oio is to be 
tieatcd 

{a) In the lough — say m pieces from | inch 
cube upwards , or 

(b) As fines or ‘ concentrates,’ i.e. in which 
the pai tides are finely divided. 

Under (a) . The oie way be calcined by 
forming heaps of it in the open air and stalling 
the combustion by means of a small pioportion 
of wood, the (ombustion bemg maintained by 
the sulphur present m the ore. 

The ore may also be calcined in stalls more oi 
less open These consist of senes of chambei'S 
m lows built back to back. 'J’he chambei’S 
I are eadi bounded by three walls, viz back and 
two side walls, but aie open in fiont and have 
no loofs. iSmall flues, opening out mto the 
chambers, aie built m the walls separating them, 
and these flues connect with a larger flue in 
the tential division wall between the two 
lows, and these again connect with a chimney 
stack 

Tho ore is t barged mto these open chamhcis 
on to a la^er of wood , when filled up, the wood 
IS bred and combustion extends to the oic itself 
in the same way as in the ease of the heaps 
The gases produced m the opeiation are to a 
laige extent led away by tho flues in tho walls 
above lefeiied to The annoyance caused by 
tho escape of these gases at or near the giound 
level of tho works — as is tho case m open 
heap roasting — is in this way to a large extent 
avoided 

The ore may be calcined in kilns — These arc 
similar to the stalls, but are generally built of 
much largei size, are closed in on all lOur sides, 
and aie loofcd over They are provided with 
suitable openings in the roof through which the 
ore IS introduced, and a doorway m the front 
wall (bricked up when tho kiln is in operation) 
through which the calcined ore is removed. An 
outlet flue, connected to tho roof or back wall, 
allows tho gases to be conveyed to a chimney. 

The ore may he calcined in ‘ burners.^ — These 
are constructed and worked on very much the 
same lines as the ‘ burners ' used for burning 
‘ pyrites ’ at sulphuric acid works. In this 
plant, a number of closed cells or ‘ burners ’ 
are built in rows, back to back. Each cell is 
roofed in and connects at the back with a 
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central flue common to all the cells, by winch 
the gases are led to the acid chambcra. In the 
roof of each cell is an oiiomng thiough which 
the ore can be charged from a hopper placed 
above. In this class of plant, the ore docs not 
rest on the floor as it docs in each of the cases 
previously considered, but upon a series of square 
bars suitably spaced. Below these bars is 
an enclosed space with suitable door through 
which the calcined ore is removed and by means 
of which the air supply is legulated 

In operating this jilant, the cell having been 
brought up to a good led heat by the com- 
bustion of wood or other suitable fuel, ore in 
small quantities is gradually added as com- 
bustion proceeds, until the buinei is full At 
suitable intervals, a small quantity of the 
calcined oie is removed from the bottom of the 
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burner and a corresponding fresh supply ofjoie 
18 added through the opening in the loof In 
this way, the operation of the burner is lendeied 
continuous, and no fresh extraneous fuel is 
lequiriHl aftei the first staiting of the fiio 

In all the methods of tieatnicnt close jibcd 
under («), it is essential that proper eaie be taken 
to prevent the temperature reaching anytlimg 
like melting-point If the oio melts oi sinteis 
togethei, c ah Illation is delayed owing to the 
recluced suiface on winch oxidation t.iii take 
place Purther, in the case of such smtcicd or 
melted material, dilhculties are cicatcd in work- 
ing the piocess In the case of heap roasting 
and also in the stalls and kilns, the foimation of 
laige masses of sintcied oi melted oic mtioduecs 
undesirable niegulaiities in the an luiient 
through the mass of oic undei tieatment, and 
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causos^trouble when the oie is lemoved In the 
burners, the foimation of sintered masses of oic 
must be avoided, as such masses would have to 
be broken up in the burner with suitable tools 
before it could be made to pass out between the 
grate bars. 

Under (6) The ore may he. calcined in hand 
calcincra or mechanical calcmers — The formei 
are not much used at the present time, as the 
necessary labour is effectually replaced by 
mechamcal appliances The hand calcmer, 
which was universally used some years ago, 
consisted of a long flat bedded roveiberatory 
furnace, with the usual fire box at one end and 
the outlet flue for the exit of the gases at the 
opposite end (Figs 1, 2, and 3) The ore was 
dropped* from a hopper through an opening 
m the roof on to the bed at the flue end of the 
furnace, where it was spread out hy means of 


suitable tools woiked by men at both sides of 
the furnace, opcTating thiough doors in the 
side walls 

The conditions in the fuinaee were intensely 
oxidising, and it was nec(*ssary to stir the ore 
frequently to prevent it smteiing In the 
process of stirring, the ore was turned over and 
moved towards the hro end, thus making loom 
for a fresh charge from the feed hopjier. This 
process of stiiiing and moving the oie forward 
towards the fire end was continued until the ore 
reached close up to the fire box, at which point 
it was discharged through openings in the bed 
of the furnace into vaults, or chambers, con- 
structed below, from which — when sufficiently 
cool — it was removed. The labour rcquiied on 
these furnaces was very heavy and the output 
small, and, except in ummportant installations, 
they have given way to furnaces in which the 
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oro is stirred, moved forward, and discharged by 
mechanical moans operated by power. It will 
be impossible within the limits of this article 
to describe the many furnaces of this type which 
have been introduced, and it will suffice to 
describe one or two which will serve as examples 
of the class of plant employed 

The McDomjall furnace (Phg. 4) — This is 
very largely used, and consists of a scries of flat 
circular superimposed firebiick hearths, en- 
closed in a brick-lined cylinder of steel plate 
An iron shaft passes centrally up the cylindei 
through openings in the seveial hearths, and is 



caused to revolve by suitable gearing attached 
either to its upper or lower end This shaft may 
be made hollow and cooled by air or water 
circulation. 

One or more iron arms arc attached to this 
shaft above each bed The arms extend from 
the shaft to the periphery of the circular beds, 
and have attached to them a series of iron plates 
or ploughs set at a slight angle to the arm. The 
oro IS fed from a hopper on to the top bed near 
the centre, and the angle of the ploughs is such 
that, as the arms revolve, they not only turn the 
ore over, but gradually move it from the centre 
to the edge of the bed. At one point in the edge 
of the bed is an opening through which the ore 


falls on to the second bed. On this bod the 
ploughs are so set on the arms that the ore 
travels in the reverse direction and is drawn to 
the centre of the bed. Here it discharges on to 
the third bed , and so on until it escapes at the 
bottom of the furnace. The openings through 
which the oro falls from one bed to the other 
also serve as flues through which the gases pass 
upwards through the furnace, finally escaping 
through a flue above the top bed. 

Attached to the lowest bed is a fire box by 
which the furnace is heated up in ordei to stait 
it , but, after being once started, little or no 
fuel 18 required, as the oxidation of the oro pro- 
vides sufficient heat throughout the apparatus 

The stiaighi-hearth mechamcal furnace — This 
type of furnace passes under vaiious distinctive 
names, according to the several methods 
adopted for operating the ploughs, and slight 
modifications in the constiuction One such 
furnace consists of a flat bed about 100 feet 
long covered with an arch At one end is the 
inlet for the ore, and at the opposite end is the 
outlet. At the ore inlet end is the flue for carrying 
off the gases, and at the opjiosite end, but to one 
side, IS a fire box with the inlet to the furnace 
constructed in the roof of the latter Other 
similar fire boxes — one or two in number — are 
placed at intervals along the length of the 
furnace A channel is constimted m the side 
walls of the furnace and in these a rail is laid. 
A suitable carnage with wheels nesting on the 
lails stretches from one side of the furnace to 
the other, and the bearings pass thiough slots m 
the two side walls and are carried by the wheels 
above rcfeired to I’o this carnage, suitable 
ploughs are attached in sucli manner that, m 
the course of its travel from one end of the 
furnace to the othei, the plouglis turn the ore 
over and also move it forwaid The carnage is 
moved by a pair of chains or ropes travelling in 
the channels formed m the side walls, and at the 
two ends of the furnace these chains or lopes aio 
can led round wheels sufficiently largo m diameter 
to lead them back under the furnace, thus making 
them continuous. One pair of these wheels is 
driven by suitable gearing, thus causing the pair 
of ropes or chains — and witli them the carnage 
— to travel the whole length of the bed of tlie 
fuinacc, returning through the tunnel under 
the bed, where rails are laid for supporting the 
carriage Two or more such carriages aie 
attached to the ropes, or chains, at equal 
distances apart The ore is fed mechanically 
on to the bed at intervals just as a carriage is 
about to enter, and the ore is spread, turned over, 
and moved forward gradually fiom one end of 
the furnace to the other. Each time a carnage 
emerges fiom the fuinace, it draws with it a 
cjuantity of calcined ore The carriage and its 
attached ploughs are cooled dunng the passage 
through the tunnel The ends of the furnace 
are closed by light iron doors which hang down 
vertically and are automatically opened by the 
passage of the carriage and close themselves as 
soon as the carnage has passed. 

There is yet another method of removing the 
excess sulphur which is sometimes used, known 
I as ‘ pot roasting,' or ‘ blast roastmg.’ Qffiis 
I method of calcimng is advantageously applied 
to concentrates and fines, and, while it eliminates 
• the sulphuB, the heat attamed is at the same 
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time sufficiently intense towards the end of the 
process to cause the ore to partially melt or 
sinter together, forming a mass which requires 
to bo broken up before it can be treated in the 
smelting furnace The process is carried out 
in a similar manner to that used in the treatment 
of lead ores, but is not very extensively used 
in the metallurgy of copper. 

After the sulphur m the ore mixture has been 
reduced to the requisite amount, the ore is leady 
to bo smelted. For this o])eration one of two 
dtstmctly different types of furnace are used , 
these aie : 

(1) Blast fuinace. (2) Reveibciatory 
furnace 

The choice between these two metliods of 
carrying on the smelting ojiciation depends on a 



variety of ciicumstances, all of which must have 
proper consideiation, but the following aie the 
chief points, viz • If the ore is to bo smelted 
in the state of lines or concentiates, it is un- 
suitable for blast-furnace tieatment, while it is 
eminently suitable foi the rcvei beratory fuinace 
On the other hand, rough ore is unsuitable for 
reverberatory-furnace smelting 

Blast-furnace smelting — The furnace used 
may bo built of brick, but is more generally, 
nowadays, constructed with water-cooled walls 
of steel plate (Fig 5), each section of which is 
termed a jacket In the smaller furnaces the 
horizontal section is circular, but in the ordinary 
sized and larger furnaces the section is always 
rectangular. As the working of this type of 
furnace is — as its name implies — dependent 
upon an air blast projected mto 4he intenor. 


the width of the furnace is limited by the stiengili 
of the blast which is required to peiietiate the 
charge from the sides to the centre of the 
furnace, while the length of the fuinace is 
only limited by the capacity requiied The 
increase in length is obtained by clamping 
together two or more of the jackets on eath 
side, thus extending the longer axis of the 
furnace 

The jackets stand on a thick cast-iron plate 
earned on non sujiports. In some cases these 
jackets aie only used in the lowei pait of the 
fuinace, all the u])per pait being constiucted of 
buck, but the biickwoik may, m eeitain cases, 
be advantageously replaced with a second tiei 
of jackets, leachmg up to the feed Hooi Abo\e 
the feed floor the fuinace is continued m the 
foim of a coveied-m buck chamber with lifting 
doois at each side and an outlet in the roof of 
the chamber, connecting, by means of a suitable 
iron flue, to tlu' general flue system of the works 
Thioiigh the dooi’s the ehaige, consisting of a 
pioper imxture of oie — eithc^r law and calcined, 
or paitially e<ileined oic5 — is introduced To 
this oie mixture theie is also added such flux, 
eithei limestone or silieious mateiial, and the 
neeessaiy amount of coke tus is recpuied to form 
a .suitable smelting mixtuie As jireviously 
indicated, the object of this is to produce a 
matte of the desired grade and a slag which 
shall be as flee from cojiper as possible and 
which shall be of such fusibility ikS to flow readily 
from the fuinace On the lower oi woiking 
floor, the fuinace is provided, eithei at the ends 
01 sides, with one or more spouts thiough which 
the molten pioducts of the smelting opeiation 
flow Except in veiy large fuinaec's, only one 
such spout IS used at a time, and if more than 
one IS fitted, it is with the object of having one 
in leseive in case of a stopjiage to the one in use. 

The side jackets of the furnace aie jirovided 
with ciicular openings (tuyeies) passing fnmi 
the outer to tlui innei surface When the 
jackets are set up, these tuyeic's form a hori- 
zontal lino of openings on each side of the 
fuinace 'fhe blast is biought down from the 
an mam by light iron piping to the tuyeies, and 
thiough these it passes to the inteiioi of the 
f ui nace , 

The blast, at a prcssuie of 10-42 oz. per 
square inch, is generated by a suitable blowing 
machine, which must be of the positive, and not 
the fan, type. A plentiful supply of water is 
circulated thiough all the jackets, and the over- 
flow pipes from these, carrying away the hot 
water, discharge into sinks oi launders. 

The products of the smelting operation per- 
formed in this furnace flow out through the 
spout above desciibed into the settler In the 
case of small furnaces this is a square cast-iron 
vessel open at the top and mounted on wheels 
to allow of easy replacement It is furnished 
with a cast-iron spout at its upper edge through 
which the slag overflows, and is proviclcd with a 
tap hole near the bottom from which the matte 
IS tapped from time to time. In the case of 
larger furnaces for this form of settler, there is 
substituted a circular tank, formed of steel 
plates lined with refractory material, placed 
permanently m position under the spout of the 
furnace. This form of settler may be 10 or 
more feet in diameter, and, hke the smaller 
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pattoin mentioned above, is provided with a 
slag spout near the top and a tap hole near the 
bottom. 

In the settler, a thorough separation of the 
slag and matte lakes place . the matte, having 
the higlici spec die gravity, falling to the bottom 
of the vessel and tlio lighter slag rising to the 
top, where it oveiflows through the spout into 
suitable pots provided for its removal to the 
slag dump. Fiom time to time the matte is 
t.i})ped oil thiougli the tap hole at the bottom of 
the settler The woikmg ot this type of furnace 
pioeeeds continuously, fiesh ore charges being 
dumped in at the top at shoit inteivals, while a 
constant flow of slag and matte passes out 
thiougli the spout 

Jidcthoaiu) y-funmce ,smdting — The furnace 
used 18 essentially diffcKUit both m constiuction 
and method of working from the one jireviously 
deseiibed. In the bliust fuinace, tlie find — coke 
— IS burnt in contact with the matciials to be 
smelted, and the intense lieat ie(£Uiiod foi the 
operation is obtained by uigiiig the combustion 
of the fuel by means of an air bhist Jn the 
revorberatoiy furnace the mateiial to be 
smelted occupies one compartmcuit of the 
furn.iee, while the find — coal or wood-- is burnt 
m anothet TJic draught required for th(‘ com- 
bustion of the fuel is c]uito moderate, and is 
obtained by a chimne^V of suitable height and 
aiea. The use of pulvciiscd coal has lecently 


been introduced in rcvoibcratory furnace 
practice, with gratifying results, from a fuel 
economy point of view The working bed of 
the furnace m plan is a parallelogram (Fig. 6) 
with rounded comers At one end, and sepa- 
rated from it by a low paitition, is the fire box, 
in which the fuel is consumed. At the opposite 
end IS the outlet flue connecting with the 
chimney A brick aicli extends from the back 
wall of the tiio box to the flue This arches the 
furnace acioss from side wall to side wall, and 
18 constructed with a fall fiom the firc-box end 
to the flue end of the fuinaoe. The partition, 
or bridge, as it is termed, to which icfereiiee 
IS made above as sepaiating the woiking bed 
from the liie box, reaches to such a height above 
the bed that an opening is left between its top 
surface and the roof of the furnace. Through 
this opening above the bridge, the flame from 
tho burning fuel passes over the bed on its 
way to tlie outlet flue The side walls of the 
fuinaee aie piciced with a number of openings 
used in woikmg tho furnace for spieading the 
ore charge, di awing ofl the slag, &c , and one 
opening is cut down to the lowest point of tlie 
bed for tapping the matte 

'I’hc luinaec walls and loot aie constiuetcd 
of highly refiactoiy bucks 
with an outside easing of 
ordinary bucks, and the 
whole IS bound together 



Fig 0 


Witli steel girders placed veitically and tied 
togothci fioin one side to the other by non tie 
rods. The working bottom is vaiiously con- 
structed. It may be formed of highly refiactoiy 
bricks, or of silicious sand or crushed quartz 
Tho charging of this furnace takes jdaec 
through one or more openings m the roof from 
hoppers supported above. Assuming that the 
fuinace is heated up to the lequired tempeia- 
ture, a charge of oie mixtuie is diopped from 
the hoppei‘8 above through the openings m tho 
roof. ^J’his 18 then spread over the bed by means 
of suitable tools operated by men working 
through tho side and front doors. When this 
ojieration is completed, the douis are closed 
and the fire attended to so as to raise the tem- 
pciaturo of tho furnace as rapidly as possible 
to full heat. The charge is occasionally stirred, 
if necessary, to remove any agglomerated 
masses from the bottom of the furnace, and 


finally, a molten bath is obtained comj)oscd of 
two distinct layers — the matte forming the 
bottom layer, and the slag floating upon it. 
When this stage is reached, another charge may 
bo dropped and tieatcd in the same way ; and 
this may bo repeated fiom time to time until tho 
furnace is full of molten slag and matte A side 
door and end door are opened and the slag 
allowed to run off, and towards the end, tins is 
drawn off by means of tools handled by the 
furnace-men until neaily all the slag has been 
removed. I’he tap hole is then carefully 
opened, and this being at the bottom of the 
furnace, tho matte flows thiough it and is led 
by a launder into a ladle or into moulds placed 
on the floor to receive it When nearly all the 
matte has been run off, the tap hole is again 
closed and made secure, ficsli cliaiges are 
dropped in, and tho operations repeated 

Mie slag* may be received m ladles mounted 
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on wheels, and in these may bo removed to the 
dump, run into a stream of water and thus 
granulated and removed ; or it may be run into 
sand moulds formed on the floor of the furnace 
house, and, when cool, broken up and removed 
to the dump. 

The object attained in this operation in the 
reverberatory furnace is the same as with the 
blast furnace, viz. the production of the proper 
grade matte and a slag of easy fusibility 
reasonably free from copper. 

Pyiitic smdhng. — ^3Tiis method of working 
secures in one operation what, in the preceding 
descriptions, is attained m two processes earned 
on in separate appliances It has been shown 
that in order to produce a proper grade of 
matte from cupriferous iron pynte, a certain 
proportion of sulphur must be oxidised to 
sulphur dioxide, and that, accompanying this 
action, a portion of the iron sulphide must also 
bo oxidised. It has also been shown that, m 
ordinary working, this pieliminaiy treatment 
and the actual smelting oi the ore are carried out 
as two distinct operations It has also been 
indicated that in the smelting operation proper, 
the high temperature necessary is obtained by 
the combustion of carbonaceous fuel. In 
pyiitic smelting, the two processes refcried to 
above are carried out as one operation in one 
furnace, and the high temperature necessary is 
derived from the rapid oxidation of the sulphur 
and iron (chiefly the latter) contained in the ore 
itself. While this method of working is of the 
highest importance from an economical point of 
view, it IS of somewhat limited application, 
owing to the fact that comparatively few mines 
produce ore which — as regards its physical con 
dition and chemical constitution — is suitable 
for this method of treatment 

The process is earned out in blast furnaces, 
and for its sueccssful operation demands a 
larger volume of air per unit of time than the 
ordinary smelting process and an ore mixture in 
which the pyritic material is present in fairly 
large pieces The silica must bo, for the most 
part, free silica (quartz), and not combined with 
earthy bases as silicates Under these circum- 
stances the ore may bo satisfactorily smelted, 
producing the roquiied matte and slag with the 
consumption of but 1 to 3 p c of coke instead 
of 10 to 12 p c used in the ordinary method of 
smelting A small amount of coke is found to 
bo dasirable in order to keep the charge open 

II Treatment of the inaiie for the production 
of crude copper — It has already been pointed 
out that matte consists of cuprous sulphide 
(Ju^S, with varying proportions of iron sulphide 
FeS, and the carrying out of the stage which 
is now to bo considered involves the elimination 
of the sulphur and iron, while the copper is left 
in the metallic state The process is carried out 
by different methods, the chief of which will now 
be considered. In all of these the operation is 
performed m two stages, although, in some cases, 
these follow one immediately after the other and 
in the same apparatus, while in others the 
stages are performed as two separate operations 
and in two or more separate furnaces. The 
first stage in each case consists in the removal of 
the FeS with the production of Cu^S, and the 
second stage treats the CugS with the production 
of metallic copper. The carrying out of the 


first stage depends upon the fact that, when 
matte is exposed to oxidising conditions, the 
iron sulphide is the first of its constituents to be 
decomposed, the sulphur being oxidised to 
sulphur dioxide The resulting non oxide is 
then caused to combine with silica, forming a 
slag which can bo removed from the lesidual 
cuprous sulpliido. 

Tlio second stage m the jiroeess depends 
upon one or moie of the reactions represented 
by the following equations . — 

Cu,8+2Cu,()=6Cu+S()2 ; 
C1I2S-I-2CUO =4Cu+SOo , 

CU 28 f CuvS04=3Cu4-2S0o , 

the fimt being the most important as lepre- 
sentmg the change which takes xilace in the 
largest propoition of the material. The re- 
actions indicated are effected by bringing the 
soveial compounds together m a molten con- 
(htion The oxidised eompoundvS may be added 
to the molten Cu^S from outside souiees or 
may be, and generally are, produced by the 
oxidation of a portion of tlio cuprous sulphide 
itself. 

The reactions outlined above are, at the 
present day, almost always brought about by 
what LS termed the ‘ converter process,’ also 
named ‘ liessemeiising,’ tlie former name derived 
from the designation of the vessel m which the 
operation is pei formed, viz. conveiter, and 
the latter from the name of tlio distinguished 
inventor, 811* Henry Bessemer, who had many 
yearn previously applied a similar method and 
j plant to tho production of steel from pig iron 

The conveiter consists essentially of a vessel 
formed of steel or iron plate, with a thick limng 
of either highly sihcioiis rock to which a small 
quantity 01 clay has boon added, sufficient 
only to give the necessary coheionee, or of basic 
matenal The vessel is provided with a suitable 
aperture serving tho juirpose of a charging 
oiienmg througli winch tho matte to be operated 
upon is poured m a molten condition, also as an 
outlet through which the products of the 
operation are poured, as well as being an escape 
for tho gases produced in the process. The 
vessel is supported on horizontal trunnions or 
on faction rollers, and is capable of being 
lotatod by oloctric or by hydraulic power 
(Fig. 7). Tho form of tlie vessel is more or less 
cylindrical with the axis of the ej-linder placed 
vertically or horizontally. In the case of the 
former, a shallow circular enclosed space, termed 
tho air box, is attached on tho outside at the 
bottom of the vessel In tho latter form, this 
air box takes the shape of a long rectangular box 
attached horizontally to the outside of the con- 
verter. From these boxes holes are led through 
tho plates forming the casing of tlio converter, 
and are continued through tho limng* to the 
interior Air, at a pressure of from 8 to 12 lbs 
per square inch, is supplied to the air boxes as 
required, and tho supply is controlled by suitable 
valves. Charging of tho convertor with matte 
is effected by moans of a launder direct from the 
furnace, or settler, or by tajiping these first 
into a steel ladle handled by an overhead crane 
which convoys it to the converter and pours it 
When an acid lining is used, the converter, 
having been lined and the bning dried by a slow 
fire, is placed upon tho stand and connected up 
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bo the air mam A rliar<jro of molten matte js 
bhon poured in, tiie ((tiu<!ter haviiipj Ixin 
bilted into a suitable position for receiving it 
The air being turned on, the converter is then 
biltod over so that the tuyeres are brought 
beneath the surface of the matte, and the air. 



being forced througli 
the molten sulphides, 
causoii a rapid oxidation 
of the constituent-s of the 
iron sulphide The sul- 
phur IS oxidised m this 
way to sulphur dioxide 
and the iron to oxide, 
which IS immediately 
converted to silicate by 
Pig. 7. combination with the 

silica of the lining As 
ho oxidation proceeds, the temperature of the 
hargo increases and the operation is continued 
ntil practically the whole of the iron sulphide 
as been decomposed, and the contents of the 
mvorter consist of cupious sulphide and slag, 
he converter is now turned over and the slag 
in off into pots or moulds, and when this is 
one, it is again turned into the blowing position, 
hen the second stage of the oxidation is com- 
lenced. The passage of the air through the 
lolten cuprous sulphide brings about the 
jcidation. of a part of that material to cuprous 
icide, which immediately reacts upon unaltered 
iprous sulphide with the production of an 
luivalcnt quantity of metallic copper, in 
3cordance with the reactions already given 
his action continues until all the cuprous sul- 
tiide has been decomposed and the contents of 
le converter consist of metallic copper ; any 
nail quantity of slag which may be on the 
irface is removed by turning down the vessel 
id skimming off. The metallic copper is 
len poured by tilting the converter. As the 
ags produced in the operation contain a certain 
nount of copper they are resmelted in the 
.mace m which the matte was produced in the 
'st place As soon as the copper has been 
lured, the converter is ready to receive another 
large, and the operations are repeated. When 
veral charges, generally 6 to 10, have been put 
rough (the number depending upon the nature 
the material of which the lining is formed and 


the care exereisod in ramming it into jdacc), the 
lining biHomes too tliiii for fuithor use; the 
<*onvortcr is therefore removed to the relming 
department by means of the eranc, the old 
lining IS taken out and a fresh one put in, when, 
after drying, it is again ready for use 

Owing to the frequency of this rclming 
necessary in the acid converters, basic lined 
converters have been introduced, magnesite 
bricks being used for tliLS purpose The silica 
which IS necessary to flux off the oxide of iron 
formed by the oxidation of the iron sulphide 
in the matte, is charged into the converter in 
tho form of diied silicious ore. Very largo basic 
Iiiu d toiiverters are now being used and the 
m(‘llind of working vanes somewhat from that 
iis('(l 111 the case of acid lined converters. The 
iC()p|)(i from a previous charge having been 
poured, 30 to 40 tons of matte may bo poured 
into tho convertor followed by about 3 tons of 
silicious ore which may itself bo cupriferous. 
The blast is then put on and tho converter 
slowly turned until tho tuyeres are below tho 
level of the matte For the first few minutes a 
blast jiressuro of only 5 lbs is used, and after the 
matte and silica have thoroughly intermingled, 
the blast pressure is increased to about 12 lbs. 
per square inch. When tho silica has been 
fluxed by the iron oxide, the converter is turned 
down and the slag poured off A further charge 
of 6 to 7 tons of matte and sufficient silicious ore 
are now added jand the blow is resumed This 
removal of slag and additions of matte and ore 
are continued until sufficient white metal or 
cuprous sulphide has accumulated in the 
converter to bo blown to metal in the usual way 
Another method for tho production of 
metallic copper from the matte is conducted 
entirely in reverberatory furnaces, and is some- 
times employed where the output docs not 
justify the more expensive converter plant 
previously described. In this method of 
working, the first stage, viz. the removal of tho 
iron sulphide of the matte by oxidation of 
its constituent elements, is effected by smelting 
the material with a proper proportion of calcined 
I matte together with silica sufficient to form a 
! siheate of iron slag with the iron oxide ; or tho 
matte may be smelted with oxidised copper ore, 
silica being also present. In either case, the 
result is that the iron sulphide is decomposed, 
the sulphur passing from the furnace as sulphur 
dioxide, and the iron forming, with tho added 
silica, a slag, which is removed. The contents of 
the furnace at this stage consist chiefly of 
cuprous sulphide, CugS. Currents of heated air 
are directed over the surface of the molten bath, 
with the resulting formation of cuprous oxide 
and the concurrent reaction between this and 
tho unchanged cuprous sulphide results in the 
production of metallic copper, in accordance 
with the equations previously set out. When 
this reaction has extended to the whole contents 
of the furnace, tho heat is raised and the metallic 
copper IS tapped out into moulds 

III Refinmfj — The method of treatment to 
be adopted in this operation depends upon 
whether {a) the copper is practically free from 
gold and silver and from deleterious elements ; 
(b) the copper contains appreciable quantities of 
gold and silver, or contain® undue quantities of 
deletenous elements. 
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If the metallic copper produced by the 
operations previously described under I and JI 
comes under the description (a) above, it can be 
refined by furnace treatment only ; if it comes 
under {h) it must bo refined elcctrolytically in 
order to recover the gold and silver or to obtain 
it free from the impunties. 

Under (a), the furnace employed is of the 
reverberatory type, and the removal of the im- 
puritie'S IS effected by slowly melting the pigs of 
copper under highly oxidising conditions, and 
maintaining the bath of molten copper under 
this condition until the impurities are oxidised 
and removed, either by \ olatilisation or by 
passing as oxides into tJie copper silicate slag 
formed The oxidation of the impuiities is 
facilitated by the fact that metallic copper has 
the property of dissolving a small proportion of 
cuprous oxide, which compound is brought into 
contact with the elements to be oxidised under 
the very favourable condition of fluidity. 

The oxidising condition of the bath of molten 
copper IS maintained until the impurities are 
removed, as far as practicable, and the copper 
contains a maximum quantity of dissolved 
cuprous oxide In this condition the metal is 
said to bo ‘ dry ’ After removal of the slag, the 
next stage consists in reducing the greater 
portion of the dissolved cuprous oxide, which is 
effected by depressing poles of green wood below 
the surface of the bath of metal, when con- 
siderable agitation takes place and the cuprous 
oxide 18 subjected to the reducing action of the 
gase^s given off by the pole 

The process is continued until only a small 
quantity of cuprous oxide remains, and the 
copper attains the physical condition known as 
' tough pitch,* when it is ladled out into moulds 
of any required shape. 

Under ( 6 ), the copper is refined elcctrolytically. 
This process depends for its operation upon the 
fact that if an electric current is caused to pass 
through a solution of copper sulphate, the copper 
m the solution is deposited at the cathode, while 
the acid is set free at the anode If the anode is 
composed of metallic copper, then the acid set 
free on its surface immediately dissolves an 
equivalent portion of copper which passes into 
solution, and is, in turn, deposited at the cathode, 
and the process thus becomes continuous so long 
as the current passes and there is copper at the 
anode to be dissolved. Assuming that the 
solution of copper sulphate is properly made up 
and maintained, and the voltage and current are 
suitably adjusted, then ordy copper will be 
deposited at the cathode, while the gold and 
silver and all the impurities contained in the 
copper anodes will either remain as insoluble 
slime, collected at the bottom of the vessel in 
which the operation is conducted, or will pass 
into the electrolyte. Gold, silver, and lead pass 
entirely into the insoluble slime ; other elements, 
such as iron and nickel, pass wholly into the 
solution, and others again are to be found partly 
in the slime and partly in the electrolyte. The 
cathode surface is, to start with, a very thin sheet 
of electro-deposited copper, and when — as the 
result of the operation — sufficient copper has 
accumulated upon its surfaces, it is removed 
from the bath and is ready for melting and 
casting into any required shape. In practice, 
a number of anode plates are hung in a lead- 


lined wooden tank, and are suitably connected 
to the positive lead. Alternating with these 
anode plates are hung the cathode sheets, con- 
nected in parallel with the negative lead A 
largo number of tanks are connected m series, 
and the current is passed through the whole set 
of tanks. The electrolyte is caused to circulate 
through the whole series, and, after it has been 
m use for some time, a certain proportion must 
be lemoved regularly for puiification. A 
quantity of anode copper icmains undissolvcd, 
and when the tank is to be cleaned, this is taken 
out for remelting into anodes, the solution is 
run off, and the slime is removed. This latter 
IS washed and dried, any large pai tides of 
copper removed by sieving, and the fine slime is 
then treated for the lecovcry of any silvci or 
gold which it may contain 

Copper flue dust, A considerable amount of 
coppei may bo earned forward m the waste 
gases from the fiiinaccs and precautions aie 
now taken to recover it. In modern well 
arranged jilants, cajiacious flues and dust 
chambei*s ari's jirovided between the furnaces 
and the chimney for the deposition of the fine 
particles of ore earned foiward, and for the 
condensation of copper fume, winch is frecjuently 
arsenical The Cottrell pioccss of elc( trostatic 
precipitation of dust is sometimes used The 
dust obtained is collected fiom time to time 
and retreated in revel beratory furnaces or is 
biiquotted and smelted in blast furnaces. 

Wet methods. Until recently these had a 
very limited application in the extraction of 
copper, but within the last few years have 
made remaikabk^ strides, and e.\ tensive plants 
are now in operation in which new methods or 
modifications of the older methods are being 
used The wet extraction of copper consists of 
leaching the ore either in its natural condition 
oi after rocostmg and in a suitable state of sub- 
division, with a suitable solvent, m vats fitted 
with false bottoms and precipitating the copper 
from the solution thus obtained by suitable 
means. 

Wet methods are specially suitable for the 
treatment of low grade oxidised ore and for 
oxidised tailings, but have also been successfully 
applied to the treatment of material containing 
the copper as sulphide. The most widely used 
method consists in leaching the ore with dilute 
sulphunc acid and recovering the copper from 
the solution by electrolysis or by piecipitation 
on metallic iron. This method can be applied 
directly to oxidised ores, but in the case of 
sulphide ores a preliminary roast, m ordci to 
I render the copper soluble in the acid, is fre- 
quently necessary. 

Rio Tinto the massive cupriferous pyrites 
IS treated without roastmg, large heaps of the 
mineral being allowed to oxidise slowly under 
the action of air and moisture, and the copper 
sulphate thus formed is washed out and preoipi- 
tatod on metallic iron. In some cases in which 
sulphuric acid leaching is followed by electrolytic 
deposition of the copper, the regeneration of 
sulphuric acid in the precipitation plant yields 
a solvent suitable for further leachmg operations. 

Another method used consists in roastmg the 
cupriferous sulphide material with salt. Soluble 
copper salts are thus formed which may be 
recovered by solution and precipitation of the 



COPPER. 


m 


copper on iron. A modification of this process 
IS also used whereby silver is recovered with the 
copper 

Other processes are sometimes used in which 
sulphurous acid, ferric sulphate, ferrous chlonde 
and ammoma are used as solvents 0 O B 

Compounds of CorPEn. 

Oxides. Pive oxides of copper arc said to bo 
known : the quadrantovido (>040, the trientoxide 
CU3O, the sub- or hemi-oxido CugO, the monoxide 
CuO, and the peroxide CliO^ Other oxides 
have been described, but their existence is not 
proved 

Copper quadrantoxide is stated to be formed 
by adding a solution of copper sulpliato to a 
cooled dilute solution of stannous chloride m 
caustic potash (Rose, Pogg Ann. 1861, 120, 1) 
It IS an olive-green powder, which rapidly ab- 
sorbs oxygen from the air. According to Moser 
(Zoitsch anorg Chern 1900, 04, 200), this pro- 
duct IS really a mixture of cuprous oxide and 
copper. 

Copper trientoxide is obtained as a hard 
yellowish mass by heating eupiic oxide at 
ir)00°-2000^. It IS unaffected by any acid 
except hydrolluonc (Bailey and Hopkins, Chem 
Soc Trans 1890, 200) 

Copper suboxide, or hemioxide, red oxide of 
copper, cuprous oxide CugO, occurs native as 
cuprite or red copper ore, and as chalcolrichitc 

It may bo prepared (1) by heating finely 
divided copper in an below a red heat , (2) by 
gently heating a mixture of 5 paits cuprous 
chloride and 3 paits sodium carbonate in a 
covered crucible, and separating the oxide by 
lixiviation ; (3) by reduction of an alkaline 

solution of a copper salt by sugar or certain 
other organic bodies, as in Barroswil’s (Fehlmg’s) 
solution , (4) by heating in a covered crucible a 
mixture of 5 parts copper monoxide and 4 
parts coppei filings , (5) by the electrolvsis of 
copper sulphate solutions under certain con- 
ditions (Miller, J Phys Chem. 1909, 256 , Oillett, 
ihvi 1900, 332) ; (6) by heating cupric oxide in 
sulphur dioxide and treating the product with 
water, when cupric sulphate is dissolved and the 
cuprous oxide remains 3CuO-j-S02=Ou^O 
-(-CUSO4 (Hammick, Chem Soc. Trans 1917, 
111, .384) 

This oxide is decomposed by most acids into 
a cupric salt and copper ; hydroelilone acid, 
however, converts it into cuprous chlonde 

Cuprous oxide fuses at a bright-red heat It 
dissolves in metallic copper and renders it 
brittle or ‘ dry ’ when pre-sent in quantity As 
much as 4 6 p e has been found by Abel in very 
dry copper, and, according to Watson (J 80c 
Chem Ind 1883, 1.54), from 1 to 2J ji c is present 
in ordinarily good copper 

It is largely used in the manufacture of ruby 
fjlassy and for the production of a red glaze on 
pottery (Louth and Dutailly, Mon Ceram et 
Verr 19, 237), and, together with the black 
oxide, forms one of the so-called copper paints 
used for painting ships’ bottoms 

A yellow form of the oxide is produced by the 
action of alkali on cuprous chloride, or better by 
the reduction of a cupric salt by means of 
hydroxylamine in presence of alkali. It can 
also be prepared electrolytically, using an alkali 
sulphate as the electrolyte and an anode of pure 


copper. It may also be obtamed by the re- 
duction of Barreswil’s (Felilmg’s) solution in 
presence of a deficit of tartrate. The yellow pre- 
cipitate thus formed is not a definite hydrate, 
but is a colloidal form of the oxide with an in- 
definite amount of water (Grogcr, Chem Zeit. 
Rep 1902, 197). It quickly changes to an 
orange or brick-red colour and can then be dried 
unchanged. The dried product contains from 
2-3 p c of adsorbed water. At a low red heat 
it loses this water and changes into the red 
crystalline form. The yellow cuprous oxide is 
to be regarded as a pnmary metastable form, 
the rod crystalline form bemg the stable one. 
It is a powerful reducing agent, especially m 
ammoniacal solution. ’Phis solution, which is 
colouiless, immediately becomes blue from the 
formation of the monoxide on exposure to the 
atmosphere, and thus forms a delicate test for 
oxygen. The hydrated oxide dissolves in a 
concentrated solution of magnesium chloride 

This oxide is produced in Hoepfner’s process 
for extracting copper from ores, &c , with cupric 
chloride solution. Cuprous chloride is formed 
and treated with alkali to obtain cuprous oxide 
(.1 Soc Chem Ind. 1893, 932 , Eng Pat 18900, 
1802). 

Copper monoxide, cupric oxide, black oxide 
of copper, ‘ copper oxide * CuO, occurs as mela- 
con it e or black copper ^ especially at Lake 
8u perior 

It may bo jiropared by heating the nitrate 
or carbonate to dull redness or the sulphate to 
intense redness. The decomposition of the sul- 
phate IS the basis of Adcock’s process for the 
preparation of the oxide direct from the natural 
cai Donate or sulphate (Eng Pat. 11678, 1900) 
The copper oxide used for organic analysis, &o., 
may bo jiiepared by moistening copper scale 
(the mixtuie of suboxide and black oxide ob- 
tained while working copper sheet, &c ) with 
nitric acid, and igniting 

An electrolytic method of preparing the 
oxide has been described by Miller (J physikal. 
Chem. 1909, 2.56) , and by Luckow (Zeitsch. 
Elektrochem 1897, 482). 

Copper oxide is a black powder which 
agglomerates when heated, and fuses at the 
melting-point of copper, forming cuprous oxide, 
or OU3O, according to the temperature. It can 
be made to crystallise 111 regular tetiahedra It 
IS slightly hygroscopic, especially when in powder 
When heated with organic substances or certain 
gases, it IS reduced to metal. The metal pro- 
duced by reduction m hydrogen always contains 
that gas, but if the oxide be reduced in formic 
acid vapour, the metal is quite free from hydro- 
gen and is suitable for organic analysis (Weyl, 
Ber. 15, 1138). 

It dissolves m acids with formation of 
cupric salts. In oils, &c , it is soluble to some 
extent , it is for this reason that copper cooking 
vessels require such constant cleansing. 

Copper oxide is used in ultimate organic 
analysis ; to make green and blue glass and 
lazes, and to some extent as a pigment. It 
as also been used as one electrode of a galvanic 
cell {v Lelandc and Chaperon, Bull Soc chim. 
[2] 49, 173). 

Cupric hydroxide CuO HgO may be pre- 
pared by precipitating a solution of a copper 
salt by addition of alkah and washing rapidly. 
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When heated with water, it becomes black and 
amorphous. 

A colloidal form of the oxide has been ob- 
tamed by Paal and Leuze (Ber 1900, 1545), 
which gives blue-violct solutions, and when diy 
retains its solubility iiidehmtely. 

The hydroxide is used as a blue pigment 
by paper stainors, but becomes green on ex- 
posure. It coriesponds closely with ceitaiii of 
the highly basic caibonates sold as lurditeis 
Accoidiag to Dumas, it is best piepaied as fol- 
lows : 0 paits of copper sulphate aie dissolved 
in water and mixed with a solution of 3 parts of 
calcium chloiide The clear liquid is decanted 
from the pieoipitated calcium sulphate and is 
mixed with IJ parts of lime made into a cream 
with water. The gieenish pieeipitatd is col- 
lected, washed, and mixed with one-fouitli its 
weight of slaked hmo and as much pearl ash, 
and to lendei the colour moie permanent, ono- 
fouitli its weight of ammonium chloride and 
one-halt its weight of coppei sulpliato aie usually 
added. 

The hydrated oxide dissolves in ammonia, 
the saturated solution in stiong ammonia being 
known as ‘ Hchweitzer’s reagent,’ or cirpnim- 
moiniuu T’his solution has the piojierty of 
gradually dissolving cellulose with foi matron of 
a viscid solution which is used foi the picpaia- 
tion of tho ‘ Willcsdcn papers,’ and tor the pro- 
duction of ‘ aitihcial silk ’ on the large scale 
This pioccss consists in injecting the copper- 
cellulose solution into strong solutions of alkali 
or acid In eithm’ case, coagulation takes place 
with foimation of a libie of cellulose corre- 
sponding 111 thickness to the diameter of the jot 

An aqueous solution of sodium hydi oxide of 
sp gr 1 345-1 370, or of jiotassium hydroxide 
of sp gi 1 453-1 49S, wfll chssolvo 0 78 gim of 
cupiic hydioxido in 100 o e giving a bright blue 
solution which yields no precipitate when boiled 
If a moio dilute alkali solution be used tho 
solution is not stable when further diluted and 
subsequently boiled (Justen-Mueller, Compt 
rend 1918, 107, 779) 

Cuprammonium solutions arc piepaied on 
the huge scale by the joint action of oxygen and 
ammonia on metallic eoppei at temperatiiies 
near 0° (JSchaefer, US Pat 884298, 1908, 
Bionnert, Fremeiy, and IJiban, Eng Bat 1763, 
1900 , Leco'ui, Fr l*at 374277, 1900). 

Bellob lias patented a coiitmuous pioeess of 
manufactuie, using a senes of closed vessels 
(Fr Pat 335207, 1903). 

Tho solution should bo purified by dialysis, 
as the presence of eiystallmo salt favouis its 
decomposition (Locumi, Fr Bat 302980, 1900) 
Addition of 1-2 pc of polyhydne alcohols, 
carbohydrates, gum, &c , to cuprammonium 
solutions mci eases their stability and pi events 
tho deposition of cupiic hydroxide (Friedrich, 
Eng Pat. 4104, 1909), and the presence of such 
substances facilitates manufacture of the solu- 
tion, making it possible to employ copper con- 
centrations up to 5 p 0 without cooling (Fr Bat 
399911, 1909). 

Chatbaway has shown (Broc Roy Soc. 1908, 
80, A, 88) that by the reduction of a cupram- 
monium solution with aromatic hydrazines, 
cop^r mirrors can be deposited on glass 

Dawson states that a solution of cupnc 
hydroxide in ammonia contains copper as the 
VoL IL-r. 


base 0 u(NH 8)4 (OH)^ (Zoitsch physikal Chem 
09, 110) (For a geneial discussion of the con- 
stitution of cuprammomum salts, see Horn and 
Taylor (Amer. Chem. J. 1904, 253), and Horn 
{ibid 1907, 476) ) 

Copper dioxide, copper peroxide CuO^„ is 
obtained by tho action of hydiogcn pci oxide on 
cupiic hydioxido in neutial solution at 0° 
(Krubs, Ber 1884, 17, 2593, Moser, Zeitsth 
anorg Cliom. 1907, 54, 121) The crystalline 
piecipitato IS washed with water, alcohol, and 
ether at O', and dried iti vacuo It has a yellow- 
ish- blown colour, and decomposes at 180^', 
forming cupnc oxide 

Salts Two senes of coppei salts aic known, 
cuprous and cupnc The foimer aic mostly in- 
soluble in watei, and are of but little commer- 
cial importance They act as poweiful i educing 
agents and readily pass mto tho cupnc condi- 
tion Cupric salts arc mostly solubfe, and aio 
of wide application. 

Cuprous chloride Cuoi'E may bo piepaied, 
amongst other methods, by boiling cupnc ehloi- 
idc with liydioelilonc acid and copper tuinmgs. 
On addition of water it is piecipitaled in white 
ciystals 

Zuloaga has suggested (Kev Chini Ind. 
1900, 107) that the cupious c blonde solution 
used in tho cxti action of silvei from its oie^i 
should be picparcd by mixing solutions of cupnc 
sulphite and of cupnc suliihato and sodium 
chlonde 

Cuprous chlonde melts below a led heat into 
a yellow tiaiisjiaient mass 9’ho diy crystals be- 
come yellowish on exposure to light , if moist, 
they acc^uno a dirb^ -violet tinge Blates of 
copjier coated with this thlonde by the action of 
chloiinc will take photogiajiliic impressions, but 
caimot be made to withstand exposuie to light 
(c Cailemaiin, J pr Chem 03,476; and Bnwoz- 
nik, Dingl poly J 221, 38) 

Cuprous chloride lombines with ammoma 
to foim tliiee compounds 

Cu,CI> Cu/3, 3NH3, Cu,Cl > 6NH3 

Cupious biomido and iodide form compounds 
analogous to the last two (Lloyd, J Bhys Chem. 
1908, 398) 

The h>drochlorie acid solution, when exposed 
to an, absoibs ox^^gen and acquires a blown 
coloui, subsequently depositing a pale bluisli- 
gieeii insoluble copper oxychloride 
CuCl, 3Cu0,4H,0 

An identical substance used as a pigment, and 
known as Bruuswuk gieen, is piepaied by 
boding a solution of coppei sulphate with a 
small quantity of bleaching powder solution ; or 
by moistening copper turnmgs with free exposure 
to air It occurs in natuio as aiacamtie 

The use of tho oxychloride in pieference to 
the sulphate tor destroying mould on vines, &c , 
is iccommcndcd 20(i-260 gianis per litre of 
water arc employed (Deletrez, J Soc Chem, 
Ind 1909, 438). 

When a solution of cupious chloride m potas- 
sium chloride, acidified with hydioeliloric acid, 
IS treated witli acetylene, a yellow precipitate 
of Cu^Clg C^H^ IS formed Other compounds 
contaimng copper oxide or potassium chloride 
can be obtained by varying the conditions 
(Chavastelon, Compt. rend. 132, 1489). 

Acetylene reacts with solutions of cuprous 

2 B 
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chlonde in ammonia to form a blood-red pre- 
cupitate of cuprous acctt/lidef which, on dehydra- 
tion, has the foimula and is highly 

explosive (JSchcibcr, Ber. 1908, 3810). Its 
decomposition by acids has been used as a 
means of j)icpanng pure acetylene A colloidal 
solution of copper acetylide has been piepared 
by Kuspert (Zeitsch anorg. Chem 34, 453) (v. 
Acetylene) 

Cuprous bromide Cu2Br2 is obtained by the 
imion of its elements oi by boding a solution 
of cupric bromide with copper, and forms a 
brown erystalhne mass 

Cuprous iodide is the only known iodide of 
copper, and is obtained as a white precipitate by 
adding potassium iodide to a solution of copper 
sulphak* containing ferious sulphate or sulphu- 
rous acid It has a sp gr 5 053 at 15"" (8piing, 
Hoc trav chim 1901, 79), melts without 
decomposition at 028°, and is practically in- 
soluble in water. 

Cuprous sulphite Cu^SO^jH^O is obtained m 
microscopic nacreous plates by passing sulphur 
dioxide into a hot solution of cupious acetate 
in acetic acid It forms double salts with the 
alkali sulphites Ciipio-ciipric snlphiie Cu^SOj 
Cu 2S03,2H20 is a red microciystaliine powder. 

Cuprous sulphate (^0281)4 can bo pieiiaied 
by the action of dry dimethyl suljdiate on diy 
powdered cuprous oxide (Recoura, Compt rend 
148, 1909, 1105) A compound of cuprous 
sulphate and caibon monoxide (^12804 2('0,ll2O 
has been obtained by Joannis {ibul 1903, 015), 
by 1 educing cupi ammonium sulphate with 
hydioxylamine. Pec hard has made arnmonio- 
cupious sulphate (!u2S04 4NH3 {ihul 1903, 501) 
Cuprous sulphide Cu ,8 OCCUI'S as chikoue or 
copper (jlunte It may be piepaied by heatmg 
oojipcr to lednoss in sulphur vapour, or by heat- 
ing a mixture of copper and suljihur It melts 

at 1130° 5 785 It is diinoiphous, and has 

an inveision tempoiaturc at 91° 

Cupric chloride PuCk may be picpaied as a 
fused, liver-colouied, anhydious mass by heat- 
mg copjier in excess of ehluiine In solution it 
may be prepared by dissolving the oxide in 
liydrot hluiie acid Jt crystallises in gi ass-green 
piLsms or needles (ontaimng 2 mokcult‘s of 
water They become pale-blue when diied in 
vacuC The anhydroas salt is obtained on 
gradual addition ot a largo excess of cone 
sulphuiic acid to a solution of the chloride 
(Viard, (yornpt. lend 1902, 135, 108) 

Cupric chloride ls very deliquescent, and is 
soluble m alcohol When a small quantity of 
potash IS added to the aqueous solution, a pale- 
blue basic oxychloride 2CuO CuCkAHi^ ^ 
preeqntated It tui’ns to a black anhydrous 
powder when heated, but again becomes green 
with absorption of 3 molecules of water when 
moistened It is an mtermediate product in the 
manufacture of verdtler {v Copper ewhon/Ues) 
Cupiic chloride is used m calico piinlmg, in 
the manufacture of methyl violet, and for the 
oxidation of Cutch colours 1 

Green has shown that the chlonde is a very ' 
effective disinfectant (Zeitsch. fur Hygiene), ! 
1893, 495). i 

When cupno chloride solution is mixed with , 
excess of potassium thiocyanate solution, cupric | 
thiocyanate Cu(CNS)2 is produced. This is 1 


I slowly acted on by water and is ultimately 
I 1 educed to cuprous thiocyanate CuCNS with 
I formation of carbon dioxide, ammonia, caiba- 
mide, hydiogen cyamde, thiocyamc and sul- 
phuric atids (Idiilip and Bramley, Chem 80c. 
Tians 1910, 109, 597) 

I Cupric bromide CuBr^ is obtamed by dissolv- 
j mg cujiric oxide in hydiobiomic acid and eva- 
I poratmg in vat uo It is dark-coloured, very 
’ deliquescent, and, when heated, decomposes into 
cuprous bromide and biominc It is used as an 
mtensitiei m photography, and for that purpose 
. is made by dissolving 111 water a mixture of anhy- 
' dious copiicr sulphate and potassium bromide 
I (Akt Ges f. Anilmfabr H K. P. 201108, 1907) 

I Cupric sulphate. Blue vitriol CuS 04 , 5 H 20 , 

I occurs naturally at Copaquire, Chile, the rock 
contarmng over 12 p c of the hydrated salt 
(Walker, Eng and Mm J 1903, 710) This 
salt may be picpaied by dissolving copper or 
its oxide 111 sulphunc acid 

It is pre[)arcd on the laigc scale from metallic 
copper 111 the following way . Old copper plates 
from the sheathing of ships, &c , are heated to 
stioiig lediiess m a revcrbciatoiy furnace, and an 
excess of sulphur is thrown 111 and the doors aie 
closed When combination is comjJetc, the doors 
aie reopened and the heat is raised to dull icdncss 
to oxidise tlie sulphide into sulphate The 
imiss, while hot, is thiowri into dilute sulphuric 
acid, allowed to settle, tlie solution decanted, 
concentiakd, and ciystallised Q’he sulphate so 
produced is of cousideiabie purity Coatse 
topper and coppet (/lantc or other sulphurous 
copper ores are siinilaily treated Pauffin and 
Couveit ha\e patented a ])iocess foi the direct 
I manufactuie of the suljihato from the metal 
(Er Pat. 399413, 1909) {JSee also Walker, 

I U8 Pat 788862, 1905) 

When much iron is present, as in most copper 
ores and especially m co])per pyrites, it would be 
I impossible to separate the copper and ferrous 
sulphates by ciystallisation, because, although 
, copper sulj)hato crystallises normally with 5 
molecules of water, it foims, in presence of 
ferrous sulphate, crystals isornoiplious with that 
, salt aiul containing 7 molecules of watei 
fly caiefully adjusting the temperature at which 
the sulphule is loasted, howevei, the iron salt 
i may be converted mto the oxide while the 
copper sulphate remams almost unaffected. The 
; iron may be removed by heating the solution of 
the sulphates to 180° in a copper boiler under 
pressure Ferrous sulphate crystallises out and 
is hltered off (Gin, Fr. Pat 328800, 1903) The 
iron may be oxidised and thus scpaiated from 
the copper by boiling the solution with a little 
nitric acid It may also bo precipitated as oxide 
by boiling with copjier oxide, or by boiling with 
lead peroxide with subsec|uent addition of a little 
baiiuin carbonate. 

Crude copper or the ore may bo roasted in 
air, and then treated with sulphur dioxide to 
form tlie sulphate (Gm, Zeitsch. angew Chem, 
1903, 560 ; Eng Pat 5230, 1903) 

Darier has patented a process m which 
cupric chlonde is formed by the action of ehlorme 
and water on the metal, and is then decomposed 
by sulphuric acid, with formation of the sulphate 
and regeneration of hydrochloric acid (Fr. Pat. 
350421, 1904). 

When the sulphate is required for purposes 
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where the presence of iron is not injurious, such 
liquors, or the mother liquors from which the 
purer salt has been separated, may be at once 
crystallised out, with the formation of crystals 
contaimng both non and copper. Much of the 
‘ agricultural copper sulphate ^ is of this class. 
The ^Salzburg vitriol j’’ prepaied at Buxwciler, 
also contains both iron and copper. Accord- 
mg to Lefort ((’oinpt rend. 20, 185), it consists 
of CU8O4 3FevS04,28H^0 ‘ Cyprian vitriol, 

prepaied at (Jhessy from zinciferous copper 01 es, 
forms blue rhombic prisms, which contain ac- 
cording to Lefort, CuSO 4 *3^0804,281120. 

The copper may bo separated from the fer- 
rous mother liquors by placing them in vats 
containing iron plates upon winch the copper is 
slowly deposited. 

Apparatus for the solution of copper oxide 
in sulphuric acid upon a largo scale has been 
described by Coste (Fr Pat 3921)17, 1908) 
If copper be known to contain silver or gold, as 
is tho case with that from the Harz, it is treated 
with sulphuric acid diluted with its own volume 
of water, the copper being thus dissolved while 
tho silver and gold are unattacked 

Argent itcro us copper 01 es are roasted in a 
revciberatory furnace, and added in small 
charges to sulphuric acid and digested untd the 
solution contains but little free acid. The solu- 
tion IS then decanted from tlio precipitated lead 
and gold, and is concentrated and 1 un into Icad- 
lined tanks containing plates of copper, upon 
which all tho silver and part of the antimony 
and arsenic aio deposited, while the greater pro- 
portion of the bismuth is piecipitated as a basic 
sulphate, and tho iron is leduccd to tho fcrious 
condition Tho lii^uor is tlieii crystallised, the 
mother liiiuoi*s being used for treating a fri'sh 
(piantity of oro Coppci sulphate is obtained of 
great puiity and m considoiablo quantity in the 
rolinmg of silver by precipitating it upon plates of 
copper from its solution as sulphate {v Silver) 
An electrolytic process for tho production of 
tho sulphate consists in using a solution of 
soilium sulphate and copper electrodes, a curiont 
of carbon dioxide being p^issed through the 
liquid. Copper is dLSsolved fioin tho anode as 
sulphate, while sodium carbonate is produced at 
tho cathode. Those react, regenerating sodium 
sulphate and precipitating copiier caibonate, 
which Ls collected and dissolved in sulphuric 
acid (Kroupa, J Soc. Chem Ind 190(», 78) 
Paltis and Ootta have also described electro- 
lytic processes for the production of the salt 
(Eng Pat 9809, 1899, and 17485, 1900) 

Tho electiolytic production of tho sulphate 
from ‘ cement copper waters ’ has been desciibed 
by Rambaldim (Ohera. Zentr. 1909, 1 1676). 

It IS stated that copper sulphate is sometimes 
adulterated with fcirous sulphate and Piussian 
blue to tho extent of 90 ji c (J. 8oe Chem. Ind. 
1900, 84). 

Copper sulphate crystallises in largo trans- 
parent blue, doubly oblique rhombic prisms of 
sp gr 2 28, of the formula CuS04,6H20. Ac- 
cording to Poggiale, then solubility m 100 paits 
of water is : 

10°C. 20*^ 30° 40° 60° 

36 69 42 31 48 81 66 0 66 83 

70° 80° 90° 100° 

94 60 118-0 166-44 ^203-32 


When heated, it loses 2 molecules of water at 
30°, 2 more at 93°-98°, and at 232° becomes 
anhydrous, white, and hygroscopic, and com- 
bines with water with considerable evolution of 
heat. At 341° the anhydrous salt begins to 
decompose (Wanjukow, Chem. Zentr. 1909, u 
1124) Tho sp gr of tho anhydrous salt is 
3 606 (Thorpe and Watts). It combines with 
water in alcohol and other orgamc liquids with 
production of a blue colour, and may bo used 
tor ascei taming tho presence of water in those 
substances, but the test is not dcluati\ The 
anhydrous salt is also soluble 111 anhyihous 
methyl alcohol, and pioduces a bluish-gicen 
solution (Klepl, J pr. Oliem. 1882, 25, 62b) 

Copper sulphate absoibs hydiogeii chloiide 
with evolution of heat, foiming cupiic thloiide 
and liboiatmg sulphuric acid It is therefore 
used to lemove hydrogen chloride fiom such 
gcuses as ehloiinc 01 cai bon monoxide A similar 
reaction occurs 111 solution. 

When mixed in solution with molec ulai pio- 
portions of potassium and othei suIphate^s, it 
pioduces well-dehned, ciystallme double sul- 
phates 8eveial bjusic sulphates aie known 
The sulphate is the most important of tho 
copper salts It is laigely used in calico jirmt- 
ing, pimcipally m connection with potassium 
dichi ornate or iron moidants , m black dymng 
with logwood , dii(‘ctJy oi indirectly foi the pic- 
paration of most pigments contaimng cojijjer , 
and to pi event lot m timber. In agncultuie tlie 
eiucle sulphate containing feirous sulpliate is 
used to a cons idei able extent to pi event smut in 
seeds The si'cds arc soaki'd foi some hours in a 
weak solution of the sulphate, and are sown 
within 24 houis 

A 10-20 pc solution of eoppei sulphate, 
pieferably mixed with lime, is applied to vines 
with gieat benelit A .small ({uantity is found 
in tho vines and must, but the tannin and 
sulphur intioduced befoie fci mentation appeal 
to lemove it in most Ctises 

Kaibten luus stated [v J Soe Fhem Ind 
1896, 3b7) that attacks of illness lesernbling 
dyscnteiy have been caused by a wine which 
contained copper in such c[uantity as to give a 
visible deposit on steel in 12 houi’s Its presence 
was due to sjiiaying the \ines with a copper salt 
An cITective wash foi vines is jiiepared by 
boding 25 parts of sodium caibonate and 25 
])aits of resni m 100 parts of water, and then 
ihluting and adding copper sulphate (J 80c. 
Chem Ind. 1899, 155) 

Copper sulphate is used m piepaiing copper 
fnio( yanidr, a solution of which, m potiissium 
citiatc solution, is used as a toning -bath for 
photographs (Ferguson’s Coppci Toning, thul, 
1900, 465), 

Copper sulphate is also used in dyeing to 
make diazo- coloum permanent to liglit. Tho 
dyed fabiic may bo treated with the salt 
((Irac'bling, ibid. 1906, 797), or it may bo 
added to the diazotising bath (Grossmanii, 
Farber-Zeit 9, 328) 

Cupro-tetrammonium thiosulphate CuSaOg 
(NH3)4, has been proposed as an ingredient of 
detonator compositions, which although less 
sensitive are alleged to possess advantages over 
mercury fulminate compositions, as being 
cheaper, less unhealthy, simpler, and less dan- 
gerous to manufacture. The thiosulphate is 
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made by adding excess of strong ammoma 
solution to a hot saturated solution of copper 
sulphate, and thereafter adding an equivalent 
amount of sodium thiosulphate, dissolved in 
hot water The salt separates out as the solu- 
tion cools ; it IS washed with a weak solution 
of ammonia, and dried at a temperature not 
exceeding 60° The violct-blue crystals are 
slightly soluble m water, not hygroscopic, 
insensitive to light, and very stable Com- 
positions suitable foi vaiious puiposes are made 
by mixing with potassium chlorate, powdered 
glass, antimony tnsulphide and lead thiosul- 
phate (Herz, Zeitsch ges 8chiess u Spieng- 
stolfw 1912, 7, 284 ; J. ISoc Chem Ind 1912, 
31, 903) 

Potassium copper nitrite K3Cu(N02)6 is 
obtained by mixing cold satuiated solutions of 
copper sulphate and potassium mtrite, adding 
metliyl alcohol, filtering, and adding ethyl 
acetate to the clear, green iiltrate when long 
crystals of the salt separate Eiibidmm copper 
nitnte of similar composition may bo obtained 
in like manner (Kurtenacker, Zoitsch anorg 
Chem 1913, 82, 204). Ba^ic copper yuhites 
3Cu(OH), 0 u(NO 2), and 2Cu(OH)2 Cu(N02)2 
are also known 

Cupric mtrate Cu(N 03)2 may be prepared 
by dissolving copper or the oxide or carbonate in 
nitne acid The solution at temperatures above 
20° deposits dark-blue crystals contauung 3 
molecules of water, which melt at 1 14 6° and 
boil at 170° with evolution of nitric acid and 
formation of a green basic salt 'J’his basic salt 
may also be prepared by boiling the solution of 
the nitrate with copper or copper hydrate, or with 
a little alkah {v. also Copper carhcniatcs for 
an application of the basic mtrate) 

The anhydrous salt may be obtamed by the 
action of nitric anhydride on the hydiated salt 
It 18 a white, deliquescent powder, decomposing 
at 155°- 100° (Guntz and Martin, Bull 8oc chim 
1909, 5, 1004) 

Copper nitrate is used to a slight extent in 
dyeing and calico printing, and a solution, pre- 
pared by mixing solutions of copper sulphate and j 
calcium nitrate, ls used in viticultuie (Gouthi^re . 
et Cie and P Ducancel, Fr Pat. 395800, 1908) 

Cupric sulphide Cu8 occurs as covelite oi 
indigo copper in blue flexible plates, in Vesuvian 
lava, in Chile, and in the cojjper-mincs of Mans- 
feld It may be prepared by heating cuprous 1 
sulphide with sulphur at a temperature not ' 
above the boilmg-point of sulphur , by digesting | 
cuprous sulphide with cold strong mtric acid , j 
or by precipitating a copper solution with sulphu- 
25 

retted hydrogen 4 68. On the large scale it 
is obtained as a paste by precipitating a solution 
of the sulphate with sodium sulphide. This paste 
IS used in calico prmting for the development of 
aniline black ! 

The preparation and use of copper sulphide 
for thermo-couples has been described (Eng 
Pat 11300, 1905). 

Rieder has used (Zoitsch. Elektrochem 
1902, 370) an electrolytic method for the pre- 
paration of this compound 

A brownish-red peravlphide of copper has 
boon obtained by Bodroux by adding a solution 
of calcium pentasulphide to a solution of copper 
acetate at 0° (Compt. rend. 130, 1397). 


Copper acetate v. Metallic acetates, art. 
Acetic acid. 

Copper arsenite v, ScJiede's green, ait. 
Arsenic. 

Cupric phosphate is of no technical interest. 
A biilliant green colour contaimng a basic phos- 
phate, prepared by heating a mixture of copper 
acetate, sodium phosphate, and ammoma, has, 
however, been used m calico printing (Bour- 
cait, Mon Sci [3] 4). 

Fhosphoius combines in several propoitions 
with copper, and produces true alloys, which in 
many cases are of great value. 

Heyn and Bauer state that the phosphorus 
exists in the alloy as CugP and CugPg (J Soc. 
Chem. Ind. 1906, 1047) The latter compound 
has been obtained by Kub^novitch by the action 
of phosphine on copper sulphate (Compt rend 
127, 270) 

Copper silicide {Cuproi,iUcon) Cu^Si is ob- 
tained when copper and silicon are heated 
together in the electric furnace (Vigouroux, 
Compt lend 1896, 122, 318 , Lcbcau, ibid. 
190(), 142, 154) It 18 now manufactured in 
Gcimany and America by this process (Stem- 
hart, Eng and Mm J 1899, 67, 710), and is 
used for pui dying and hardening copper, and 
for adding to tm-. zinc-, and aluminium- 
bronzes to mcieaso their tensile strength and 
hardness 

Cuprosilicon can bo prepared pure by heating 
together 17 parts silicon and 9 parts loppcr in 
hydiogeii, and removing the excess of silicon by 
solution of sodium carbonate It is silver- 
white, witli a metallic lustre, and is haid and 
buttle The sp gr is 7 58, and it is attacked 
by chlorine and aqua legta (Vigouioux, Compt. 
lend 1906, 142, 87 , see also Philips, M6tallurgie, 
1907, 4, 587 , and Lebeau, ibid 141, 828) 

Copper carbonates. The noiinal salt has not 
been prepared, but several basic carbonates are 
known, and used as blue and green pigments 
Basic copper carbonate occurs native as mala- 
chite Cu(H ())2 CuCOj, and as azurite oi ehessylite 
Cu(HO )2 2 CUCO 3 When ground, these minerals 
form a fine but expensive jugment 

An anliydrous basic carbonate is precipitated 
on addition of a solution of sodium carbonate 
to a hot solution of copper sulphate or mtiate. 
(For a complete description 01 all the known 
basic carbonates of copper, see Pickering, Chem 
Soc Proc 1909, 188 Cf DunniclifT and Lai, 
Chem Soc. Trans. 1918, 113,718) Commercial 
basic carbonates of copper diller considerably 
m composition ; the amount of carbon dioxide 
present is below that required for malachite or 
azunte. A definite basic salt is known of the 
composition 2 CuC 03 , 6 Cu( 0 H)j. 

Under the names V erditer green, Ver liter blue, 
Bremen green, and Bremenblue, tins salt is largely 
prepared for paper staimng, &c According 
to Habich (Tcchnologiste, 17, 413), the follow- 
ing processes are m use. A hundred parts 
of old copper sheathing from which impurities, 
oxide, &c , have been removed by digestion 
m dilute sulphunc acid, is cut into pieces and 
mixed with a paste formed by moistemng a 
mixture of 99 parts potassium sulphate and 100 
parts common salt, and the mixture is stirred 
occasionally for some months to ensure thorough 
exposure to the atmosphere The action appears 
to consist in the production of cupric chloride, 



373 


COPYrNG OR INDELIBLE INK PENCILS. 


which, in presence of the metal, becomes con- 
verted mto a basic chloride, and finally, by the 
action of the oxygen, mto an oxychloride. If 
the oxidation be incomplete, the subchloride is 
not completely oxidised, and, as it, when subse- 
quently decomposed by alkali, gives an orange- 
red precipitate of suboxide, the pigment would 
be lowered in value. The oxychloride may also 
be similarly prepared from a mixture of 100 
parts copper, 60 parts common salt, and 30 parts 
strong sulphuric acid diluted with three times 
its volume of water ; or by treatment, with free 
atmospheric exposure, of copper with a solution 
of cupric chloride in hydrochloric acid. 

To 100 kilos, of this thick magma of oxy- 
chloride, which has been washed by decantation, 
a concentrated solution containing 7 kilos copper 
sulphate and 40 kilos concentrated soda solution 
(32‘^-36°B6 ) IS added The mixture is vigo- 
rously stirred and poured at once into 150 kilos 
of soda solution (20°Be.). The precipitate is 
washed, passed through a fine hair sieve, and 
dried spontaneously or at a temperature below 
25°. If hot air bo used m the drying, it must 
bo quite free from acid or siilphiii gases To 
produce the finest colour, desiccation must bo 
perfect 

Habich recommends the following process 
for making a verditer which has a very different 
composition from the above A solution of 
copper oxide in nitric acid Is treated with potas- 
sium carbonate, which is added in portions until 
most, but not all, the copper has been preci- 
pitated The green precipitate is washed and 
introduced into a solution of copper nitrate 
whereby it is converted mto a lieavy green in- 
soluble basic nitrate This is digested m a 
solution of potassium zincate (formed by dis- 
solving zinc in caustic potash solution) A dark- 
blue pigment, of great ‘ body ’ but little weight, 
is thus produced ft contains zinc and copper, 
apparently combined as a double oxide or as 
‘ copper zincate,’ and a small quantity of basic 
copper nitrate 

Verditer may be prepared by agitating a 
solution of copper nitrate with chalk The 
washed pasty precipitate is mixed with 8-10 p c. 
of freshly burnt lime with production of a fine 
velvety blue pigment The jirecipitate without 
addition of lime is green 

According to Gen tele, the following process 
IS adopted at Bremen, (’assel, &c ; 225 lbs 
sea salt and 222 lbs blue vitriol, both free 
from iron, are mixed dry and ground between 
millstones with water to a thick pa-ste This 
paste IS mixed in strata with 225 lbs of clean 
copperplate cut into pieces about 1 inch 
square, in wooden chests made without nails, 
and the mixture is digested for about 3 months 
with the maximum exposure to air, the whole 
being well mixed and exposed about once a 
week. When the action is complete, the un- 
dissolved metal is removed and the precipitate 
IS washed with a minimum of water, filtered 
and thrown into a tub To 180 lbs of the 
magma 12 lbs of hydrochloric acid (13°B6 ) is 
added, and the mixture is stirred and left for 
24 or 36 hours. Six volumes of this solution is 
mixed with 15 volumes of caustic alkali (19°B6 ) 
followed after an interval by 6 volumes of water. 
The mass is well mixed and left for 36-48 hours, 
and is then well washed by decantation, filtered. 


exposed for some time m a moist condition to 
the air, and finally dried {v. also Copper mon- 
oxide). 

COPPER-GLANCE or Chalcoclte. Native 
cuprous sulphide CU 2 S, crystallising in the 
orthorhombic system. Excellent twinned crys- 
tals were formerly found in abundance in the 
neighbourhood of Redruth in Cornwall (hence 
the name redruthite) and Bristol in Connecticut , 
usually, however, the mineral is found as com- 

f iact masses It is iron-black with metallic 
iistre, but, on exposure to light, it soon becomes 
dull with a powdery black coating It is soft 
(H 2^) and sec tile, and can bo readily cut 
with a knife ; sp gr 6 '7 It occurs in veins of 
copper ore, and is often of importance as an ore, 
especially when it contains small amounts of 
silver Isomorphous with copper-glance is the 
mineral stromeyeutc (Ag,f’u) 2 S, which has been 
found in considerable quantities in the Altai 
Mountains m Siberia L J S 

COPPER PAINT r Copper 
COPPER PYRITES or Chalcopyrite. A siiL 
phide of copper and iron (’uFeS 2 , containing 
when pure 34 5 pc of copper, and the most 
important of the ores of copper It has a 
characteristic brassy-yellow colour with metallic 
lustre, and on the surfaces often displays a 
brilliant iridescent tarnish (poacock-copper-ore). 
It often occurs together with, and intimately 
intermixed with, iron pyrites, from which it can 
be distinguished by its deeper colour and lower 
degree of hardness , copper pyntes (H 3^-4) is 
readily scratched with a knife, giving a greenish - 
black powder, whilst iron pyrites (H. 6-6J) is 
scratched only with difficulty or not at all 
It occurs m mineral-veins and in bedded deposits, 
and by its <iltoration gives rise to many secondary 
copper minerals Crystals are tetragonal with 
inclined hemihednsm, but only rarely are they 
distinctly developed , sp gr 4 2 L. J. R. 

COPRA and COPRA OIL v. Coco-nut 
om 

COPROLITES. Concretionary mixtures of 
calcium phosphate and calcium carbonate, de- 
rived from the excrements of certain extinct 
fishes and reptiles Formerly much used in 
the manufacture of superphosphate of lime {v 
Fertilizers) 

COPROSMA. The bark, and more especially 
the roots, of the C grandifloray C Itnamfohay 
and C areolata, which belong to the natural 
family of the RnhiarrPy and are widely distri- 
buted in New Zealand, possess tinctorial pro- 
perty (Aston, New Zealand, J Rci Tech 1918, 
1, 3), and being related to madder probably 
contain either alizarin itself or an allied 
colouring matter. Thus an alcoholic extract 
of the C grandiflora is coloured purple by alkali, 
and becomes yellow on addition of acid. From 
the acid solution, by means of ether, an orange- 
yellow crystalline substance can be isolated in 
small amount A G. P. 

COPYING or INDELIBLE INK PENCILS. 
Unlike iron-gall eopymg-inks, which will only 
yield good copies for a relatively short time 
after writing, solutions of aniline dyestuffs 
produce writing from which copies may be 
taken at any subsequent period. In copying- 
ink pencils the aniline dyestuff, usually methyl 
violet, is incorporated with graphite, kaolin 
clay or other basic material The preparation 
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of pigments for this purpose was claimed by 
Petit (Eng. Pat. 4090 of 1874), and their com- 
position was first described by Viedt (Dingl. 
poly J 1875, 216, 96) At the present time 
these pencils are sel{\om employed for copying 
purposes, and then chief use is as a substitute 
for ink, Since they produce a wilting whic h cannot 
be erased so readily as the marks of a lead ptmeil 
Hence they are frequently described as indelible 
pencils, although the dcscrijition is only rela- 
tively correct Lehner (Ink Manufacture, 1902, 
p 125) gives the conijiosition of foin kinds of 
these pencils made by Paber in Havana Tlie 
aniline dyestuff ranged from 25 5 to 50 p c , 
graphite from 24 5 to 97 5 ji c , and kaolin clay 
from 12 5 to 50 p c 

Hpecimcns of tliese pencils examined by 
Mitchell (Analyst, 1917, 42, 1) had the following 
composition , — 


Origin 

i 

j Mois- 
1 turc 

i 

1 Residue 
[ iiisol.iu 
water or 

Oyestulf 

liOHs on 
ignition 
(gra- 

Ash 

(kaoPn, 


j alcohol 


phite, 
Sic ) 

&c ) 


' P c 

r P> 

P c* 

|) e 

P 

American 

2 35 

i 76 45 

21 20 

27 09 

47 36 

,, 

, 7 4H 

i 51 53 

40 99 

25 48 

31 92 

,, 

2 30 

60 HO 

36 SI 

56 84 

4 05 

,, 

1 3 75 

1 63 95 

1 32 30 

13 90 

, 50 05 

Austrian 

3 56 

47 14 

, 49 94 , 

44 14 

3 00 

Hritish 

2 72 

I 65 48 

' 31 SO 

62 08 

3 40 


, 4 53 

; 73 05 j 

22 42 

(d) 17 

3 88 

Corman 

3 72 

1 64 IS 

.31 SO 

1 1 8() 

! 52 86 

yy 

(i 33 

1 59 83 ' 

33 S4 ' 

7 61 

! 52 22 

yy 

3 S3 

1 

: 57 59 

3S5S 

40 01 

17 58 


Pignumts used m copymg-ink pencils may 
be classified into four mam gioups — vi 7 (1) I 
those composed of giaphitc and dyestufl only, ■ 
(2) those in which the dycstulT has been in- 
corporated with approximately equal propoi- 
tions of kaolin and giajihite , (9) those in whu h 
the kaolin is laigelyin t'xccss ; and (4) those in 
which the graphite ])ie(lominat('s The dyestuff 
IS usually methyl violet, but copying-ink pencils 
m which red or blue aniline dyes are used are 
also sold 

The (opymg jiropcrties depend not only on 
the pioportion of the dyestuff, but also on the 
iriflueiiec of the basic material Pencils in 
which a large propoition of alumina is piesent 
yield only faint copu's, even when the pigment 
contains a laigc amount of the dyestuff 
Althciugh methyl violet is usually rcgaided as 
a very fugitive dyestuff, experiments have 
shown that under certain conditions the writing 
done with these pencils is more permanent 
than writing done with oidmary ink 

0AM 

CORAL IS the calcareous substance secreted 
by many varieties of five kinds of organisms, 
viz.,(l) Ar/inozoa, the principal constituents of 
coral reefs , (2) Hydrozoa, the largo common 
corals known as millopores ; (3) Bryozoa, 

delicate corals m various forms, resembling 
mosses, branches, thm filamentary deposits, or 
more scihd masses (m the Palaeozoic limestone 
formations this species of coral abounds) ; (4) 
Poramimfera^ chambered shells belonging to 


lowly organisms, mostly of very minute size ; 
(5) Nulhporcs, which, although closely resembling 
millepores, are veritable aigae or sea-weeds ; 
they may be readily distinguished from the 
millepores by the absence of perforations 

Coral 18 simply a secretion corresponding to 
the bone of vertebrates or the shell oi mollusca, 
and is composed almost entirely of calcium car- 
bonate donved from sea-water and from the 
food of the coral-making polyps 

Ordinary coral is somewhat harder than . 
limestone or marble, and, when tapped with the 
hammer, gives out a ringing sound clearer than 
IS elicited from ordinary calcium carbonate The 
sp gr of 1 5 specimens examined by Sillinian, 
averaged 2 523 


CoMrosiTioN OF Coral 
S P Sharpies (Amer J Sci .31, 168) found 



Calcium 
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phate 
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I and 


carbonate 
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Oculijia arhuscnla, 


1 


N ('aiolina 

95 37 

0 84 

3 79 

MdUiCina areokfla, 
Floiida 

Ayanda ayariatej-,, 

96 54 

1 

0 50 

1 

2 96 

P3orida 

SiderastHPa 7a(hari6, 

07 73 

0 5.3 

1 64 

Florida . j 

07 30 

0 28 

2 42 

Madrepota cet viroi - 
?i/s, li’lorida 

Mad repo? a ixdwata, 

98 07 

0 32 

1 93 

Florid <i 

97 19 

0 78 

2 81 


Small and variable quantities of magnesium 
[ carbonate, calcium sulphate, calcium fluoride, 
alkaline eliloride, silica, and oxide of iron are 
found in eoials 

The red coral, (Uwallnmi mlmiyn, varies m 
colour fiom enmson to rose, the latter being 
the rarest and, therefore, the most prized It is 
gatlicred from th(* rocky bottom and shores of 
the Mediteii<incan , and it occurs most abun- 
dantly at a depth of 25-50 feet , although, 
according to Dana, it may he found as deep as 
1000 feet Eorchhammer found 2*1 p c mag- 
nesia in Coudluim inhrvin^ and 6 36 in lets 
hippuri^ Accoidmg to Tromrnsdorfl, the red 
pigment of coral is a resin soluble m oil of 
turpentine, and, after removal from the coral by 
this solvent, is easily soluble in alcohol and 
ether, but insoluble in caustic potash. In a red 
madrepore, Vauquelin found a red colouring 
matter, which was turned violet by alkalis. 
Moseley has described in some corals and allied 
organisms a led colouring matter {PolyporpJfynn) 
which IS insoluble m water, glycerol, alcohol, 
ether, and in strong solutions of ammonia and 
potash It IS soluble in moderately strong sul- 
phuric, nitric, or hydrochloric acids For the 
formation and distribution of coral and coral- 
reefs, &c V Corals and Coial Islands, J. I) Dana; 
Coral-R(‘efs, Darwin , Murray, in Proc. Roy Soc. 
Edinb 1880, 505 See. also Forchhammer, 
J Pharm. Chira 49.52; J 1847, 1291, 1849, 
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813; 1851,865; 1852,958-961; Sharpies, i c ; it should be highly rectified and neutral in 
Moseley, Quart. Journ. Microscop. Sci. xvii. character, so as not to impair the flavour of the 
1877 ; also Max Bauer, Edelstemkunde, 2nd ed. finished product. The alcoholic strength of 
1909, Eng trans. Precious Stones, J i J cordials and liqueurs varies greatly, but, on the 
Spencer, 1904. average, they contain from 30 to 40 p,c. of 

It IS now known that the materials con- alcohol, or 50 to 70 p c. of proof spirit The sugar 
stitutmg coral-reefs sometimes undergo remark- must be pure, and is added in the form of a 
able chemical changes, and that the calcium clear syrup. 

carbonate is largely replaced by magnesium The principal flavouring ingredients em- 
caibonate or calcium phosphate. In 184b ployed are (a) those used solely on account of 
J 1) J)ana and B. Silliman showed that the their essential oils, as aniseed, bitter almonds, 
rock of an ujiraised coral-reef in the Pacific caraway, jumper berries, mint, lemon-peel, 
contained as much as 38 p c. of magnesium orange iilossom, (fcc ; (h) those valued for 

carbonate. The deep boring made in the i their bitti^r piimiplcs as well as their essential 

Atoll of Eunafuti m 1897-8, yielded a series oils, as cinnamon, cloves, curai oa apples (a 
of cores, of whicli a chemical examination was i kind of orange), gi'ntian, ginger, orange-peel, 
made by E W Skeats and Hart Smith in sweet calamus, wormwood, vanilla, &c , ami 
the laboratories of tiio Royal (Villege of Science (c) fruits, chiefly cheriies, pineapples, rasp- 
It was found that down to the dejith of berries, and strawbeiiu's The flavourings aie 
637 feet dolomiti/ation had only gone on to a obtaim'd eitliei by digesting the flavouiing 
small extent, the proportion of magnesium ingredients (bruised oi c ut u])) with afi ohol and 

carbonate never exceedmg 16 pc , but the distilling the mixtiiie to olifain an essence, or 

lower portions of the core were very iich in the by filtering the alcoholic extiaet to form a 
magnesium salt, ( ontaining from 30 to 43 pc, tmctuie, oi by simply expressing and cleai’ing 
the rock thus becoming almost a true dolomite the jui<‘e of fruits or digesting the latter for a 
A largo collection of coral limestones obtained ' more oi less jirolonged period in spirit 
by Alex Agassiz, from reefs in the J^acific, | Artificial essences simulating the above 
was subsecpiently examined by Skeats, who flavourings are frequently employed, but their 
showed that they contained varying amounts use in beverages is questionable, since it seems 
of magnesium carbonate up to nearly 42 p c probable that their pliysiologic al action difieis 
Specimens from (/hristmas Island in the Indian j from that of the natural flavouring substances 
Ocean gave similar varying results, percent- whu h they are intended to imitate, 
ages of magnesium carbonate U2) to over 43 p c The colouring matters most commonly used 
being found A coral limestone obtained by are as follows Jird , aniline red, brazilwood, 
boring at Key West, Elonda, yielded to O cochineal, cudbear, and sandalwood, yfllov \ 
Htieger, in the laboratories of the U 8 Geological aalfron and turmeric, Uuc, indigo, r/UY//, 
Survey, over 14 ji c of magnesium caibonate chlorophyll (from mettles, jiarsley, sjunacli, &e ) 

Coral reefs that have been covered by deposits and mixtures of blue and yellow colouimgs , 
of guano are found to have their caibonates vioht , aniline violet, and biow )}, a solution 
largely replaced by jihosphates Thus the rocks of burnt sugar or caramel (c Liqueurs) 
of tlio coral reef known as Christmas Island in J. C 

the Indian Oceau have been largely worked CORDIERITE Iolite 
for the dcqiosits of calcium jihosiihate, and CORDITE v Explosives. 

Teall has shown that Clipper ton Atoll in the CORDYLITE (or Barium-parisite). Carbo- 

North Racific contains rocks with as much as nate and fluoride of cerium-metals and baiium 
38t p c of jihosphoiic acid ((VK) 2 Ba(CO^)T, containing CcsOg, 23 72, and 

(For changes in the chemical composition of (La,l)i),0,, 25 (57 p c It occuis as small, pale 
coral rock, 5CC Dana and 8illimari, Arner J 8ci wax-yellow, club-shaped hexagonal trystals in 
2, 1 1846, 189 ; Judd, (fliernical Examination syenite-pegmatite at Nai'sarsuk neai Jubane- 
of Materials from Funafuti in ‘the Atoll of haab m south Gieenland , sp gi 4 31 It is 
Funafuti,’ riiil Trans 1904,362-389, 8keats, isomorjihous with, and closely k lated to, jiansite. 
The Chemical Composition of Limestones from L. J 8 

Ujiraised (Wal Islands, Bull Mus Conqi Zool COREINE p Ox azixe colouring matters. 

Harvard, xlii 1903, 53-126 , Teall, Quart Journ CORIANDER FRUIT, Corumdn jrucim , 

Geol 8oc liv 1898,230-232) BP The dried ririe fruit of Couandrum . 

CORALLIN, CORALLINPHTHALIN. PHE- va/icrm (Linn ) 

NOLCOR ALLIN v Aurtk. CORIANDER, OIL OF, v On.s, Essential. 

CORDIALS and LIQUEURS are spirituous CORIARIA MYRTIFOLIA V Sumach 
compounds flavoured with essences obtained CORINDITE. A refractory and abrasive 
from fruits, herbs, spices*, or other substances, substance obtained by heating a mixture of 
usually sweetened with sugar or glycerol, and bauxite and anthracite m a cujiola furnace 
often strongly coloured 3’hey arc nianii Aluminium carbide is first formed and is ulti- 
factured and userl to a much greater extent in mately transformed into a vesieulai fused mass 
Franco and other European countries than in of crystalline alumina of higli melting point, 
the United Kingdom, and although there is no low thermal expansibility, and great hardness, 
essential dilfcrence between them, the term siutahlo for tlio manufacture of fire bucks for 

* cordials ’ is by many restricted to British, and rotary cement kilns, gas and heavy oil ovens, 

* liqueurs ’ to the foreign preparations. coke ovens, &c. 

The spirit m the best qualities of liqueur is CORIOFLAVINE v Acridine dyestuffs. 

derived from the grape, but grain and other CORIOPHOSPHINESv Acridine dyestuffs. 

spirit 18 frequently employed, especially in CORK. Cork is denved from the bark of 
cordials ; but, whatever the origin of the spirit, two evergreen specie>s of oak tree, the cork oak. 



376 


CORK. 


Quercm svher (Linn ) and Q octidentalia (Gay) 
The former yields the best cork, and grows mostly 
in those countries bordering on the Mediter- 
ranean up to the 45° lat The latter occurs on 
the Atlantic seaboard of I^ortugal, Spam, and 
France up to 48° lat 

The cork tree is from .30 to GO feet high, and 
3-4 feet thick It grows slowly and reaches 
the ago of 150-200 years The tree has the 
peculiarity of throwing off its outer bark when 
it reaches a certain ago, and then leproducing 
lb lb IS this that makes the cork industry 
possible The chief countries m which cork is 
produced are • 

1 Spain Particularly the province of 
Catalonia Here the best cork is grown 
Seville IS the chief market. 

2 Poilugal (Jentres Lisbon and Opprto 

3 Algeria Hero the cork tiees foim gieat 
forests , those belonging to the State were 
some years ago fully 600,000 acres in extent 

4 Southern France and the Pyrenean distyut 
Largo forests of Q suber exist m the more moun- 
tainous parts, but in the low-lying ‘ J^andes ’ 
the tree is Q occidenialis, whicii glows as far 
north as Belle Isle 

5 The Adriatic cootst. Some is produced in 
the Aiistuan piovinces, but it is of inferior 
quality. 

6 Sirdi/, Saidfnia, and Cort^ica also yield 
cork of good quality. 

For an account of the cork industry m 
Sardinia, 9cc J Chem Soc Ind 1010, 38, 352 R. 
Krom LI S Com Rep July 25, 1010 

S])cakmg gcneially, the coik tiee seems to 
thrive best on dry gianitic and sandy soils, 
and not to do well in damp or limestone soils 

OOie complete bark of the coik tree consists 
of two layers 

(1) The dry dead bark, comprising the 
epidermis and the cork proper, with the meso- 
dermis 

(2) The green living skin which clothes the 
wood immefliately under the dry baik This 
may be looked ujion as tlie active eoik-produeing 
layer, and contains beast libros and the endo- 
dermis 

The epidermis on one-year-old twigs is green 
and smooth, but in the second year between it 
and the green under-skm irregular white waxy 
masses are formed , these represent the begin- 
ning of the cork formation and increase from 
year to yeai, changing gradually into cork 
proper At the end of the third year the 
epidermis dries up and ciacks 

Barking the trees. Tins is the most im- 
portant operation in the management of a cork 
forest, because on the care with which it is 
carried out depends the life of the trees and the 
regularity of the slabs produced. 

In barking, the workman takes a special 
tool and makes a cut round the stem above and 
below the portion of bark to bo removed A 
vertical cut or cuts are made so that the bark 
may be stnpped off the tree, in which operation 
the shaft of the tool is used as a lever. Care 
must bo taken not to bruise the green underskin, 
the real producer of the cork 

3’he first barking produces so-called ‘ virgin 
cork,’ which is of little value, as it has not * 
elasticity enough for use as bottle corks. It was j 
formerly used for the production of Spanish 


black, but of late years it has been employed 
in the manufacture of ground cork. 

During the first year of growth the tree 
produces from 3 to 5 mm. of cork, but after- 
wards less, the mean for the first 9 years being 
about 2 1-3 mm., giving a total thickness of 
20| mm After 9 or 10 years, when barking 
usually occurs, the growth is slower, but where 
thicker cork is required, the period is of course 
longer "J’Jie first b tupping usually takes place 
on the 15-20 year-old tiee The best cork is 
yielded by trees of from 50 to 100 years old. 
Those growing m the mountainous distiicts 
yield a smaller quantity but better quality of 
cork. 

After the cork bark has been removed from 
the tree, it is stacked and weighted with heavy 
stones to flatten it, and when dry it is scraped 
with an iron tool to remove the epidermis The 
cork IS then immerbcd for 6 or 6 minutes in a 
tank of boiling water, when it swells, and, 
according to the quality, letains this swelling 
more or less permanently The water also 
removes tannin, vegetable acids, and their 
salts In 8pain the coik is occasionally passed 
through a lire, whereby it is superficially 
blackened, acquiring, it is supposed, by this 
treatment especially good qualities or ‘ nerve ’ 

After steeping, the plates aie placed in heaps^ 
weighted, and by liydrauhe jiresses compressed 
into bales and bound with hoop iron 

Chemistry of cork. (Virk extracted with hot 
water undci pressure, yields gallic acid, colouring 
matters, iron and magnesium salts By extrac- 
tion with alcohol it yields ‘ eerin,’ or eork wax 
O32H20O Siewert examined the alcoholic extract 
and isolated from it ‘ deoaciylie acid ’ (Jj 0^118^2. 

The composition of coik has been fuitbei 
studied by Kugler (Areh Pliarm 1884, 217), 
Gilson (ibtd 1890, 690) , and Hy Ingle (J 8oe 
Chem Ind 1904, 1197) 

Subertne, according to Kugler, is a real fat, 
which cannot be entirely extracted by solvents, 
b3causc tliey do not penetrate the material 
sufficiently 

Gilson saponified cork from Q s^tber with 
3 pc alcoholic potash, and isolated fiom the 
hltrate 44 p c of fatty acids, consisting of • 
Phdlmiie acid C22H32O2, m p 95°-9b°, a mono- 
basic acid giving a violet colour with zinc 
chloi ide-iodinc solution ; yield 8 p c Saherinic 
acid G17H30D,, a semi-fluid sticky substance; 
36 p e Pldoiomc acid C22H40O7 • fine white 
needles, m p 120°-121°; in small amount 

Gilson considers suberine not to be a true 
fat, but rather a mixture of complex osiers and 
possibly condensation products of diftcrent acids. 

Treat<'d with iodine solutions cork docs not 
give the eeliuloso reaction, and there is some 
dispute as to whether cellulose or a pentosan is 
the carbohydrate present in cork Gilson, from 
microscopic examination, considers that cellulose 
IS present 

Cork also contains certain aromatic com- 
pounds, tannin and the aromatic aldehyde of 
wood, hadromal, besides comfonn and vanillin. 

Treated with strong nitric acid, cork pro- 
duces suberic acid (Cfl2)6(C100H)2, oxalic acid, 
and other products. Strong sulphunc acid chars 
it, but it IS little affected by hydrochloric acid. 
Chlorine, bromine, and iodine cause cork to 
shnnk, the two former first bleaching it Ignited 
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it bums, swells up, and forms a charcoal called 
Spanish black 

Physical j?ropertics — The sp gr of cork is 
variously given from 0 12 (Rollmann) to 0*24 
(Muschenbroek) , on the average 0 10 

The uses of cork depend on its compressibility, 
elasticity, imperviousncss to liquids, its lightness, 
its stability to weathering, &c It is used m 
making stoppers, mats, solos, linings, springs foi 
heavy waggons, as anti-vibratory and sound- 
deadening materials 

Waste cork is granulated by suitable ma- 
chinery, sifted, and then ground to jiowdcr. 
The finest dust is mainly used m the manu- 
facture of linoleum Slightly coarsei cork is 
used for the manufaetuie of eoik eaipet, but m 
both eases the binding mateiial is prepared 
linseed oil 

Still coarser cork, of the si/e of peas, mixed 
with a proportion of fine, is employed inthe manu- 
facture of mats, insulating materials for water 
and steam pipes and cold stoiage chambeis, 
packing, artiiicial corks foi bottles, &c 

In order to bind the partudes of cork together 
are employed (1) collodion , used for batli mats 
and stoppers The gianulated cork of various 
grades in suitable piopoitions is mixed with the 
solution and the pasty m.iss pressed into 
perforated moulds , these arc then lieated in a 
suitable chamber provnled with a condi'iising 
appliance to recover the solvents, ether 
and alcohol ‘ Su bento ’ belongs to this class 
'riio mat is lemovod from the mould and 
‘ buffed ’ (sand-papeied) on a bufFiiig macluiie 
similar to that used by (.abinet makers (t)ik 
stoppers are made in a similar manner, and also 
insulating slabs and tubes foi (overing steam 
and watiT pipes 

(2) Gluten, casein, and glue mixed with 
oily materials and resins and dissolved in 
suitable solvents, aftoi mixing with the coik 
(rendered more or less insoluble by means of 
formalin, tannin, dichromatcs, lime, &c ), ha\e 
also been used and patented for the production 
of cork slabs, &c , from granulated coik 
The cork of various degrees of lineiicss is mixerl 
with tiio cement, subjected to powerful hydrau- 
lic pressure in moulds, and in some cases heated 
up to 200° to harden tlie albuminous imitters of 
the cement 

(3) Mixtures of coik with silicate of soda 
and baiytes or other pigment have been used 
for steam-pipc coverings 

Slabs of coik hav^o also been made by soaking 
cork m soap solutions, then drying, treating 
with milk of lime, again drying and pressing the 
resultant m.vss into lieated moulds 

Another use foi cork waste, more or less 
finely giourid, is in the production of floors In 
this operation ground cork is mixed with a 
cement, such as Portland ( ement, or more often 
a mixture of cork and calcined magnesia is 
mixed with a solution of magnesium < hloride 
and the pasty mass spread on the floor and 
allowed to haidcn , other salts, sudi as lead 
acetate, aie sometimc's added 

(tork dust IS also used as a packing for the 
hollow spaces between the walls of cold-storage 
chambers, round the pipes of ice plants, &c , 
no binding materials being employed Mixed 
with pitch, granulated cork is used as the 
filling between the outer and inner soles of boots, 
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especially American, It forms a warm, water- 
proof and resilient layer 

Granulated cork of various degrees of fineness 
IS also mixed with the paint used to coat iron 
surfaces where there is danger of the condensa- 
tion of moisture, such lus in the cabins of steami'rs, 
in breweries, factories, laundries, and the like 

Hy I 

CORNISH CLAY V ('lay 

CORNISH STONE o Clay and (hiiNA stone 

CORN OIL V Maize oil. 

CORNUTINE?^ Ehoot 
CORONITE. An explosive consisting of 
nitroglycerine, 38-40 paits , nitro-cotton, 1-U 
paits, ammonium nit i ate, 2l)-2S parts 
potassium nitrate, 3-5 parts , aluminium stear- 
ate, 11-14 p.bits, rye flour, 8-11 paits; wood 
meal, 2-4 parts, liquid paiafhn, 2-4 parts (c 
Explosives) 

COROZO. Vegetable ivory The seeds of 
Phytdcpluus inaoocai pa 

CORROSION OF METALS. By th(‘ teim ‘cor- 
ic'ision ’ IS generally iinchustood f he disintc'giation 
of a nicfal through oxidation Usually a skin of 
oxide IS toirned which more oi Ic'ss protects the 
undeilying metal fiorn attack Copper, /inc’, 
lead and aluminium aie c.ises in jioint lion,i 
on the othci hand, is cxc’cjitional, m that, when 
oxidised by exposure to oi dinar y at mosjihc'nc 
mtluenc'cs, a pulverulcuit, hygiovsc’opic mass of 
oxide, known (.imiliarly as lust, is pioduced, 
which not only fails to protoc t the underlying 
mct.d, but actu.illv acc cleiates further corrosion 
Pol this icxison, and also bec*ause non is of such 
enormous commercial imjiortance, the various 
jirobliuns associatc'd with the coirosion of non 
have ics-eivc'd wide consideration and bc'cn made 
the subject of numerous researches ; only in very 
lecent yeais have' systematic* attempts been 
j made to investigate the corrosivity of the other 
I commercial metals 

Corrosion of iron. It is impossible here to 
icview or discuss the voluminous literature which 
has ajipeaied on the subject during recent years, 
and for p.irtic ukiiN, inc*lucling bibliogiaphy, the 
' rc'ader is refeiied to Piiencrs Corrosion of Iron 
I and Steel (Longmans and Co , 11)1 1), and to The 
Coiiosion and Ihc'servation of lion and Steel, by 
(kishmaii and Gaidiier (JMc(Jraw-Ilill Hook Co , 
New York, 1910) It will sufiice heie to give a 
short account of the questions at issue 

(Jonditioas csscniail to the coirosiov of iiou — 
Bcffoie passing on to consider the various theories 
that have been offered to account for the 
nu*chanism of coiiosion, it is imjiortant to have 
a clear conception of a few of the fundamental 
facts These may be briefly summaii^ed as 
follows — 

1 Li([uid water, alone, both at ordinary 
tempeiatuies and at the boilmg-pomt, is without 
any ajipieci.iblo action upon non. In the course 
of time the mekil frecpicntly becomes very 
' slightly taimshod, but no tiacci of riist-fonnaticm 
I can be detected 

I 2 Watei Aajiour is without xusible action 
; upon iron at oidinaiy fcmpcratuies upwards to 
I about 300"(^ At 35b°C , and somewhat above, 
I tarnislung occurs owing to a superficial layer of 
I ferrous oxide being produced At still higher 

' I The word ‘ iron ’ is, both here ami in the sequel, 
! used ill its broadest sense to cover wrought iron, steel, 
, and cast iron. 
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temperatures a protective layer of ferroso-femc 
oxide IS produced, which, however, ls not rust. 

3. J>iy air or oxygen has no visible action 

upon iron at ordmaiy temperatures. It is not 
until the metal is raised to about 220°C. that 
a pale yellow tint is acquired, which, as the 
temperature rises, becomes successively straw- 
coloured, purple, and finally blue These ‘ tem- 
pering ’ colours, as they are termed, are due to 
the formation of thin layers of oxide, and are 
Cfinsequently not produced in vacuo (Roberts, 
Trans Inst Mech Eng 1881, 710), but are 

produced in perfectly dry air, such as that 
obtained by prolonged desiccation over phos- 
phorus pentoxide (Friend, J lion Hteel Inst 
190% 11 172). 

4. A mixture of water vapour and air is 
without action on iron at ordinary temperatuH‘S. 
'This was demonstrated by Dunstan and his co- 
workers (Trans. (Jhem. 8oc 1005, 87, 1548), who 
further showed that if, under tlie above condi- 
tions, liquid water is allowed to condense on the 
surface of tJie metal coirosion proceeds lapidly 

From the foregoing it is evident that the 
rusting of iron is not an example of direct aerial 
oxidation, but that the presence of both liquid 
watoi and air or oxygen is essential 

Theorie'i of ru-stuig — Now although all 
ordinary iions readily corrode when cx])osed 
to the combined action of distilled oi natural 
waters and air, it js of fonsiderable academic 
importance to iiKpiiro whether or not a pure 
.specimen of iron will corrode when exposed to 
perfectly pure air and water. In 1888 Crum 
Brown (J Iron Sleel Inst 1888, ii 129) sum- 
marised hiiefiy the most important facts then 
recorded on the corrosion of non and supported, 
tliough he did not originate, the then ciirient 
idea that the action is pnmaiily the result of 
acid attack — the acid, in most cases of aerial 
oxidation, being caibonie According to this 
theory the metal is first attackisl by dissolv<‘d 
carbon rlioxido (carbonic acut) giving ferrous 
carbonate, or bicarbonate, and liydrogen The 
forrou.s salt is fhen oxidised by atmospheric 
oxygen, and the basic feme cailxmatc potenti- 
ally formed is, m jiresonce of water, converted 
into hydrated fiuiio oxide (rust). As the 
cirhon dioxide is thus wholly eliminated at tho 
end of the cycle, it may be siqijioscd to KUiew 
its attack on the iron 

Tins theory received vigorous support from 
Moody, vvlio proved by a V(‘ry ingenious expeii- 
ment (ihoe (Jhem 8o(’ 1J)07, 23, 84) that ru.st 
is formed by the action of oxygen upon non in 
solution and not by its action upon the metal 
itself In otlicr words, the rusting of iron is 
preceded liy its solution Moody further 
satisfied himself, as the result of a careful senes 
of experiments (Trans (jhoin. Soe 15)00, 89, 
720), that water and oxygen alone aie quite 
insiifricient to induce rusting Jn experiments 
whore iron had remained bright for many weeks 
in contact with pure air and water, tho intro- 
duction of a minute quantity of carbon dioxide 
at once determined rusting The experiments 
of Friend (J Iron and Steel Inst 1908, ii 10; 
Proc (Jhem. Soc. 1910, 20, 179) led to tho 
same conclusion. 

On the other hand, Whitney, in 1903 (»T. Amor 
(Jhem Soc 25, 394), applying modern electro- 
choraical theory to the process, expounded the 


diametrically opposite view that water and 
air alone suffice to establish rusting Accord- 
ing to modem views, the action of an acid on 
a metal is ascribed to an exchange of electric 
charges between tho hydrogen ions of the acid 
and tho electrically neutral atoms of the metal, 
the hydrogen being deposited on the metal in 
the molecular state, and the metal atoms 
passing into the solution as metal ions. In- 
asmuch as pure water is regarded as being 
to some .small extent ionised into liydrogen 
ions and hydroxy] ions, it is to that extent, 
electrochemically speaking, an acid, and when 
iron is immersed in it, there should be a 
deposition of hydrogen on the iron and an 
equivalent formation of iron ions The water 
round tho iron now contains ferrous ions and 
hydroxyl ions, or in other words, is a dilute 
solution of ferrous hydroxide. If oxygen has 
acce.ss to the ferrous hydroxide solution, hydrated 
ferric oxide will be formed and deposited as rust 
8ucli m outline is Whitney’s theory, apart 
from tho detailed application of Nernst’s theory 
of electrolytic solution pressure, which ho also 
introduces The explanation just given for tho 
action of pure water on pure and physically homo- 
geneous iron, involves the depo.siiion of hydiogen 
as a film of gas on the immersed portion of tho 
metal As this film would prevent further 
contact between the metal and the water, it is 
siqiposed that it .slowly dissolves in tlie water and 
escape.s by diffusion, or is oxidised by the dis- 
solved oxygen, so enabling the action to eontimic 
This theoiy rcceivcil considerable sujiport from 
W H Walker and his co-workers (J Amor. 
Chem Soc 1907, 29, 1251), who concluded that 
they had ‘ substantiated the woik of WJntney, 
and sliown that non does dissolve in jmre water 
in the ab.senee of carbon dioxide and oxygen ’ 
Dunstan, Jowett, and (Moulding (Trans. 
Chem Soc 1905,87, 1548). 

It may be ackled, in passing, that tho 
names of Cushman (The Corrosion of Iron, 
Bulletin No 30, US Dejit of Ague 1907), 
Tildcn (Trans (Jhem Soc 1008, 93, 1358), ancl 
of Ileyn and Bauer (Mitt Konigl Mateiial- 
piufungsamt, 1908, 20), must ho added to those 
who behove that iron will corrode m the piesenee 
of pure water and oxygen 

Nearly all the experiments just referred to 
were earned out with iron of ordinary com- 
mercial purity. Tins circumstance made it 
po.s.sible for supporters of tho ‘ acid theory ’ to 
ascribe the lusting in absence of carbonic acid, 
to the presence of acidic substances generatecl 
from impurities m tho iron itself Lambert and 
Thomson (Trans. Chem Soc 1910, 97, 2420) 
found that carefully purified iron remained un- 
changed when exposed for several months to 
purified air and water Any specimen of com- 
mercial iron, or of iron prepared with fewer 
precautions than the immune samjile, rusted 
quite readily m the same ciicurnstanccs. From 
their experiments, the authors concluded that 
whilst pure non will not rust in pure air and 
pure water, iron will do so if it contains only a 
small amount of impurity, even if the impurity is 
neither acid m itself nor likely to give rise to acid. 

From tho foregoing it is evident that opinions 
widely differ as to the chemistry of corrosion. 
Academically, therefore, the problem still awaits 
solution In actual commercial practice, however, 
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since neither water, air nor iron itself, is 
ever quite pure, it may be safely postulated that 
corrosion will result whenever tnose three are 
brought into contact. 

The Mechanism of Corrosion — Aitchison (J. 
Iron and Steel Inst , 1916, I., 77) has outlined 
an attractive theory according to which, in the 
case of a perfectly annealed specimen of pure 
iron, a difference of potential exists between 
the crystals of ferrite and the amorphous, inter- 
crystallme material, thereby leading to corrosion. 
Any potential difference between the crystal 
grains themselves, due to strain, in a less 
perfectly annealed specimen will add to this 
effect, tin total corrosion being the sum of the 
two actions. In the case of iron containing 
carbide the mam differences of potential will lie 
between the eaibido and ferrite, the latter 
functioning anodically and oxidising away. 
The case of steels containing alloying metals is 
interestin‘jf. Totcntial difference exists between 
the carbide and solid solution, the latter acting 
as anode If the alloying element is associated 
entirely with the carbides, as m the case of 
small cpiantities of W, V, and Mo, they do not 
decrease corrosion Ni, on the other hand, 
enters the solid solution, reducing its solution 
ressure and hence the potential cliffcience 
etween it and the caibidc, thus hindering 
corrosion 

The feiroxyl indicator ^J’he study of the 
susceptibility of non to rust, and especially of 
the localisation of susceptibility, has been aided 
considerably by a device due to Cushman {I c 
and J. Iron and Steel Inst 1909, J 33) and 
Walker (J Amci (.'hem >Soc 1907, 29, 1257) 
The iron to be studied is fixed in a jelly made of 
agar-agar, in which small cpiantities of phenol- 
phthahun and potassium femcyanide have been 
incorporated. Wherever the iron is being 
attacked, blue ferrous femcyanide (Turnbuirs 
blue) appeal's, whilst the second electrode in the 
circuit declares itself by the pink colour deve- 
loped from the phenol-phtlialem The pink 
eoloui indicates the presence of hydroxyl ions 
* Q'hc chemical nature of rust — Rust is a 
pulverulent, hygroscopic mass, ranging in colour 
from brown to led, and consisting of iron 
oxidised more or less completely to hydrated 
ferric oxide As a rule, the browner the rust 
the greater is the extent of hydration Some 
ferrous oxide is generally present also, partnu- 
larly if the original metal has not been completely 
oxidised away. This ferious oxide has a blackish 
appearance and may bo found in the innermost 
layers close to the metal {see analyses by Moody, 
Trans, (ffiern Soc. 1906, 89, 726 , Tilden, tbid, 
1908, 93, 1358; (lames, Chem. News, 1910, 101, 
205 ; Steel, J Soc. Chem Ind. 1910, 29, 1 141, 
&c ) Rust also contains free water in addition 
to that chemically combined with it, and it 
readily absorbs carbon dioxide from the air 
Those two properties serve to render it an active 
stimulator of corrosion, for the carbon dioxide 
dissolves m the moisture yielding carbonic acid 
This attacks a portion of the iron converting it 
into ferrous carbonate, which m turn is oxidised 
by the air to rust. The liberated carbon dioxide 
IS now free to attack further portions of iron in 
a similar manner. 

Oraphitisahon is a form of corrosion to which 
cast iron is particularly liable, the mass becom- 


ing so soft as to be readily cut with a knife The 
metallic iron is more or less completely oxidised, 
mainly to ferrous oxide Frequently portions 
of this latter have been -washed or dissolved 
away, the remainder collectmg within the pores 
of the now isolated mass of graphite. Examples 
are afforded by Berzelius (Traiti'* de Ohimie, 
1831, vol m ), Rennie (Mm. Rroc Inst Civil 
Eng 1845, 4, 323), Draper (Chem. News, 1887, 
56, 251), Le Naour (J. Iron 8teel Inst. 1898, I 
526), Jlolgatc (das World, 1913, 58, 479), and 
others Of these Berzelius drew attention to 
the cast-iron cannon balls raised at Karlskrona 
from a ship that had been sunk fifty years 
previously They had been converted into a 
soft, porous mass which spontaneously heated 
upon exposure to air Rennie mentions the case 
of cast-iron guns reclaimed from the sea m 1822, 
off Holyhead, after an immersion of about 190 
years. When brought out of the water they 
were quite soft, but upon exposure to the air, 
tliey hardened to such an extent that they were 
iLsed to hre salutes when ^ing Ceorge IV passed 
through Holyhc'ad on Ins way to Dublin. It 
was observed that these old guns gave louder 
reports than any others As a rule, this kind of 
corrosion docs not take place with the purer 
forms of commercial iron, althougli a few cases 
of similar softening are on iccoid wheie wrought 
iron has been subjected to piolonged immersion 
in sea water (Lidy, Engmci'iing News, 1897, 39, 
85) The pcicentage of carbon in such cascu is, 
of cours(‘, much h'ss th.in with cast iron, but is 
frequently much higher than the noimal in 
(‘onsequence of tlu‘ solution and removal of 
some of tlie iron 

Influence of di<isolred svhdances on insting 
Q’he effect of dissolved salts in the watei has 
received great attention m both the laboratory 
and industiial study of lusting 

As a general rule, a dissolved salt might bo 
expected to stimulate corrosion by inn easing 
the conductivity of the water If the substance 
gives an acid solution this action will be all the 
moie marked On the other hand, ( oncirntrated 
salt solutions do not dissolve oxygen to the same 
extent as pure water, so that if the metal is 
completely immersed, retardation of rusting 
miglit be expected on this account Q’hc above 
conclusions are borne out by the experimental 
work which has been done. Acids and am- 
monium salts stimulate corrosion very con- 
siderably; sodium chloride stimulates in dilute 
solutions and retards in concentrated solutions. 
Gencially speaking, as the concentiation is 
increasecl the corrosivity increases to a maxi- 
mum (critical conccmtration), and then, unless 
interrupted by saturation of the solution, falls 
practically to zero (limiting concentration). 
The limiting concentration in certain cases is 
found to have an extremely low value, e g m 
alkaline solutions and in chromate.s and di- 
chromates. Chromate-s and dichromates, and 
other oxidising agents are known to render iron 
passive, and Dunstan and Hill {I c ) have shown 
that alkalis also produce passivity, so that the 
effects may all be due to this cause In any 
case there is no doubt that above a small con- 
centration, many substances, such as potassium 
and sodium carbonates, permanganates, lodates, 
chromates, and dichromates, borax, &c , will 
prevent rusting entirely. This property of 
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the chromates is beginning to hnd industrial 
application in tho painting of iron work, 
and the protection of boilers. When more 
than one electrolyte is present m the water 
the effects arc more eompheated and it is 
found that the concentration of tho inhibitor 
must usually bo considoiably greater than when 
it IS present alone, if eoriosion is to bo prevented 
An interesting special case is the behaviour of 
potassium dichromate in the presence of other 
salts In such cases tho dichromate being an 
acid salt reacts with the other salt to produce 
free acid, which destroys the passivity and allows 
rusting unless tho dichromate is in largo excess 
l<\ir practical application as a rust preventive 
in such cases, potassium chromate which pro- 
duces no acid is equally effective (Friend and 
Brown, J Iron and Steel Inst 1911, J 125) 

I’ho temperature of a solution exerts an 
important influence upon its relative corrosivity 
A 3 p c solution of sodium chloride at 10X\ is 
considerably more corrosive than tap water at 
tho same tmnperaturc, but as tho temperature 
rises the relative corrosivity falls, until at 2 IX 
the solution is appreciably less corrosive than 
tap water Hflio behaviour of sea water, which 
contains approximately 3 p c of sodium chloride, 
is of practical interest to the engineci At IIX, 
it IS considerably more corrosive than fresh water, 
at 13X tho two waters act similaily ; whilst at 
all higher temperatures sea water is less corrosive 
than tap water 1 Friend and Brown, Trans (5hem 
8oc 1911, 99, 13(i2) Jn the western part of 
tho tropical Bacihc Ocean a temperature of 32°(X 
IS frequently attained ; whilst m the Red Sea and 
Persian Gulf temperatures of 34 4*^0 and 35*5°C. 
respectively h«ive been recoided. Such waters, 
therefore, are much less corrosive than river 
waters at tho same temperature. In the Aictic 
Ocean, on the other hand, tho temperature often 
lies below O ’C , and such waters are much more 
corrosive than fresh waters Between these two 
extremes all grades of teniperatuie occur with 
conespondmg fluctuations in the lelative 
corrosivities 

It IS a matter of common knowledge that 
alkalis, if present in sulheient quantity m 
solution, will completely inhibit corrosion 
The merest traces ol sodium or potassium 
hydroxide will suflico to do this provided tho 
solution IS jirotected from neutralisation by the 
carbon dioxide of tho air Upon exposure to 
tho ordinary atmosphere, however, carbonates 
are produced, and these tend to stimulate cor- 
rosion at oidinary temperatuio unless the 
concentration of tho alkali hydroxide is sufh- 
eiently great to yield at least the limiting 
concentiation of alkali carbonate, namely, a 
0 25 p.c. solution. An interesting case arises 
when iron is immersed in alkaline solutions 
containing dissolved inorganic salts For ex- 
ample, iron will remain untarnished for an 
indehnite period in a 1 p c solution of potassium 
hydroxide Upon addition of potassium chloride 
however, corrosion is readily induced It is 
possible, however, to increase the concentra- 
tion of tho alkali to such an extent that corro- 
sion is entirely inhibited, no matter what 
concentration of chloride be added. Tho 
minimum amount of alkali required to inhibit 
corrosion vanes with the nature of tho added 
salt, and rises with the concentration of the same 


until saturation of tho last-named is reached. 
It 18 important to note that when iron corrodes 
in alkalme solution, the rust invariably takes 
the form of pitting, being localised at vanous 
points on the surface of the metal. When 
SCI aped away its mtenor is found to be dark, 
consistmg largely of ferrous oxide, and the metal 
IS observed to be eaten out or corroded into a 
small pit The ongmal cause of this pitting is 
probably tho presence of traces of superficial 
impurity ; nevertheless, even tho purest foims 
of commercial iron, such as Kahlbaum’s electro- 
lytic metal, readily pit m this manner. This is 
a point of considerable importance to boiler 
engineers, inasmuch as alkaline feed waters 
are liable to produce serious trouble. It is not 
diflicult to imagine that a largo iron boiler or 
tank might very well lose several pounds in 
weight through a uniform superficial corrosion, 
and not be seriously injured thereby Yet tho 
loss of only half an ounce, if localised in the form 
of a deep pit passing entirely through the metal, 
might bo disastrous The remedy m such 
cas(‘s appears to he m raising the concentration 
of the alkali until the inhibiting point is reached 

Various factors tnflueurinq corrosion — Jt 
has already been indicated that the concentra- 
tion of (hssolvcd oxygen at the surface of the 
metal has a very important influence on the 
progress of rusting Fraetical experience con- 
firms this in many ways Pipe lines conveying 
water have been known to fail mainly on 
account of the extreme aeration of the water. 
Bndgo structures always rust most readily near 
the water level, particularly if the water is in 
slight motion {see Cobb, J Iron Steel Inst 1911, 
I 170). Iron work which is deeply immersed m 
water or deeply buried, rusts much more slowly 
than that winch is nearer to tho atmosphere 
The oxygen used up at the metal- water surface, 
is gradually replaced by diffusion from the air- 
water surface, and anything which prevents or 
decreases the rate of diffusion, such as reduction 
in tho size of air-watcr surface, or covering it 
with a layer of material impermeable to oxygen, 
will delay rusting The rate of flow of the water 
past the metal might be expected to have an 
influence in this respect, and Heyn and Bauei 
(Mitt Konigl Material-prufungsamt, 1910, 28, 
93) have actually found that slight motion 
increases tho rate of corrosion for both cast 
iron and steel, especially the former. With an 
increased rate of flow, however, tho corrosion 
dccieasod again At high temperatures, it is 
naturally found that the tendency to rust is 
greatly increased although, under many con- 
ditions, this may bo compensated for by the 
diminution in tho supply of oxygen caused by 
the lower solubility 

Influence of 'phy'^icoX condition — It is an 
expenmcntal fact that two samples of iron may 
possess precisely the same chemical composition 
and yet exhibit a marked difference in their 
powers of resisting corrosive influences. This 
is attributable to variation in the phijrsical pro- 
perties of the metals A series of interesting 
experiments was earned out by Andrews (Mm. 
Proc. Inst Civil Eng. 1894, 118, 356) on this 
point, with the object of determining the influence 
of tensile, torsional and flexional stresses, re- 
spectively, upon corrosion. In so far as the 
first of those, namely, the tensile stress, was 
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concerned, it was found that the strained 
ortion was cathodic to the unstrained when 
oth wore connected in a cell containing sodium 
chlonde solution ; m other words, the stramed 
portion lesisted corrosion more successfully than 
the unstramed On the other hand, ilambuechen 
*(Rull Umv. Wisconsm, Eng Ser. 8, 1900), after 
a similar senes of experiments, was led to an 
opposite conclusion Tins ajipaient discrepancy 
is explained by the work ol Richards and Behi 
(Pub Carnegie Inst , Washington, 1900), which 
makes it clear that any difference of potential 
existing between strained and unstrained 
portions of metal is very small and ls greatly 
influenced in direction by local ciicuinstances 
Burgess (Trai^ Arncr Electiochem 8oc 1908, | 
13, 17) found that non deformed by stretching 
beyond the elastic limit corrodes more lapidly 
than unstrained portions, and this is supported 
by the woik of Ileyn and Bauer (J lion 8teel 
Inst 1909, I 109). As regards the influence 
of torsional and flexional stress, Andiews found 
the unsti allied portions to be moie suscejitible 
to coriosion than the stiained Heie again the 
extent of the strain and the local conditions will 
each cxeit due influence upon the lesult 

In 1911 Haiiemann drew attention to some 
interesting effects produced by heat treatment 
upon the resistance of steel to acid attack (Stahl 
und Eisen, 1911, 31, 1305) He showed that 
each steel, according to its carbon content, 
appears to have an optimum queue lung tcmpeia- 
ture, at which a maximum tensile stiength is 
obtained His rt^ults fuithei mdieated the 
existence of a close connection between the 
tensile strength and solubility of the steel, the 
steel witli the highest tensile strengtli exhibiting 
the greatest solubility m acid Eiom the fore- 
going it IS evident that the physK al condition 
of the rnotal exerts an important influence upon 
its corrodibility 

Inflnefice of chemical composition — The 
ehcmieal composition of non oi steel li.is an 
important bearing upon its lesistance to coi- 
rosion This is most marked in the case of 
cast iron and steel, since these have a wider 
range of composition than wi ought non f’he 
most usual effects of alloying elements may be 
summarised as follows (Eneiid, l^apei rctxd 
befoie Staffs Iron and Steel Inst Feb 21,1914) 

1 Some elements, such as sulphui, exist 
in steels m the foim of relatively oxidLsable com- 
pounds In manganiferous and cuprifeious 
steels the sulphur is present mainly as the sul- 
phides of copper and manganese These leadily 
undergo oxirlation to sulphuieous acids which 
stimulate coirosion 

2 Not a few elements tombine witli iron 
forming alloys or compounds highly resistant 
to corrosion Such apjiears to be the ease with 
phosphorus, nickel, chromium, and sihcon 

3 The presence of one element may tend to 
alter the chemical or physical condition of a 
second element present in the iron or steel. 
For example, silicon tends to throw the carbon 
out of combination with the iron, and effect 
its separation in the form of graphite This is 
a well-known reaction in blast furnace practice, 
and the consequence is that the corrodibility of 
the metal is not only influenced by the presence 
of the sihcon per .se, but also by the altered 
condition of the carbon. 


j 4. Alloy mg elements tend to pioduce scgie- 
gation or unequal distiibution of the components 
j of the metal durmg sohdilication 8eiious 
' differences of potential are theieby initiated 
and the liabihty to corrode is piopoitionately 
enhanced 

In adchtion to lack of homogeneity in the 
metal itself it must bo lemembeied that contact 
! with a less electio-positivo metal, the jnesence 
[ of small quantitms of mill scale (Fe 304 ), oi even 
of rust itself, will cause the iron to become the 
I soluble electrode m a galvanic ciicuit and there- 
! by hasten its con os ion It is therefore always 

advisable to avoid making contacts with other 
metals, Ol even with other kinds of iron, at 
points wheie electrolytic action might take 
place The fact that non in constant use does 
not corrode so fast as when at rest has been 
ascribed to the fact that any oxides foimcd are 
I quickly lemoved and do not remain to exeicise 
I a galvanic influence 

I Influence of caihon and ‘munganuc — Two 
I of the most impoitaiit alloying elements in steel 
; are carbon and manganese, and the influence of 
these upon the eoirodibility of the metal has 
I been made the subject of consideiablo study 
Hadfleld and Friend (J lion Steel inst 1911', 

I [. 48) summarised their results as follows 
1 The addition of ear bon from 0 03 to 1 03 p c. 
to pure non containing lass than 0 2 p e of 
I manganese, results in a steadily inci casing rate 
j of coiiosion both m taj) water and in sea water : 

I an initial fall in coiiosion with a rapid rise to a 
I maximum witli 105 pc, caibon in alternate 
I wet and diy , and a rapid rise in coiiosion to 
1 a maximum witli 0 8 pc caibon when exjiosid 
to the action of dilute sulphui le aeid 

2 The addition of 0 7 }> c of manganese to 
the above steels results m a slightly increased 
coiiosion in tap water, sea watei, and in alteiiuite 
wet and dry tests, with a cailion content of iqi 
to about 0 4 to 0 (> pc. With luglier caibon 
contents the maiigamvse giuieially afloids a 
slight protection, wliieli is veiy decided in the 
wet and dry tests On the other hand, the 
piesence of the manganese eiioimously increases 
the solubility of the steels of all caibon contents 
ill dilute sulphuric acid This is a jioint of 
gieat commcieial impoitance siiue in oidinaiy 

I sWels the manganese content is very liable to 
fluctuate between 0 2 and 0 7 ji e and it is veiy 
j evident that the latter aie unsuited for acid 
i atmospheres or liquors Eor example, m largo 
towns consideiablo cjuantities ol sulphui acicls 
arc found in the atmospheie, owing to the 
combustion of bituminous coal, which, containing 
a small poicentage of non pyiites, leads to the 
formation of sulphur dioxide, and this dissolving 
m rain rapidly oxichses to sulphuric acid, giving 
the ram water an acid icaction. It has been 
shown that m the mdustiial quaitors of a largo 
manufacturing town this acidity will some- 
times represent as much as 90 lbs of sul- 
phuric acid per acre per annum, whilst in the 
residential quarters it will probably not bo more 
than about 25 lbs The sulphui ic acid, however 

ddute, coming in contact with iron-work, accele- 
rates the rusting, and by its corrosive action 
renders more difficult the protection of the metal 

For such districts steels of very low manganese 
content would appear to be most suitable. 

3 By increasing the manganese content to 
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2 p c. upwards the corrodibility of the stools is 
greatly decreased m neutral media, although 
m dilute sulphunc acid the solubility is greatly 
enhanced. 

Numerous other researches on the influence 
of carbon, nickel, cliromuim, co])per, &c , have 
been carried out by Jbeuil, Chappell, AitchLson, 
Buch Diegel, and others, but for accounts of these 
the leader ls rcferied to the J Iron Steel Inst. 

Rtialive corrodibilities of wrought iron and 
sted — The question as to which of the two 
metals, wi ought non or steel, is the more le- 
bistant to corrosion is one which has attracted 
much attention The subject has been discussed 
by soveralmvestigatois (see Trans FaiadaySoc. 
l&lfl, 11, part 2), who point out that the mean 
result of examimng a laige number of samples of 
wrought non and of steel after exposuie to 
coriodmg influences mthcakis that the two 
metals are piactically equally resistant. Never- 
theless wide diveigcnces exist between the 
different irons and steels m individual cases 
Tins IS not necessarily due to any nicgulantics 
ill the metals themselves, but rather is it attri- 
butable to the fact that no one metal can be 
expected to offer an equal resistance to all 
kinds of coirosivo influences 'I’he ptoblem 
thus becomes on(‘ of determining which vauety 
of iron or of steel is the most suitable foi any 
partuular puiposo It is conceivable that 
eeitain makes of wrought non will piovo most 
useful in certain circumstances, whilst undei 
other conditions it will prove better to employ 
steel Field tasts, which aie lugently need(‘d to 
throw light upon these obscuio problems, aie in 
prog less. 

Corrobiou of cad it on — CVnnparatively litth* 
research work has been published on the cor- 
rosion of cast non In 1883 Gruner found that 
cleaned east non Wtus loss <ittackod by and 
moistuie than wrought iron or steel (Gompt 
lend 1883, flb, 11)5), but was inoie leadily 
attacked by dilute acids This lattei observa- 
tion Wtis conlirmed in 1915 by Fiiend and 
Marshall (J Iron Steel Inst 1915, 1 353), 

working with a mild stc‘(d and giey east iron 
In neiitial corroding media there w< 1 hS little to 
choose between the two metals The same 
investigators found (ibid 1913, 1 382) also 

that a variation m the percentage of silicon 
between the limits of 1 2 and 2 3 p c exerts no 
influence pet se upon the corrodibility of the 
metal Tlie fact that in many cases cast iron 
objects appear to have a longci life than corie- 
spondnig ones m wi ought non or steel is attri- 
butable to the protection affoided by the outer 
skin foiincd on the cast iron dining easting 
This may also account foi the gicatci resistant e 
offered by east-iron pipes to the dewtiuctive 
action of stray eleetiic currents (Brown, Elec- 
tncal Engineer, New York, 1898, 20, 441) 

Acceleration tests — In order to determine 
what particular variety of iron or steel will 
resist corrosion most effectively many attempts 
have been made to employ rapid chemical tests 
in the laboratory. One of the most usual of 
these consists in immersing different samples 
of the metal in dilute sulphuric acid for defimte 
intervals of time and noting the losses in weight 
Those specimens that dissolve most readily are 
regarded as most readily corrodible. It cannot 
be too strongly emphasised, however, that such 


tests are of no general value whatever. The 
only reliable method consists in experimenting 
with the samples of metal under precisely 
similar conditions to those to which the metal 
will bo exposed m practice This, it is true, is 
a slow process, but the losults arc sure. * 

Prevention of rust . — Wheie the use to which 
iron is to bo put does not admit of any pro- 
tective coating, it IS obviously necessary to 
consider all the above questions, with a view to 
providing conditions winch shall keep corrosion 
as slow as possible. The steel plates of a steam 
boiler, for instance, are subjected to very 
stimgent conditions which often cause extensive 
pittmg, so that special attention has to bo 
given both to the metal of which the boiler is 
contained and to the feed water An example 
IS desenbed by Huntley (J Soc. Chem. Ind. 
1909, 28, 339) of remarkable coirosion in a 
stand-by boner which could not be prevented 
by adding alkahs to the water Blisters wcio 
found neai the water level of the boiler, filled 
with a liquid which contained feirous sulphate 
and sulphunc acid The pioductioii of the sul- 
phunc acid was found to be due to the picscnce 
of manganese suljihido in the steel. The 
blistei of rust had retained the sulphuric acid, 
and oxygen passed m to oxidise the sulphide 
moio lapidly than sodium hydioxido to neutia- 
lise the lesultmg acid In this case, a lemedy 
was effected by the addition of sodium arsemte, 
which piesumably acted as a icduimg agent 
combining with the dissolved oxygen Thcio aie 
vaiioiLs othei devices foi the lemoval of oxygen, 
such as passing the feed water over scrap iron 
in a closed box, or the addition of an alkaline 
solution of tannin, whicli in the boilei forms 
strongly leducmg pytogallaie The use of 
dichromates or chromates has already been le- 
f erred to, although the practice has not yet 
been widi4y tested on the large scale Other 
attempts to protc'ct non have been made by 
placing pieces of zinc in contact with the metal 
so that the iron would be piotected at the 
expense of tlie zinc This piactico is not very 
economic.il, and usually the effei t of the zinc is 
conlined to its immediate locality In ceitain 
circumstances, however, the method is of value. 
A method of pieventing oi letaidmg the coiio- 
81011 of boilei's consists m applying an external 
cuiient so that the boilei shell ls the cathode, 
an immersed piece of wrought iron the anode, 
and the boiler- water the electiolyte A current 
of 1 to 2 amperes at 4 to 8 volts’ pressure is said 
to show a satisfactory reduction in the extent of 
the attack on the plates (Haiker and Macna- 
niara, J 8oc C3iem Jnd 1910, 22, 1280). 

Where conditions permit it, and especially 
in the case of stiuctural iron work, it is of 
course a matter of economy to give to exposed 
iron work a protective coating. The first 
essential is to pi o vide a coating which shall be 
as impervious as possible to air and water. 
Further considerations arise, particularly with 
regard to the course of events at points whore 
the coating has given way. For small articles 
a film of vaselme, black lead, or similar material 
which can be readily renewed is of great practical 
value. A coating of hot tar or pitch (Angus 
Smith) has also found wide apphcation Wire 
and articles of sheet metal may be protected 
by means of a coating of a less corrodible metal, 
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usually zinc or tin. Tin plate finds its widest 
application in the manuiacture of vessels to 
contain foodstuffs, and other articles for which 
a long life is not desired. It is less suitable for 
severe conditions, since at any point where the 
iron has become exposed a couple is produced in 
which the more electro-positive iron acts as the 
soluble clectiode and sulfeis rapid corrosion 
It IS therefoic of importance that the tin should 
bo as free fiom pinholes as possible, and the 
ferroxyl mdicatoi applied m a thin layer to the 
surface of the metal is a veiy valuable indica- 
tion of the extent to which they exist Every 
pinhole IS indicated by the development of a 
blue spot which shows that iron is parsing into 
solution In galvanised or zinc-coated iron the 
state of affairs is le versed The zinc protects 
the non first by its own resistance to coriosion, 
and then when the coating is broken, by the fact 
that the non is piotected at the expense of the 
moie electro positive zinc Theie are several 
methods now in use for piovidmg the zinc 
coating m the most suitable foim In the hot 
dip method the iron, after passing through a 
‘ fluxing solution,’ is (lipp('d into molten zinc 
The fluxing solution whicli has for its object the 
cleaning of the iron suiface usually contains 
hydioi hloric acid, and the traces of this which 
aio can led over often have <in undesirable 
effect m piodiu ing couosion of the finished 
[iroduct In addition to the laio necessaiy to 
avoid this eflect, it is vc'iy impoitant to coiitiol 
the bath so that a sufliciently imifonn and thick 
layer of zinc shall be pioduced on the non 
Other methotls of depositing the zinc aie by 
electiolysis and by exjiosuie to the vapour of 
zinc (Sherardismg), and it is claimed that both 
these methods pioduce a moie lesistant coating 
than the hot dip piocoss. The uniformity of a 
zinc coating can be tested by dijiping the metal 
in a hot toncentiated solution of caustic soda 
(Walker, Pioc Amci Soc , 'I’esting Materials, 
lOOJ), 8, 430) Pure zinc, under such conditions, 
IS practically uriafleeled, but in contact with 
iron, as it would be wiieic there wme cracks or 
pinholes in the coating, a cuiicnt of hydiogen is 
produced from the non 4\‘Hted in this way, 
hot galvanised non was found by Walkei to 
be iclatively fiee fiom imperfections, but wet 
or electiolytically galvanised was ficquently 
jioious, mthcating the necessity for caieful 
supervision of the late of deposition of the zinc 
so as to obtain the most adherent coating A 
number of othci piotective devices, mostly 
patented, depend ujion the jiroduction from the 
lion itself of a Kcsistant suifaeo layer The 
best known of these is the Paiff-Bower method 
of producing a fine closely adheiing layer of 
magnetic oxide, by the action of steam on the 
heatc'd metal In this way a very unifoim 
and durable coating can be obtained on ai tides 
which aie not too large When the metal doe-s 
become exposed, however, the oxide forms with 
the metal a couple which rc'sults in stimulated 
corrosion of the non In tlio Tatlock process, 
the magnetic oxide is obtained by heating in a 
bath of fused sodium or potassium nitrate The 
Coslett process, which is largely used in bicvclo 
manufacture, depends on the production oi an 
insoluble layer of phosphate oy the regulated 
action of phosphonc acid. These and similar 
methods ox protection are all fairly efficient for 


the protection of smaller aiticles oi sheets oi 
iron under not too stringent conditions. But 
where, as is often the case with stiuctuial and 
massive iionwork, the water may contain much 
soluble foreign matter (often of an and n.ituic), 
the piogiess of coiiosion must bo caiefully 
watched and checked This involves the use 
of a protective coat wliich sliall bo leiiewablo 
tn situ and easily applied For this reason, a 
consideiable amount of attention is now being 
paid to the piotcction of non woik by paint. 

Paints usually consLst of an intimate imxtuio 
of pignuuit and liquid veliielc -As legards the 
latter it is essential that it sliould excel m 
chemical peimanencc, impcrviousncss towaids 
air and moistuic, electric insulation, chemical 
inertness towaicLs non, resistance towaids 
physical damage, elasticity, and hiially in its 
drying, hardening or setting powci 4’ he 
vehicle most commonly in use is Imscod oil, 
which, upon cxposuie to an, absoibs oxygen, 
being tiaiLsfonncd into a tough, clastic solid 
called linox^n This oxidation piocccds only 
slowly in the case of the law oil as obtained 
by prossuic fiom linsct'd, and in oidci to facili- 
tate the setting, a substance tcimed a drici is 
usually added, whuh, by some means not 
thoroughly undcistood, lussists Uic oil to combino 
with the almoHphoiic oxygen fl’o the same end 
linseed oil is fie(|ueiitly heated, eitlici in the 
absence of <iir or whilst a cuiieiit of au is blown 
through , a cIiku may oi may not be added m 
this c.is(‘, accuidmg to ciicumstiinccs 

Tile absorjition of oxygen by I lie oil is at 
hi’st ac( oinpamed by a slight i xpansion, amount- 
ing in the case of puic law Palculta oil to about 
3 pc at Ih'^O (Fiicml, Tians Chem. Sue 11)17, 
111, U)2) Hi^nce when thick layeis of paint 
aio exposed to the an the outer layci becomes 
oxidivsed most lapidly and by expanding causes 
the familiar ciiiiklcd app(*aiaiicc For this 
reason the painter pi 0401*8 to apply his paint 
111 thin layers, so that, upon diymg, a smooth 
and unifoim coat lesults 

If th(5 oxidation of the oil stopj^ccl at tlio 
foimation of the solid Jinoxyn the paint film 
would be veiy peimanciit Unfoituiiatcly such 
IS not the ease Fuitliei oxidation takes phue, 
although very slowly, water, caibon dioxide, 
and other pioducts being evolved, and accom- 
panied by a simultaneous contiaction and 
embrittling of the film In couiso of time 
the contiaction becomes so gieat that the lilm 
cracks and peels away. 8uch old films are a 
source of danger toiioiiwurk, inasmuih cus they 
not only fail to pioti'ct the metal, but actually 
stimulate coiiosion (Walkei and Lewis, J Incl. 
Eng (fliem P)09, I 754) Hence when crack- 
ing of the paint (dm has once begun it is cU'siiablc 
to scfcape off the old paint and apply an eiitiiely 
fresh coating All tlio diying ods aie open to 
this objection, and attcmjits have been made to 
utilise other liquid vehicles, such as nitrated 
cellulose in amyl acetate, &c 

The heating of linseed oil, referied to above, 
induces a certain amount of polymerisation, 
reducing its permeabihty to moisture and 
generally increasing its protective power when 
used in pamt for iron work. Light gieatly ac- 
celerates the setting of the oil, but unfortunately 
it also accelerates its subsequent decomposition; 
for this reason, other things bemg equal, the 
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most peimanont paints aio tliose containing 
black or red pigments, smco these absoib 
the shelter ra^s of light and prevent them 
from hastening the de&tiucUve oxidation of 
tiio hnoxyn. As icgaids the pigments, they 
should bo in a line state of division iii older 
to admit of thorough im oiporation with the 
oil They slioLild also be iiLsoluble in watei, 
and chemically both permanent and meit The 
last-nami'd piopeity is laigely dependent upon 
the solubility and in the ca^e of eeitain ]>igmeiits, 
such ius the chiomes, a veiy slight solubility m 
moisture is not altogether a dis.id vantage, smee 
the dissolved chi ornate tends to inhibit corrosion, 
as already mentioned This was lound expeii- 
moiitall;y to bo the ease m the Athiiitic City tests 
earned out under the a 3 gis of Committee U of 
the Ameiiean Society foi Testing Mateiials. 
Those* te'sts weie b(*gun in IbOS and loi details 
the readei is leforred to ('ushman and Caulner, 
Coriosion and Pieseivation of Iron and 8teel 
(New York, 11)10), and Caidnci, Caint Tech- 
nology and Camts (New Yoik, 11)11) , sulhee it j 
to say, however, that paint mixtures containing 
ohro mates yielded promising icsults 

It IS dangeious, liowc'vxi, to use pigments 
that aie markedly solubli* in watei , since when 
these have dissolvi'd out of the paint film by 
ropeati‘d lainfalls, poics are left through which 
moisture .ind .ur loadily pass to the metallic 
surface beneath, hading to senous conosion 
The clnef fiim lions of pigment eoiLsist in 

(1) olleiing a suppoit to tlie linoxyn, theieby 
alfoiding a haidei and toughei lilm, projioi- 
tionately more i(\sistant to mechanual injury, 

(2) reducing the jicrmeability of the paint him 
to ,ur and moisture, since the* pigmentaiy 
jiartieles aio themselves impel vious to these 
(Th(*io aio othei lum tioiis, but foi fuitliei 
d(*tails rel(*renei‘ may be made to Fiiend, ]ion 
and i;)teel institute Cainc'gie Memoir, lOlS ) 
In the ease of .w'lial iron woik, a thick coat of 
paint piotects thci undeilying metal from attack 
moie ollRic'iitly tlian a thin coat, piovided the 
thick coat is not so ii(*a\ily laid on as to cause 
cTinklmg oi lunning ddn* best Jesuits aie 
obtained by multiple ( oats, two thin coats being 
more ethcieiit tlian one the k one* of ccjual wc ight 
Tho lion stiui tuu'S should be paintcal whilst the 
scale IS still on aftei looselv adheient flakc's <ind 
rust have been sciaped oil in this case the 
paint will last lather longei than if apjilied to 
the })ic klccl oi sandbkustc'd suif.ice and tlie labour 
of le moving the scale is s.ived Rust iicsM not 
be so eaiefully remoyed ])jioi to jiamtiiig as 
was forint ilv beheycsl to be rieeessaiy 

A useful paint for struetuial non work not 
exposed to sea-watei < onsists of oil with led hwl, 
Indian red and lainj) black, the thiee jngments 
being in approximately ecpial pi opoi lions by 
weight 

Almost ecpially good as the*/ led or white 
load paints for piotection is a bituminous paint 
made from jntch, the distillation of which has 
not been carried too far This must be absolutely 
free fiom free caibon and tai acids or ammonium 
salts, and if applmd hot to tho structure to 
bo protected, gives veiy good results, the colour 
being the mam diawback 

There aio many circumstances m which 
such a bituminous paint is preferable to an oil 
pamt, as, for instance, in gas woiks, urinals, or i 


slaughter houses, whoio there is much ammonia 
m tho air, which has an extiaoidmarily destruc- 
tive effect upon oil paints 

Corro6wu of non in conctele — In view of 
tho widespicacl use of conciote rciiifoiced with 
iron oi steel tho question of the coiiosion of tho 
metal m those ciicumstances is fi aught with 
unusual impoitance Owing to the fact that 
lion, upon lusting, undeigoes consideiablo 
expansion (Rauermami, J lion JSteel Inst. 
1888, II 135), it follows that should coiiosion 
of tho metal occur when it is embedded m 
concrete, a ciackmg of tho latter becomes 
inevitable , ^ more air and water enter, so that 
corrosion proceeds with an incioased rapidity 
and the stiuctuie becomes juoportionately 
weakened If tho com rote is well made and the 
whole IS undisturbed by stray eleetiie currents 
it would appear that fen o- concrete structures 
may last almost mdehmtely Tho mgiedients 
of tho concrete should not be too coai’sc, other- 
wise thorough mixing and good contact will 
baldly be jiossiblo The mixtuio must be well 
punned into jiosition in older to elirnmate voids 
in so far as is possible A sufficient thickness 
of concrete should bc^ applied, since, if it is too 
thin, it may ciack mechanically and thus admit 
an and water to the metal {Substances likely 
to contain acicLs oi acid producing constituents 
sJiould be avoided, such as, foi example, coke 
breeze and slags, which ficquently contain 
dangerous sulpliui conqxjuiids {mc Rcpoit of 
Science Standing (.'ommitteo of Concicte Inst 
Mai <), Ibll Fiiend, Tians (^oiicicto Inst 
1917- 18, vol ix ) 

Concicte may be advantageously coated 
with some watei prooling niateiial to lender it 
still juoie impel vious, piovidcd such pioohng is 
eutiicdy flee fiom acid oi acid pioduciiig sub- 
stances 'J’Jiis coume is specially to bo lecom- 
rnended m the case of rcinlorced concicte 
structuies exposed to the action of sea-watei, 
since the salt exeits a deteiiorating clfect upon 
tho concicte J<V)i this icason Cieigliton points 
out that if beach giavcl is used in making tho 
concicte it should first be veiy tliorougldy 
washed to leinuve the salt, and tuitheinioie salt 
should not bo added to .tlie concicte duimg 
builchng in cold weatlim to piovent its fieczmg 
(J Eiankliri Inst , Nov 1917 ) 

(<o)K)S(on of Not(-Fi)rou6 Mdah — Tho 
coiiosion of non-ferrous metals has not been 
made the subject of so much study as that 
of non and steel, nevertheless a considerable 
amount ol useful mfoimation has been accumu- 
kited 3’lio laio or precious metals, such as 
platinum, indium, and gold, are so lesistant 
to oxidation oi corrosion at oicbnaiy tcmpeia- 
tures that they may 1)0 said, foi all piactical 
puiposcvs, not to con ode at all Nickel and 
cobalt are also very lesistant to corrosion, 
although less so than tho foregoing metals. 
Silver tarnishes, particulaily m contact with 
sulphur or sulphuieous substances, and is 
readily pitted or corroded by chlorides such as 
common salt Mercury or quicksilver likewise 
tarnishes upon exposure to air, but the layer of 
oxide tends to protect the underlying metal 
from attack, if the liquid iB kept stationary 
Pitting 18 , of course, an impossible phenomenon 
in the case of a bquid. This leaves us with the 
following commercial metals to consider, namely 
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aluminium, copper, lead, tin, and 7inc, together 
with their alloys. Such metals as rhodium, 
ruthenium, &c , hardly concern us here, being 
rather of the nature of chemical curiosities than 
otherwise 

Aluminium — The study of the corrosion of 
aluminium has acquired a considerably enhanced 
importance of late years owing to the ever- 
increasing use of this metal for air-craft, fittings 
of sea-going vessels, and for domestic culinary 
operations 

Aluminium tarnishes upon exposure to air, 
and the layer of oxide, adhering closely to the 
metal, affords good protection m temperate 
climes against further corrosion Tn hot, 
tropical countries, where moisture is plentiful, 
the aluminium corrodes more rajudly, and the 
coating of oxide, although apparently continuous, 
may bo minutely porous Aluminium dunking 
vessels acquire a foul taste in such climates, 
probably owing to the absorptive properties of 
this porous oxide layer (Deseh, 3 Vans Faraday 
Soc. 1916, 11, Part 2). 

Aluminium is oxidised by prolonged contact 
with hot distilled water in the presence of air, 
the insoluble hydroxide being formed Scala 
(Atti R Accad Lincei, 1913, 22, (1), 43, 96) 
concludes that this is mainly due to the presence 
of iron, which passes into pseudo solution m 
colloidal form as ferrous hydroxide and cata- 
lytically accelerates the oxidation of the 
aluminium 

The greater the purity of the metal, and the 
less its variation in homogeneity, the greater is 
the resistance of the metal towards corroding 
influonce-8. Consequently annealed samples are 
more resistant than those which have not been 
so treated (Bailey, J Inst Metals, 1913, 9, 79) 
Organic acids, particularly when hot and m 
the presence of cbssolvcd chlorides, act upon 
aluminium (Watson Smith, J. Soc Chem Ind 
1904, 23, 476), whilst boiling with dilute sodium 
carbonate solution causes the formation of 
soluble sodium alummate, from which the 
hydrated oxide of aluminium is precipitated on 
passage of carbon dioxide Both puie and 
crude alcohol attack aluminium fairly leadily, 
and are rendered turbid thereby (Karpinski, 
Z Spiritus-mdustne, 1912, 36, 660) Hydiogen 
peroxide in dilute solution readily effects the 
oxidation of the metal (Droste, Chem Zcit 
1913, 37, 1317), as do also dilute solutions of 
ammonia, sodium hydroxide, and sodium 
carbonate respectively, in the cold (Hale and 
Poster, J Soc Chem Tnd 1916, 34, 464) 

Copper and its alloys — Copper tarnishes upon 
exposure to moist air at ordinary temperatures, 
and the skin of oxide thus formed tends to 
protect the underlying metal from attack 
Water alone does not appreciably affect copper, 
and the employment of this metal for kettles 
for boiling water for culinary purposes is quite 
safe Copper differs from iron in that it does 
not decompose steam, even at red heat Indeed, 
cupric oxide heated in steam is reduced to 
cuprous oxide. Nitnc acid readily attacks 
copper, and the metal oxidises in contact with 
alkaline solutions. Dilute hydrochloric acid 
attacks copper in the cold more seriously than 
nitric or sulphuric acid under similar conditions 
(Hale and Foster). When embedded in damp 
concrete copper remains in excellent condition 
VoL. TI.— T. 


(Games, J. Ind. Eng Chem 1913, 6, 7()6) 
Sulphur tarnishes copper, and organic acids 
gradually convert it into basic salts {see Verdi- 
gris, &c ). Solutions of cdectrolytea such as 
sea- water, &c , also attack the metal. [See 
report of Corrosion (^ommitteo J. Inst. Metals, 
1919, 21, 87 j 

The corrosion of an alloy is usually a more 
complicated piocess than that of a single homo- 
geneous element, since the different constituents 
in an alloy do not behave alike towards corroding 
media. Owing to the corrodibility of non and 
steel various alloys of copper are used com- 
mercially on a large scale for special purjioses, 
as, for example, in the manufacture of condenser 
tubes, millions of whudi arc in use at any moment 
by the Admiralty. Consequently a study of the 
conditions under which corrosion takes place 
assumes a position of coriespondmg impoitance. 
Dining the last few years increased attention 
has been given to this subject, notably by the 
Institute of Metals, and for full details of 
the woik earned out under their auspices, the 
reader is refcircd to Bengough’s Reports to 
the Corrosion Committee, as published in 
the Journal of the Institute 

Much so-called corrosion of metal-work 
really consists of mechanical abrasion For 
example, furnace gases carrying with them fine 
pai tides of solid mateiial on passing through 
metal tubes tends to wear them away 3’his 
action is accentuated by the presence of chlorides 
or sulphur comjiounds, since these yield with 
the metal compounds less haul m character, 
and which are in consequence more easily 
abraded, or they may even give rise to volatile 
salts which readily disappcai as vapour. This is 
a common source of trouble with copper and its 
alloys 

Biass IS an alloy of copjicr and zinc, and the 
resistance offiued by it to solutions of electrolytes 
has been studied by many investigators. The 
action of chlorides in particular has received 
attention, notably by Dcsch and White (J Inst. 
Metals, 1913, 10, 306, 1914, 11, 235 ; { Desch, 
J Soc Chem Tnd 1916, 34, 258), whoso'results 
may bo briefly summarised as follows : ! Corro- 
sion of brass takes place mainly by dezincifi ca- 
tion, for although both copper and zinc are 
removed in solution, the proportion of the latter 
meCal in solution and in the flocculent precipitate 
IS much higher than in the alloy Consequently 
a layer of metal is left, in which the percentage 
of zinc IS much less than m the original alloy, 
and which has an open, spongy texture that 
readily yields to oxidation under the influence 
of air or dissolved oxygen This explains the 
presenee of the layer of cuprous oxide frequently 
observed on the corroded surface of brass tubes, 
and which is thus probably not of direct, but of 
secondary origin. The removal of zinc grains 
proceeds at first along the boundaries of crystal 
grains, and in such brasses as exhibit twinning 
(a-brasses) along the dividing planes between 
twin crystals. 

The presence of iron in solid solution in 
brass accelerate.s the corrosion, but small 
quantities of lead up to I p c apparently do 
no serious harm (Bruhl, J. Inst Metals, 1911, 
6, 302) With 2 p c lead a protective layer of 
basic salts is formed, which tends to retard 
further action (Dcsch). 

2 c 
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An interesting example of corrosion is j 
allordcd by a condenser tube taken fiom a 
vassel on the Manchester Ship Canal, and 
described by Oesch The composition of the 
original metal was (^u, 72 72 , Zn, 27 04 , Fe, 

0 15, and Fb, 0 09 Along the bottom of the 
tube the metal had been almost completely 
de/mcified, and a transveme section showed that 
pra( tit ally only spongy copper remained At a 
some what highei level the spongy copper 
oxtend(‘d only partly through the metal, but 
the boundary between the copper and unaltered 
brass was jierfectly clear 

Tin, tvs is well known, greatly enhances the 
resistance of biass to attack by sc'a-watei, and 
ioi this reason bion/es are m considerable 
dcunand for marine work The standard 
Admiralty alloy for condenser tubes contains 
(M, 70 , Zn, 29 , Sn, 1 0 The piotectivc 
influence of the tin appears to be largely 
mechanical, in that it forms in ncutial ojf faintly 
alkaline solutions of elec tiolytes a tough 
adheremt layer of basic salt, which can only be 
detached with difficulty 

The behaviour of bronzes towards acid 
solutions has been studied by Giolitti and 
Ceccarelli (Cazz chim ital 1909, 39, ii. 557), 
who hnd that their susceptibility to acid attack 
IS intimately associatecl with microscopical 
appearance 

When embedded m damp concrete (Games, 
J. Ind Eng (.'hem 1913, 5, 766) both monel 
metal and manganese bionze appear to resist 
coriosion exceeclingly well Addition of jihos- 
phorus to bronzes inci ease's their resistance to 
corrosion, and phosphor bron/e^i, which contain 
up to 1 75 p c of phosphoius, have proved 
very valuable in marine work 

Alloys of copper and aluminium, such as 
those containing up to 10 p.c. of the lattei 
metal, have also proved very resistant to sea- 
water and dilute alkalies, a piojx'rty that is 
further enhanced by the addition of nickel 
(Road and G reave, J Inst Metals, 1914, 11, 
169), although, cunously enough, the nickel, if 
it has any action at all, tends to increase the 
crirrodibility of the alloys in taji water, chlute 
mineral acids, and vinegar 

Lead —{ 1 ) Pure Leacl The corrosion of lead 
of exceptional jiuiity has been investigated by 
Lambert and CMIIls (Tians Ghem 8oc 1915, 
107, 210) The metal, having been picparecl 
in a high state of puiity by the method of 
Stas (Bull Acad roy Belg 1860, 10, 295), was 
finally distilled in vncu6 in Cjuartz tubes at a 
temperature appioximatmg to 1200° C Its 
behaviour towarcis air, water, and a mixture of 
oxygen and water was then investigated It was 
observed that, if the metal was exposed to air 
only a short time after distillation, its surface 
was quickly tarmshed in the cold, indicative 
of slight superficial oxidation If the metal, 
however, was kept %n vaend for several montlfS, 
subsequent exposure to air did not cause any 
appreciable decrease of lustre for several days 
Other samples of freshly distilled lead 
underwent rapid corrosion upon exposure to 
pure water and oxygen. In tne case of totally 
submerged specimens, white crystals of lead 
hydroxide were formed, together with a brown 
deposit, piobably consisting of hydrated plum- 
bous oxide Pb 20 , 2 H 90 . When the metal was 


only partially immersed in the water a bnght 
yellow oxide was formed within half an hour of 
the admission of oxygen The colour gradually 
turned to a dull red, the change requiring many 
montlis for completion, being accelerated by 
exposure to sunlight. 

A sample of lead kept in contact with water 
foi 12 months in vacn6 presented an undiminished 
lustre, and no evidence was obtained in other 
experiments indicative of the slightest solubility 
of tlio metal under such conditions Admission 
of pure oxvgen led to no visible coirosion or 
tainishing for moie than a week, and even aftei 
six months oxidation had proceeded to such a 
slight extent that the layer of oxide was suffi- 
ciently attenuated to (hs])lay interference 
coloum 

From the foregoing it is evident that jmre, 
distilled lead behave^} somewliat chffcrcntly 
towards air or aerated watei, accoichng to its 
‘ age,’ the specimens that have been most 
recently distilled proving more susceptible to 
coirosion tlian those that have had time to age, 
although the actual mechanism of the corrosion 
appears to be the same in cither case Most 
piobably this is due to a diffeicnce in the physical 
chewacter of the metal, and it is m accordance 
with the bchavioui of other substances to 
suppose that the most unstable foim or forms 
will predominate m the freshly distilled metal, 
thus giving it a heteiogeneous character which 
gradually settles down to a homogeneous con- 
chtion of maximum stability 

^2) Comnieicial Lead Although commeicial 
Icacl IS a lemaikably jiure metal foi technical 
and tiacle purposes, it cannot be compared 
with the distilled product of Lam belt and 
Gulhs It IS important, therefoie, to study its 
behaviour towards such corroding agents as are 
commonly met with in prac tice This is paiticu- 
larly necessaiy, since the subject is intimately 
associated with the national health owing to the 
extensive employment of leaden pipes for the con- 
veyance of potable watem to private dwellings 

The results obtained by eaily mvestigatom 
aie somewhat conflicting in many of their 
details {see >Summary by Heap, J 8oc (3iem 
Ind 1913, 32, 771, 811, 847), but the following 
facts may be regarded as well established 
Although Lambert found that pure water 
exerts no appreciable solvent action upon pure 
distilled lead in finite time, it is generally agreed 
that distilled water, fiecd from air by boiling, 
readily drssolvcs commeicial lead, and even 
refined lead Glowcs (Proe Ghem Soc 1902, 
18, 46) found tnat a sample of veiy pure lead 
dissolved to the extent of 0 3 gram per million 
parts of water, and according to Tiaubc- 
Mengarmi and Scala (Mem R Accad Lincei, 
1911, 8, 576), the dissolved metal ls suspended 
in the water m colloidal form Admission of 
oxygen converts the colloidal metal into colloidal 
hydrated oxide, the particles of which slowly 
aggregate to give a crystalline deposit, the liquid 
becoming turbid Oxygenated waters are thus 
very corrosive towards lead 

The question now arises as to the influence 
exerted by atmospheric carbon dioxide upon the 
foregomg reactions Water containmg dissolved 
carbon dioxide has but little action upon lead 
in the absence of oxygen, and the presence of 
carbon dioxide in oxygenated waters reduces 



CORROSION OF METALS. 


387 


their corro«?ive action by effecting the prccipita 
tion of an insoluLle carbonate of lead which 
protects the metal from further attack. Tlius, 
lor example, Graham (J Soc C'hem Jnd 1851, 
4, 400) found that pyiophono lead, whu*h is 
simply the metal in a state of exceedingly line 
subdivision, rapidly renders aeiatcd waters 
poisonous if carbon dioxide is not present, in 
consequence of the formation and solution of 
lead hydroxide, which is soluble to the extent 
of 1 part of PbO in 10,000 parts of water 
(Pleissner, ('hem Zentr 1907, 11, 1055) The 
presence of 3 p.c of carbon dioxide, however, 
prevents the water fioni becoming poisonous 
owing to the foirnation of lelatively insoluble 
lead carbonate, 1 pait of v Inch requiies 4 million 
parts of water to ellect its complete solution 
Lead is readily attacked by dilute nitric acid 
in tlie cold, much less rapidly by h;y drochloric 
acid, and still less by siilphuiic acid under like 
conditions (Hale and Foster, J Soc Chem 
Tnd 1915, 34, 464). 

Yorke, in 1834, had already observed that 
dissolved salts exert an impoitant influence 
upon the solubility of lead m waters Of tlm^ic 
the most powerful inhibitors are phosphates, 
such as those of the alkali metals, small quan- 
tities of which almost entiiely prevent the solu- 
tion of lead This is due to the formation of a 
protective layer of lead phosphate which dis- 
solves in water to the extent of only 1 part in 
7 million parts of water Carbonates and bi- 
caibonates aic also very effective, and it has 
proved a useful procedure to pass ceitain 
rnooiland waters through beds of chalk or 
limestone to reduce their coirosivity. 'I’liis 
does not, m all eases, entirely prevent the solu- 
tion of le.id, since a mere trace of carbonate is 
not sufhcient for the purpose, 4 parts of CaCOg 
or MgCOg irer 100,000 of water bemg required 
as a minimum Nevci thelovss, the jiroceduro is 
highlv benehcial (Thresh, Ihc Exammation of 
W.i-ters and Water Supplies, Churchill, 1913 ; 
Liver^eego and Knapp, Biitish Association, 
Birmingham, Section B, 1913). Birmingham 
water, which comes chielly from Wales, is 
treated at its souice with powdered chalk for 
the same purpose. 

The foregoing offers an explanation of the 
fact that water's which are temporal ily hard 
do not attack lead , in other words, the lead 
does not pass into solution continuously, since 
a coat of insoluble carbonate is foimed on its 
suiface Peimanently hard waters, on the 
other hand, frequently attack lead rather 
vigorously Sodium silicate diminishes the 
corrosivity of water. Dissolved nitrates, par- 
ticularly ammonium nitrate, attack lead vigor- 
ously ; but sulphates, chlorides, and acetates, as 
a rule, much less so Calcium oxide and 
alkalis generally have a marked action , and 
damp cbncieto may produce serious corrosion 
(Games, J. Ind Eng. Chem 1913, 5, 766). Pure 
ram water and melted snow resemble distilled 
water m their activity, but ram waters collected 
m localities where macadam roads are m common 
use are laden with calcareous dust, which reduces 
their activity (Heap). Hence the first ram 
water from such a district, after a spell of tine 
weather, may have a comparatively slight action 
on lead, whilst that which falls after the air has 
been waished may be expected to act more 


vigorously. On the other hand, ram water 
collected m the neighbourhood of manufacturing 
cities, is charged with nitrates, haloid salts, and 
sulphur compounds resultmg fiom the com- 
bustion of coal, and may oi may not be very 
corrosive according to circumstances 

The influence of oiganic matter upon the 
solubility of lead m water is obscure It is 
geneially believed that waters derived fiom 
moorland and peaty souices are paiticularly 
corrosive, and this is usually attributed to the 
piescncc of peat acids or of carbon dioxide 
(Thiesh) Expel iinents earned out by Heap, 
on the otlicr hand, suggest that such wateis, 
though vaiiable m activity, aio considerably 
less active than pure ram or distilled water. 
Indeed, both distilled and ram water exhibited 
m his tests less action on lead after contact 
with p(‘at, even although then acidity was in 
some cases increased thereby V\'ater contain- 
ing ccilain foims of organic mattei yield, 
aftei prolonged contact with k'acl, a floeculent 
precipitate containing the metal and oiganic 
mateiial This tends to deposit on the lead 
surface and to foim a loosely attached protective 
layer (Heap) 

Rise m temperature m general inci eases the 
solubility of lead m water 

When sheet lead is immerped m a slightly 
acid solution of lead nitrate or acetate it gradually 
disintegrates, becoming loose m stiuctuie, and 
ultimately is converted into a spongy ciystalhne 
mass, owing to the metal having dissolved and 
separated out again {see Heller, Zcitseh jihysikal 
Chem 1915, 89, 761 , CYhen and II elder mann, 
ibid 733, Gieighton, J Amor Chem Soe 
1915, 37, 2064) This phenomenon is chaiardei- 
istic both of the jiuicst assay foil and of commer- 
cial lead (Dcsch), and possibly indicates tho 
existence of stable aiul metastable allotropcs 
(Cohen), the latter of which dissolves and 
rcciystnllises as the foimei Such a hypothesLS 
IS, at any rate, m liaimony with the observa- 
tions of Lambert, to winch lefeience has already 
been made. 

Lead antiques m museums frequently undergo 
a gradual disintegiation, being converted into a 
white powdei consisting c^ssent tally of lead 
carbonate. Jn such cases chlorides arc always 
present m the powder (Matignen, Compt lend 
1912, 154,1619) Leacl that has been immersed 
in sea-watei and diied so that crystals of salt 
remain aitacliod to the metal undergoes pro- 
gressive destiuction, for whi( h the following 
cycle of reactions is suggested 

2NaCl+rb+0-bC0, Na.CO,d-Pl>Cl^ 

^ PbC 03 + 2 NaCl 

The sodium chloride thus acts as a catalyser, 
and IS able to cflcct, m the presence of air" and 
carbon dioxide, tho disintegiation of mdctimto 
quantities of lead 

Tin — Metallic tm remains bright and 
untarnished for long pciiods, both m dry and 
m moist air, at ordinary tempciaturos In a 
piece of tm fiom an aboriginal cemetery m 
Florida, Keller (J Amer Chem Soc 1917, 39, 
2354) noticed a number of cavities lined with 
small shining crystals, both m tho form of thin 
plates and acicular m shape. These consisted 
of basic chloride SnCl 2 SnO Water is piacti- 
cally without action upon tm both in the absence 
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of, and in the presence of, air Tin is also very 
resistant to the action of dilute sulphunc and 
vegetable acids, and is thus exceedingly useful 
for protecting iron or steel from coirosion in 
the manufacture of articles requiied for culinary 
purposes Caustic soda attacks it, but sodium 
carbonate, and particulaily ammonia, are much 
less corrosive (Hale and Fostei) When alloyed 
with cojjpcr or its alloys it greatly enhances 
their resistance to corrosion (^rc Bronze, above), 
and it exerts a powerful protective influence 
in other alloys, such a^s type metal (Meyer and 
Schuster, Zeitseh angew Chem 1914, 27, 12) 
Zinc , — Ordinary commercial zinc readily 
oxidises in air, anrl is rajudly attacked by acids 
Minute quantities of arsenic, antimony, copper, 
and tin, partieul.irly the first two elements, 
aceeleiato the corrosion of the metal 

Zinc IS largely used in the manufacture of 
ggdvanisod iron, and waters passing through 
galvanised non pipes or stored in galvanised 
non tanks usually give a reaction for zinc As 
a rule, however, this is not in sufhcient quantities 
to be toxic 

Boiling water attacks zinc (Watson Smith, 
J Soc Chem Ind 1904, 23, 475), the hydrated 
oxide of the metal separating out It is attacked 
by boiling solutions of sodium chloride, as also 
by hot dilute solutions of alkalis, such as 
sothum carbonate, zinc hydroxide being pro- 
duced The hydroxide docs not form a pro- 
tective layer in these cases, but, being readily 
detached "from the metal, exposes fresh surfaces 
to attack. 1 )ilute solutions of sodium hydroxide 
or ammonia corrode zinc in the cold, but sodium 
carbonate acts less vigorously (Halo and Foster 
See also Kcjioit of Corrosion Committee J Inst 
Metals 1919, 21, 59) J N F 

CORROSION, PROTECTION OF METALS 
FROM. Of tlie metals in common use iron (in- 
cluding steel) is not only the most coiiodible, but 
because of its extensive and varied applieations 
under widely diverse conditions, its protection 
from corrosion constitutes by far the most 
important case for consideration With the 
other eommon structural metals and then 
alloys eoirosion has in some special cases to be 
provided against, as in the corrosion of cemdemser 
tubes, but, m geneial, coppi'r, tin, lead, and j 
zinc seldom need this attention 

In order to protect the surfaces of iron and 
steel structures methods based on several 
distinct principles arc employed 

1 Exclusion of the agents causing corrosion • 
air, moisture, or water in the case of submerged 
structures 

This may be accomplished by . — 

(а) Coating with an impervious oil film, or 
asphalt, pitch, dte 

(б) The use of paints, vaimshes, &c 

(c) Coating with another metal not Ccosily 
attacked by the corrosive agents 

2 By forming a non-corrodible skin con- 
sisting of some compound of the metal on its 
surface, such as the magnetic oxide (Bower- 
Barff process), phosphide, or nitride 

3 By the use of a substance which greatly 
reduces (‘inhibits ’) corrosion. 

4. Placing the iron m an electro -negative 
condition to another metal, so that the former 
is protected at the expense of the latter, or 
making the surface to be protected the cathode 


r (negative) and furnishing a continuous current 
I from an external source 

I It will be seen that there is a wide choice 
i of methods, but practical considerations limit 
T their application In the case of large structures, 
i ships, bridges, tanks, &c , the large surface, 
i the fixed character of such structures, and the 
I noccnssity for renewal of the protecting coat, 
1 determine the use of some form of paint or 
, vainish paint Deposition of another metal is 
) applicable to a variety of conditions of use, 

I ranging from the ordinary galvanising for tanks, 
roofing, &c , to electro-deposition of nickel, as 
^ in the case of bicycle parts For small articles 
generally, processes of inhibiting, oiling, and 
, foi mation of a surface compound ai e .ilternativcs 
, Before any system of protection can be 
piopeily applied it is essential that the metal 
■ .surface shall bo pioperly cleaned from diit, 

L mmiual oil, iiist (the ordinary feme oxide 
i Fe^Oj), and mill scale (the black magnetic 
1 oxide FcgO^) Plates fiom the i oiling mills 
1 generally show patches of this oxide Although 
it IS an excellent protection against rusting 
when thinly and evenly covering the metal, 
patches of mill scale may set up active corrosion 
locally by galvanic action Further, patches of 
scale are generally coveied with fine cracks 
througli whuh coriosivo agents may pass, and 
the patch may scale off, cariying any jirotcctivc 
composition with it, so that it is e.ssential that 
all scale shall be removed before coating 

Rust and s( ale may be lemoved by mechani- 
cal means, scraping, wiio blushing, and sand 
blasting, the latter being very efficient Com- 
monly they are removed by pickling the plates 
in sulphuric acid, 25 pc in this acid red rust 
ch.ssolves, and mill scale is thrown off by pene- 
tration of the acid, hydrogen being generated 
and forcing the scale from the plate. Arsenic 
in the aoid is regaided by many as injurious 
The plates shoiikl then be washed with water 
jets under fair pressure (if the jilates are im- 
mersed in still waller a ‘gummy’ film forms), 
and then steeped in hot milk of lime to neutralise 
any acid remaining 

Temporary protection from rusting is com- 
monly done by smearing small articles with 
j vaseline or heavy oil Several processes of 
similar nature, but giving more lasting protec- 
tion, have been patented, the principle of whieli 
IS unmet Sion of the metal at temperatures up 
to a red heat in vaiious oils, and withdrawing 
while still hot, also spraying of metal hot from 
the rolls with oil A layer of slaked lime pasted 
on IS said to be more efficient than smearing 
with oil, and one patent has been granted for a 
paste of slaked lime made with a volatile solvent, 
like naphtha 

Asphaltic and coal-tar pitch compositions 
have great value as preservatives of iron and 
steel For many purposes the black colour is 
prohibitive, but for buried pipes, &c , no better 
preservative can be employed. In 1848 Dr 
Angus Smith took out his well-known patent 
covering the use of pitch The pipes were 
preferably first heated, dipped in linseed oil, 
then heated to 300° F , and dipped m hot pitch 
at the same temperature. He also mentions 
the use of linseed oil as an addition to the pitch 
to keep it of the right consistency, and give a 
tough elastic coating. 
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Undoubtedly the finest material for this 
method of protection is natural asphaltum or 
bitumen, to which enough heavy mineral oil 
has been added to give a tough and elastic 
film Pitch from petroleum (‘maltha’) has 
much the same characters. The Sabin pioccss 
consists in dipping in a hot coating mixtuie like 
the above, draining, and then heating for two 
hours in a vertical oven at 400° F Steel water 
mams up to 5 feet diameter, and in sections 
weighing 5 tons, have been treated by this 
process in America, and the United States Navy 
adopted the process for copper fiie mams and 
flush mams, which are rapidly aited upon by 
salt water It has also been employed for the 
small steel tubing for electric conduits which 
require an elastic and tough coating. 

Heavy coal tar is commonly employed for 
hot dipping of cast-iron pipes In practice the 
process amounts to distillation of the moio 
volatile portions of the tar from the hot pipe, 
leaving a pitch coating, so that success is largely 
dependent on the collect dipping temperature 
The soft pitch obtainable fioni tar pioduced m 
the low temperature distillation of coal will 
undoubtedly prove one of the best commeicial 
products in this country Tar acids and am- 
monia compounds aie both undesirable con- 
stituents of tar for this puipose, as both tend to 
mciease corrosion 

The anti-corrosive or protective paints aie 
widely applicable They may be classihed as — 

1. Linseed oil paints, (oiitainiiig some duel, 
and usually also a proportion of vainish 

2 True varnish paints (enamels) consisting 
mainly of resins <i,nd oil 

3. Varnishes made fiom a natuial rc‘Sin with 
a volatile solvent Each of the above will 
cany pigment, of which a large piopoition is 
usually iron oxide (Fe^O^) 

4 Asphalts, or coal-tar pitch, with a ceitam 
amount of boiled linseed oil, dissolved in a vola- 
tile solvent, suc-h as coal-tar naphtha oi petroleum 
naphtha 

In general, whilst the linseed oil pamts aio 
cheaper and easy to apply, tliey aie not so 
satisfactoiy as the varnish pamts, m which the 
natuial gum or resin leduces the porosity of the 
film This has been particularly noticed m the 
case of coatings for plates submeiged m water 
Also the more clastic the kind of varnish the 
better the result Class 3 constitutes an 
important class of piotective compositions 
specially suited to ship use, where the slow 
drying ordinaiy typo of vainish can seldom be 
employed owing to lack of time for drying 
The volatile spirit rapidly evaporates, leaving 
the resm and oil binding the pigment 

Cushman and others, from the results on 
steel plates in water carrying vanous pmments 
in suspension, obtained a classification of these 
ingredients of pamts into ‘inhibitors,’ ‘m- 
determinatos,’ and ‘stimulatois ’ (Proc. Amer. 
Soo. for Testing Materials, Vols III to VITL, 
1903- H08.) The result is, m part, dependent 
on the purity of the pigment, but, broadly, zinc 
pigments, chrome gieen, Hutch process white 
lead, and some Prussian blues fall in the ‘in- 
hibitor ’ class ; lamp black, other carbon blac*ks, 
precipitated barium sulphate {hlancfixe), ochre 
and bright red oxide, and some Prussian blues 
are ‘stimulators.* Such a classification would 


appear to have little value if the pigment particles 
are thoroughly ‘ seaied ’ in the paint medium, 
but if through porosity, or absoiption of water, 
electrical contact hetween the pigment pai tides 
and the non is established, the activity of the 
pigments is probably of the oidei given, the 
results certamly suggest an ad^antage of a fiid 
coating with one of the inhibitor class 

The most perfect piotection with pamts is 
afforded by enamels (vaniLsh paints or ‘ japans ’) 
which have been stoved on to the metal , a 
good example ls seen m cycle frames, &c. The 
stovmg treatment causes the lesin and oil to 
flow into a perfect him, fiee fiom porosity, and 
to set with a fine hard surface The one objec- 
tion IS the liability to chip with a blow For 
under-water woik stoved metal is said to show 
little advantage, and Sabin states that unbaked 
vainish pamts aie better 

Coating with another metal less liable to 
corrosion includes /me galvanising and tin 
plating, both of which aie earned out by hot 
dipping the thoroughly cleaned plate m the 
molten metal Foi moie special woik electro- 
deposition of copper oi nickel (usually on a 
last c‘oatmg of cojijiei), and of oUht metals 
IS occasionally cmjiloyed Electro-dc'position 
of zinc IS also largely employed foi ceitam c busses 
of woik, such as fiames, c'lc , foi ships 

These deposits afford a fan piotection, but 
even with tlie best class of mckel plating, as 
applied to cycl(‘ paits, i listing undcu wet condi- 
tions IS found to occui Should the metal pio- 
tecting film become bioken, so exposing the 
non beneath, in most cases this exposuK^ leads 
to moie lapid lustiiig, as the non is electro- 
positive to the piotecting metal, and galvanic 
action at its expense is set up Zinc coatings 
aie, however, fiec fiom this defect, and as long 
as a good suifaci' of zinc is still m contact with 
the iron, it will be the foimer metal which is 
mainly attacked. Tin plate offem a complete 
contiast 111 this i aspect. 

A special process for applying zinc is the 
shei ardismg piocess of Cowpei Eoles The 
cleaned ai tides aie packed m metal vessels with 
zinc dust, a mixture of finely divided zme and 
zinc oxide, and heated for several hours at a 
temperatuie below the meltmg-pomt of zinc 
Tins metal slowly penetiates the iron, and to a 
far greater depth than with hot galvanising ; 
a hard alloy is formed which is practically non- 
coirodible, and is capable of being polished 

Piocesses dependent upon the foimation of 
a piotective skin date from the old Bower- Barft 
process, wheic the heated non was treated with 
steam, so that a film of the black oxide (Fe 304 ) 
was foiined. The good surface of ‘ Russian 
iron ’ is duo to a similar film, and as long as the 
film remains intact, protection ls excellent, 
but rustmg is accelerated once the film is broken 
A more recent process is that of Coslett, m 
which the iron is immersed m a dilute solution 
of phosphoric acid Later the inclusion of a 
subsequent dipping m chromic acid was patented 
by Coslett. Richard and Adams have patented 
a process m winch the article is immemed for 
from 2 to 20 minutes m a solution made by dis- 
solving IJ lbs of manganous carbonate in 
boding phosphoric acid (60 fluid ounces of B P. 
phosphoric acid to 87 fluid ounces of water). 
Another process aims at the production of a 
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film of nitndo of non, Ific article being heated 
in a .suitable gaseous mixture, such as ammonia, 
or treating the highly heated metal in a bath of 
salts which will ^leld gases capable of forming 
the nitiide. 

I^rotcction by ‘ inhibiting ’ tlic corrosive 
action almost iiivaiiably involves dipping m 
dilute chromic acid 

One of the most succe.ssful methods of pre- 
venting coriosion, especially in the case of 
boilers and eondens(‘rs, is that of Talbott (hiinber- 
land The galvanic action leading to coriosion 
IS overcome by insiuting in.sulatcd iron anodes, 
these being connected to the positive pole of a 
small dynamo; eurient always passes fiom the 
anode to the part to bo piotcctod, which foims 
the cathode A ddfeicnce of potential of 
f)-10 volts is usually enijiloyed In the case of 
brass tube condensers I a.m])erc per 500 square 
feet of suifaie is found to ensure complete pro- 
tection Fn the case of boilem it is found that 
the hydiogcn set free at the cathode plates or 
tubes IS very ciToctivc in preventing the foima- 
tion of a hard .scale 

Clorro'iion of Boilofi —A serious form of 
corrosion is to be found m fhe rusting and 
pitting of the plates and tubcvS of high-pre.ssiirc 
boilers Beffuo the adoption of imneial lubii- 
cants, it was .supposed that the dis omposition 
of the lubiicatiug oils by the supciheated slcam 
in the eylmdors caused the coiiosion owing to 
the fatty acids libofated, but the .same effect 
has been found with hydroeaibon oils, so that 
the pitting IS evidently not due to thi.s cau.se 

Thcie arc scvcial causc.s winch lead to the 
coiro.sion found in boilers, amongst whuh are 
ordinary corio.sion, set up by the carbon dioxide 
and oxygen which occur naturally in all watci, 
and which act on the metal when the boilei i.s 
out of use. ^rhis foiiu of coirosion can be 
prevented by filling the boilei quite full with 
boiled water rendered slightly alkaline wifli a 
little lime and closing air- tight whilst at icst 
The most frcijucnt cairso of corrosion in land 
boilers is clissolvcd salts, or fieo acids and 
alkalis m the feed water, which b('(‘ome con- 
centrated solutions by evaporation Acud watem, 
notably those collected in peaty distiicts, aie 
particiilaily injuiiou.s Nitrates and nitiites, 
chloride and nitrate of magnesia arc s«alts most 
liable to cause coiiosion. C^omplete analyses of 
the saline constituents of the water can alone 
detcimino tlio requisite treatment icquiicd to 
prevent corrosive action. Secondly, galvanic 
action, induced by the dilfcrence in potential 
betwcjen the rust formed by ordinaiy coirosion | 
and the iron, and also by metallic impurities 
in the iron and specks of foreign metals deposited 
upon it I’his action can be prevented to a 
great extent bv the use of zinc blocks inside 
the boiler and in metallic connection with the 
iron of the plates, or by the Cumbeiland system 
already described A third cause of corrosion 
IS to bo found m the solvent action of distilled 
water upon the metal of the boiler, the action 
getting less witli increase in the quantity of 
salts m solution in the water The fourth 
cause arLse^s fiom high local temperatures, often 
not far below a dull red heat, and then iron 
decomposes water, forming black magnetic oxide 
of iron and liberating hydrogen . 

4Hj0+3Fe=re304+4H2 


Overheatmg is most likely to be due to deposits 
or mcrustation.s, and in such cases is checked, 
or stopped, by the solo use of condensed water, 
or a properly softened natuial water, for the 
feed J S. S B. 

CORROSION AND FOULING OF STEEL AND 
IRON SHIPS. AND ITS PREVENTION. In the 
days of wooden ships the hull troubles that had 
to he guai ded against were the attat ks of wood- 
boimg .inimals and the loss of siieed due to 
the giowth of weed and shell at and below the 
water line , but with the launch of the first 
sca-going vc.ssel built of iron, in 1822, compara- 
tively simple pioblcms became of gicat com- 
plexity, and at the picsent time the piotcction 
of our Navy and mercantile iriaimc fiom 
corrosion and fouling is a qiu'stion of the greatest 
importance, alTeetmg, as it does, both the life 
and speed of the vessels 

Corrosion. — The tioublcs duo to coriosion 
are by no means limited to the exterior jilates 
of the ship, but also affect the intenoi of the 
structure, boilei*s, and condeiisei’s 

The coiiosion of non and steel is brought 
about by tlic actions which ultimately result m 
the conversion of the metal into oxides, and 
these being accelerated by galvanic actions, 
which it IS almost impossible to eliminate m a 
huge metallic striu tuio like the hull of a modem 
ship in the piesence of sea watc*r, maktxs juevi'n- 
tion far more difficult than m the case of an iron 
building or bridge 

In sea water the pr()ce.ss of coirosion is 
aeeeler.itcd by the salts contained therein, as 
these aid the galvanic action set np m tlie 
metal by various means, such as impurities m 
the iron, the presence of mill scale on tlie plates, 
high tcmpciaturo, or even the diffcient sti esses 
imparted to portions of the same jilate, whilst 
in certain waters, sm h as the mouths of rivers 
on the w(‘st coast of Africa, or in haihouis 
where the water contains mucli sewage, the sul- 
[ihatcs arc di'conqioscd iiy vaiious vegetable and 
animal organisms with evolution of sulphuretted 
hydrogrui, which greatly increases the corrosion 
of the metal 

The examination of the condition of the 
bottom plates of vessels that liave lieen at sea 
foi long peiiods, shows, when the protective 
paints and compositions have been removed, 
that three distinct forms of rusting may bo 
distinguished 

1 Rust patchc‘s, gencially near the edges of 
the plates, consisting of small aicjus of fine rust, 
probably caused by moisture on the plate when 
the piotectivo paint was on These patches 
are never thu k, and cause but little damage to 
the plaUvs if all rust bo removed before a new 
coating of paint is put on. 

2 Rust nodulc'ii aie a more localised foim 
of corrosion which has attacked the metal 

j whole pai tides of mill scale have been loft on 
the surface of the new plate, or where small 
particles of slag or foreign matter have been 
rolled into the plate during manufacture These 
I give slight pitting of the plate, but seldom to a 
I serious extent. 

J 3 Rust cones are an accentuated form 
I of rust nodules, and are duo to the most local 
j form of galvanic action, caused by the presence 
' of a speck of deposited copper, lead, or other 
' foreign metal, or even, a small particle of rust 
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or mill scale left on the surface of the iron, and 
covered by the compositions used as pro- 
tectives and antifoulers. As soon as the sea 
water penetrates these, galvanic action is set 
up, water is decomposed, rust formed, and the 
escaping hydrogen pushes up the composition, 
forming a blister, the liydiogen escapes and ^ 
water leaks m, the action becoming more and j 
more rapid, and the blister gradually filling with 
the product ot the action — rust. 1*he blister 
bursts, but the cone of rust has by this time set 
fairly hard, and continues to glow fiom the base, 
the layers of rust being easily distinguished in a 
well-formed cone, and when the rust cone is 
detached, the pitting of the metal at the base 
of tho cone is, as a rule, found to be of ( onsider- 
ablo depth. 

Certain portions of a ship’s hull are exposed 
to special risk of coirosion from galvanic aetion, 
owing to the bearings of tho sciew shaft and 
valves foi the escape of waste water, bilge, &c , 
being made of alloys containing copper. In 
order to pi event this, 7mc protectors, consisting 
of heavy masses of the metal, are placed round 
all openings where copper or copper alloys are 
piesent, and the zinc, being moie elccti o-positive 
than the iron, places tho non in the electro- 
negative condition, so that whilst tho non 
escapes injury tho zinc lapidly dissolves 'riio 
Cumbciland process {vide supra) has been success- 
fully ('mployed m such cases, insulated non 
anodes being fixed to tho hull close to the part 
to wliK'h it IS necessary to affoid protection 

The geneial proceduie foi piotecting tho 
exterior of tho bottoms of non and steel ships 
from coiiosion is to coat them with so-called 
anti-coiiosive or pioteetwe paints and varnishes 
fn oidci that this should be successful, much 
clcpcuicls Upon the* state of the hull at the time 
at which the protective is put on 

The bottom plates of tho newly built vessel 
are thickly coated, as a rule, with mill scale or 
magnetu* oxide of iron Fe, 04 , which is foi mod 
on the surface ot tiie plate during rolling, and 
which, if it lemains perfectly intact, would be 
an excellent protective, as it forms, iudc‘ecl, the 
basis of tlio Bower-Rarff ptocess foi the protec- 
tion of lion, but during the sliearmg andiivcting 
of tho plates this scale gets biohorioft and exists 
only in patches, which, if left upon the plate, 
would excite lapid local galvanic action, owing 
to the fact that tliLs scale is stiongly electro- 
negativci to tho non, so that it would need only 
tho exciting intlucncc of tho sea water to start 
the action 

In naval vc^ssels, tho plates arc pickled in 
dilute sulphuric acid, as alieady clescnbcd, until 
all the scale is removed. In the mcieantile 
marine it is an ordmary practice to launch a 
vessel without any paint on the hull, leaving tho 
active, but fairly oven, lUsting which ensues to 
remove tho scale, the ship being scrubbed 
down and then protective compositions painted 
on when it is docked 

This method has the advantage of cheapness, 
and also of giving a very slightly roughened 
surface, to which tho protective composition 
adheres firmly, and answers well with tramp 
steamers and other craft whore speed is not an 
object of paramount importance ; but with 
service vessels and liners, slight as the roughening 
is, it undoubtedly has an influence on the speed. 
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The hull of tho vessel, being perfectly fiee 
from mill scale, and as free as it can possibly 
bo got from the ordinary oxide, is then painted 
witli tho protective, but for this to piove elhe- 
tivc, the hull must bo absolutely diy, a condition 
which it 18 excoecbngly difticult to obtain, as 
the big mass of non is gcneially a few degic es 
in temperature below that of the moist urc-ladeii 
air, and under these conditions a tracer of 
moisture condenses on the surface, which is 
spoken of as ‘ siveating ’ of tho metal, and tins 
pi events the projier adhesion of the paint to the 
metallic surface, and also staits rusting under 
the paint 

Oil i)amts are the oldest foim of pi otec fives 
in use, and, when tho pl.ites are pamted when 
hot and dry, amongst the best and most lasting , 
but the diymg of such paints, being dependent 
U})on the slow oxidation of the boiled oil by an 
into a ic^sm, retpiires that a consideiable time 
must oIa[iHc bc'twecm tho painting of the shij) 
and the coating becoming hard enough to allow of 
the anti-foulmg composition being painted on 
over it, and as a lule so short a time is allowed 
foi docking that this is a gieat diawback 

The old paints foi this cUss of woik used to 
consist of red or wliito lead niixc'd with boiled 
linseed oil, but it was shown by M .Jouvin that 
with the perishing of the vehicle tho liMcl com- 
pounds were conveited into ehloiidcs and 
oxyehloridc'S by the sea watc'i, and these* weic 
then ledueed by the aetion of tho iron of the 
hull with formation of crystals of lead, which 
sot up galvanic action and led to lapid corro- 
sion 

iSpiiit varnish proteetiv^s came into use 
when it heeamo necessary to c ut down the time 
expended m docking, and they owe tlicir rapicl 
diying ])()wers to the fact that, instead of 
waiting for oxidation to foim a icsinous mass, 
as in the diying of boiled oil, a lesin is dissolved 
in a highly volatile solvcmt, being mixed with 
boiled linseed oil to give the necossaiy elastieity, 
and when this is jiaiiited on the hull of the 
vessel, the rapid evaporation of the solvent 
leaves the lesin and oxidised oil binding the 
body colour together 

Shellac, rosin, kauri, and many other gums 
and resins are used, wliilst tlie solvents may 
consist of light liydrcveaibons, such as the vaiions 
grades of solvent naphtha, alcohol, and even 
fusel oil, but m tho Navy very low flash-point 
solvents have now been disearded owing to the 
danger in storage 

Tho drawbacks to the last two classes oi 
protectives are that the solvents employed for 
dissolving lesiiLs and gums aie mostly alTeeted 
by watei, with the lesult that if the plates art' 
not dry, the resins arc ajit to be deposited in a 
pulverulent condition, whilst the cold produced 
by tho rapid evaporation of the solvent tcncis 
to increase the amount of nioLsturo deposited, 
which assists in the deterioration of the coating 
Alcohol varnishes have, however, the gr^t 
advantage that they are not so affected by 
moisture on the metal, or deposited moisture, 
since tho spirit will absorb a moderate amount 
of water. 

These varnishes also, even when dry, are not 
impervious to gases and liquids Under a 
microscojie the coating is seen to be full of minute 
pores, throng which the sea water finds its 
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■way to the iron beneath, and, when once corro- 
sion has been started, the protective coating is 
gradually forced away from the surface of the 
iron, exposing more metal to bo acted upon 
The best results are secured by employing 
several coats of the varnish, and applymg it 
only in weather favourable to the operation, 
plenty of time being given for the thorough 
hardening of the material before water comes in 
contact with it 

In most of the vaiious jiaints led oxide of 
iron IS used to give body and colour to the 
mixture, and, as it is the same colour os the rust 
that may form under it, it is very popular with 
the composition manufacturer, and, providing 
it be free from acid and soluble sulphates, is 
unobjectionable , but peihaps a better matcuial 
would be the mixture of finely divided zme and 
zme oxide, such tis is obtained in the Belgian 
process of distilling zinc, as, even after the 
varnish had perished, tlie zme would afford a 
further term of protection. After extensive 
trials the U S Naval Authorities adopted an 
anti-corrosive paint of tlie following cornposi- | 
tion gum shellac, 7 9 lbs , turpentine, 0 0 
gallon, pine oil, 0 () gallon , alcohol, 7} gallons ; 
dry metallic zinc, lbs , white zinc oxide, 
28J U)s. , the above making 10 gallons. 

The protection of the inteiior surface of 
the hold of a ship presemts some special com- 
plexities, as it is exposed to the wear and tear 
of taking m and discharging cargo and one has 
to take into coasideration such sources of j 
trouble as the action of bilge watei, the high 
tornpei ature, and the jirescnce of foreign bodies | 
such as coal-dust and leakages from cargo 
There arc three classes of protec tivcs used for 
the interior portion of a ship 

Cements , 

Bituminous coatings ; 

Paints 

Althougli cement is very largely used, yet 
there are cei tain drawbacks attached to it 
which render it by no means the ideal matenal 
It has a eoitam amount of porosity, so that any 
corrosive liquid penetrates it and acts on the 
iron beneath ; its rigidity causes it to come away 
from the metal on any strain being thiown on 
the latter, variations in temperature having the 
same effect, and where the coating has paited 
from the iron, corrosion will start and remain 
unseen until perhaps too late 

Bituminous coatings applied hot are far 
preferable to cement, but are rather moie 
troublesome to put on 

Fouling of ships and its prevention. The 

question of the fouling of ships’ bottoms is 
one tliat has existed fiom the earliest days, 
and was of oven more importance formerly than 
it is at the present time, owing to the increase 
in dock accommodation allowing the more 
frequent cleaning and painting of the ships ; 
but even now in the ease of war the loss m 
speed during blockading operations, owing to 
the fouling of the vessels, might prove an 
important faetor m a struggle for supremacy 

Fouling consists of various marine growths, 
both animal and vegetable, which attach them- 
selves to the bottom of the vessel, and by 
increasing the skin friction whilst the vessel is 
in motion, seriously reduce its speed 

The nature of these growths needs to be 


studied in properly equipped marine biological 
laboratories, as but little is at present known of 
the life-history of many of the orgamsms which 
are found on a ship’s bottom. The mam factors, 
however, are that it is only during the germ or 
spore pciiod of their existence that they can 
attach themselves to the bottom of the vessel, 
and that although the full-grown results are 
found when the vessel is docked, these growths 
have taken place m situ 

The open ocean and the northern seas are 
comparatively free from these organisms, but 
diieetly inland seas or tropical waters are 
readied they inciease to an enormous extent 
m variety and numbers, and some harbours, 
such as the port of Souiabaya, are noted foi 
the fouling inllucnco of their waters Moreover, 
it IS found that the peiiod of the year exeicise^ 
a veiy important influenee upon the fouling 
natuie of the water, the spring and early summer 
being the chief time for these growths to lind a 
lodgment on the bottom of a vessel. 

The more common growths are sei pulse, 
generally called coralline, barnacles, mussels, 
membran<e, and oysters, usually clac>sified 
together under the name ot ‘ shell,’ wlulst at or 
near tlie water line an* found luxuiiant growths 
of sea gnusH {Entermioi pha compressa and 
Zjostera manna)^ and towards the bottom iibbon 
and other weeds, like the tufted weed or bugula, 
flourish 

Fouling commences with the deposition of 
a slight slime on the side of the vessel, which 
IS apparently of an albuminous natuie, and 
contains the gcims and spoics of vaiious maiine 
growths, and is so sliglit as to escape notice 

The first visible sign of fouling on a ship is 
the appearance of green grass at the watci line, 
and this, in bad Wald’s, will begin to show afkr 
a few weeks, whilst the growth will spread 
downwards from the suiface for 5 oi (> feet, 
but raiely extends below 10 feet, as the giowth 
needs jileiity of liglii «i.nd warmtli. 

It is the most widely distiibiited form of 
fouling, and appears in neaily all waters, and, 
once formed, the grass protects the germs of other 
growths, and so helps on the general fouling. 

In noithern waters fouling seldom goes 
beyond the ‘glass,’ but m warm climates, 
especially if long m port, ‘ shell ’ soon begins to 
appear, unless a really good anti-fouling com- 
position is employed for coating the vessel’s 
bottom. 

Ships trading to or stationed near the mouths 
of rivers often show curious results in the kind 
and extent of the foulmg, the marine growths 
being often killed by the fiesh water, but such 
vessels foul again veiy rapidly when once moie 
going to sea, owing to slight deposits of mud and 
calcium carbonate from the river water. 

With wooden ships the necessity of protec- 
tion against the wood-bormg teiedo worm as well 
as fouling led to the adoption of copper sheath- 
ing, and when the metal used was of a fairly 
pure character, it was found to be thoroughly 
satisfactoiy, and not only to give complete 
protection to the vessel, but also to enable it 
k) remain at sea for a very considerable period. 
The cost, however, was high, and attempts weie 
made to prevent the exce-ssive waste of the 
copper by using zinc protectors, as advocated 
by Sir Humphry Davy, but it was soon found 
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that with the prolongation of the life of the 
copper plates, fouling again became seiious, 
whilst when later rolled sheets of alloys contain- 
ing zinc, such as Muntz metal, were tried, the 
same trouble again appeared, and it has been 
clearly proved that the power a copper plate 
exercises in preventing fouling is inversely 
proportional to its power of lesisting the action 
of the sea water. 

The action of the copper in anti-fouling is 
that, in the first place, the salts in solution in 
the sea water act upon the copper with the 
formation of chlorides and oxychlorides, the 
former poisonous to all foims of maime lif(‘ m 
the germ state, whilst the latter formed a co- 
herent pellicle to which the growths attached 
themselves and which was toin off during the 
passage of the vessel through the water by the 
skin fiiction, thus enabling it to shed any form 
of growth that might have attached itself to 
the plate by a pioeess of sealing 

It was found, however, that if the copper 
wore not of the puit'st, eoiallme growths veiy 
soon attached themselves so firmly thiough the 
surface of the skin of copper compounds that it 
was difficult to remove, and gave points of 
adherence for fiesh vegetable giowths 

With the inti eduction of steel and non 
slops, as was natiiial, attempts weie made to 
utilise the same foim of protection fiom fouling 
which had pioved so satisfactory with w’ooden 
ships, and fiom time to time dining the past 
efforts have been diiected to sheathing non 
ships with copper in the same way It was 
soon found, howevei, that this sheathing set 
up such seveio galvanic action with the hull 
of the vessel as to be impracticable, and although 
these attempts weie abandoned at a very early 
period m the mercantile manne, the naval 
services of several countri(‘s have tiual ifs use 
for service vessels, the geneially adojited method 
being to sheathe the iron hull with wood and to 
attach to this the copper in such a way as to bo 
insulated from the electio-positive iron, but if 
water penetrated the insulation was broken 
down The alternative of saturating diy wood 
with paraffin wax has been suggc'sted 

With mciease in dock accommodation, the 
tendency has been more and more towards the 
use of anti-foulmg paints or compositions, 
which could bo painted on over the protective 
coating of tho vessel, and a number of com- 
positions have been placed on tho market with 
varying success for this purpose 

When anti-fouling paints were first manu- 
factured, the only fact at the service of the maker 
was tho experience wliicli had been gleaned from 
copper sheathing, and on the assumption that 
the action hacl been due to the poisonous 
character of tho chloride and oxychloride of 
copper produced on the plates by the salts in 
the sea water, compositions were made contain- 
ing large quantities of corrosive metallic poisons, 
which, held in a varnish of a more or less lasting 
character, gave the piotection from fouling for 
a few months 

As has already been pointed out, the action 
of the copper sheathing was duo to two causes : 
first, tho poisonous action of the copper salts 
on tho germ life ; and, secondly, the stripping 
of the pellicle by skin friction when any quantity 
of growth had formed on its surface, an action 


termed ‘ exfoliation ’ How important this lattiu 
action was may bo judged from the fact that 
when the vessel remained at ani*hoi in a hai boui , 
tho sheathmg would last from 10 to 12 yeaih, 
whilst when on active service the same Bheatliiiig 
would last for only 4 or 5. 

Finding that poisons alone gave very 
unsatisfactory results, the manufactuiers of 
anti-foulmg compositions began to make pciish- 
ablc varnishes and gicase jiaiiits, which should, 
by tile deteiioration and wasting of their 
siiifaee, imitate as ncaily as possible the ex- 
foliation of the coppi'i sheatlung, and such 
anti-foulcis gave uiidei cei tarn ciicumstances 
mueli moie successful lesults 'J'he idea was 
that the ship, having been coati'd with a pio- 
toctive paint oi composition to pieseive the 
non, a second or more coatings was put on 
over the piotective, consisting of vaimsli jiamts 
winch should slowly yield soluble poisons to the 
s<M water, and in doing so would lead to the 
disintegration of the vainish suif.iee, which, 
being washed off, exposed fresh quantities of 
the poisons to the Avater 

8ueh compositions juoved veiy salisfactoiy 
in tho mcnantilo maiine, and all tho time 
tliat a vessel was a( tively eng.vged m going 
flora poit to port gave (‘\((‘Ucnt lesults, but 
diiectly these same compositions, whicli h.id 
gained a leputation in the mm chant sen vice, 
were tiled on Seiviee vc'ssels, tliey weie founcl 
to be as unsatisfac toiy as those winch befoie 
h.id been in use Tlie icason foi this failuie is 
evident Take the case of a linei t.iadmg 
between New York and England : she is run at 
a high speed between tliese two ports foi the* 
mam portion of liei lifc', ii'inaining m tlie basin 
foi as shoit a peiiod as jiossible in oidei to 
utilise to the full her money-eaiiimg capacity, 
foi such woik it is easy to aiiange an anti- 
foulmg composition, which, with the aid of tho 
skin friction of the vessel, would cause just 
sufficient wasting of tlie coating to give tho 
best lesults. When, however, this is applied 
to a Service vessel, she piobably goos out fiom 
dock into the basin and lemains there stationaiy 
for jieihaps months, and then goes to sea, whtie 
she IS kcqit maufmuring at vaiious rates of 
speed for a consideiable period During tho 
period she is in the basin, tho composition 
undeigoas practically no wasting, and a thm 
film of carbonate of lime and mud dc'posits on 
tho surface, which foims an excellent foothold 
for any geims and spores that may be m the 
watei, and which, on going to sea, liave often 
advanced too far for the growth to be readily 
got lid of 

The bad results so obtained led to a com- 
position being put on which wasted with sulh 
cient rapidity to prevent any such deposition 
111 harbQur, with the result that when the vessel 
went to sea, the deteiioration being accelerated 
to an enormous extent by skin friction, the 
composition was piactieally all exhausted m a 
very short time 

The most efficient anti-foulmg compositions 
all contain copper or mercury as tho poison 
In some cases soluble salts of these metals are 
employed with a fairly strong and lastmg 
vainish ; in others oxides or insoluble salts are 
used with varnishes which perish more rapidly 
on their surfaces and allow the action of the 
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sea water to convert the compounds into 
soluble salts. 

it IS evident that with compositions con- 
taining such metallic compounds every atten- 
tion must be paid to the jirotection of the hull, 
as otheiwiso the foimatu)!! of soluble salts of 
copper .uid meicuiy might lesult in the deposi- 
tion on the iron of these metals by reduction, 
in whicli case lapid galvanic action would be 
sob up, and wouhl leail lo seiious pitting of the 
jilatos of the vessel 

I’he compositions of tlic pioscnt day may be 
divided into two classi's 

1 Crease paints containing a metallic 

poison , 

2 Quick-drymg vainish paints, also tliaiged 

with the same poisonous constituents 
4’he formei ( lass has mid with a consideiable 
degree of success, but they have also siweral 
very serious diawbaiks As ii^gards the pic- 
venfcion of fouling, they give lesults not veiy 
far iiMnovinl fiom tlie b(\st varnish paints, 
and in eoitain waters, siii h as the Medit-erianean, 
have proved thiMiiselv^es to be execllent anti- 
toiileis, bub they undoubtedly ]ncre<ise the skin 
friction of the vessel, and so tend bo diminish 
speed , whilst a second ti ouble is that, although a 
varnish [laint may often be scrubbed and tout bed 
up where fouling lias been but slight, with a 
grease paint the wliole h<is to bo lemoved before 
rocoating, and they are much moio costly than 
the vai’riish paints, with the result bluit m the 
rner chant service they aie used only to a very 
limited extent Anothei drawback to their use 
is that it IS impossible to properly scrape and 
reeoat tin* vessel during the short period of 
docking which would sulheo foi a varuLsh 
paint 

In tlio rnaniifaetuie of vainisli paints it is 
neecssaiy to mix with the. solution of gnm or 
resin m a volatile solvent a sutheient [uopoition 
of linseed oil to give elasticity to the vehicle, 
and these p.iints have been in use m Knglaiid 
since about 1870, the gieatcsb advance in them 
being duo to the intiodui turn of the hob piocess 
in tlieir manufcictuie, which enables a moic 
intimate mixtnro to be made with gi eater 
adhesive power and a smoother suifaee 

The rate at which disintegiation of these 
paints takc^i place is govcTiied laigely by the 
kind of gum used m the vainush, .iiicl by the 
amount of mineial rnattci introduced as colour- 
ing and pOLsoiious material, the solubility of 
those having a coiisideiablo inllucnee on the 
rate of disintegration 

With a tough and tenacious vehicle, which by 
itself would undergo but little disintegiation 
under the action of sea water, it is quite possible 
to use soluble mercury or copper salts, which .arc 
libeiated only very slowly dunng the gradual 
destruction of the varnish On the othpr hand, 
if a rosin varnish be employed, insoluble bodies, 
like the oxidccs of copper and mercury, the sub- 
chlonde of mercury, or Scheele’s green (copper 
arsemte), may be used, the oxides ancl other 
salts, when exposed to the sea water, being very 
slowly converted into soluble chlorides. 

Many compositions contain arsenio and 
arsenic compounds, such as sodium arsemte, as 
thc'so had been found effective as weed killers 
under ordinary conditions, and it was expected 
that m a composition they would prevent the 


growth of grass at the water Ime, which, as it 
caught the eye, gave the impression of the 
ship being very foul Experience showed, 
however, that the arsenic had but little effect, 
and mcicury and copper still remain jire-emi- 
nently the metallic poisons of the greatest 
value in anti-fouleis. H Williams, Naval 
Constructor, U S. Navy, has given the following 
composition foi a paint adopted with great 
success for naval vessels giain alcohol, 6 
gallons, glim shellac, 13 1 lbs , tui pontine, 

1 gallon , pine-tar oil, 1 gallon , white zinc 
oxide, 13| lbs , Indian red, 13:[ lbs. ; red oxide 
of mercury, 4^ lbs It was found that the cost 
of this paint was only ono-thud of the puce 
chaigod for the proprietary paints 

In some anti-foiilmg varmsli paints the 
poisonous metals themselves have been earned 
in <i very tine state of division, .‘>01110 paints 
containing vciy finely divided copper, piecipi- 
tatod fiom the solution of a copper salt by non 
or zinc , whilst othcis contain metallic mercury 
in a coniinmuted condition, obtained by adding 
stannous c blonde to the solution of a mercuious 
salt , th(‘se paints, howevei , show but little 
advantage over those containing salts of the 
metals. ^ 

One of the most difficult poitions of the ship 
to deal witli is wJiat is known as the ‘ boot top,’ 
tliat IS, the poition between the heavy and 
light load lin(\ as when a ship is discliargmg 
caigo the anti-fouling composition ovei this 
portion is expinod to the sun and rapidly perishes 
and peels olf, whilst when tlu' ship is again 
loaded, it is once more immersed, and the 
alternate action of sunshine and <iir and sea 
watei perishes the paint at the vciy s])ot where 
it IS most likely to bo abraded by contact with 
lighters and barges, the result being tJiat it is 
often necessary to touch up this poition of the 
vessel with paint duiing the voyage, and as good 
aiiti-fouUng paints aie rarely earned for this 
puipose, tins poition of the ship is often painted 
with oidmaiy jiaint, ancl hence is liable to more 
damage than othci paits of the vessel 

V B L. 

CORROSIVE SUBLIMATE {Me fcunc chlonde) 
r Mercuicv 

CORUBIN V Abrasives 
CORUNDUM. {(Jot melon, Fr , Kotund, (ler , 
from the Nairskrit name korimd ) Ciystallised 
alumina (Al^O,) The crystals belong to the 
ihombohedial system, and are isomoiphoiis 
with h.ematite ( Fe^O,) They vary considerably 
in habit, having the form ot hexagonal prisms, 
pyianuds, or tables In some ciystals the 
eornbination of six faces of the piimaiy rhonibo 
hedron with two facexs of the basal plane pio 
duces a form strikingly similar to the regular 
oetahedrejn There is no tiuo cleavage, but 
often the crystals and crystalline masses show 
a pseudo-cleavage or parting parallel to the 
basal plane or to one or more faces of the primary 
ihomboiiedron, due to lamellar twmnmg on 
these planes On these surfaces the lustio is 
sometimes peaily, but otherwise it is usually 
vitreoiLS, or inclining to adamantine in character 
The fracture is uneven to conchoidal ; and the 
sharp jagged edges of the irregular grains give 
effect to the cutting power of the material when 
used as an abrading agent. Analyses show the 
presence of 95-99 p.c. of alumina, with small 
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amoutics of ferric oxide, magnesia, silica, 
water, &c , and sometimes traces of chromium. 
Sp.gr. 3 9-4 1. The crystals are optically 
umaxial and negative , refractive indices for 
sodium light cc = l 7990, € = 1 7598. The di- 
chroi.sm is marked Next to diamond, it is the 
hardest of minerals, being plac*ed as No 9 in 
the scale of hai dncsa , on this account it was 
forincily known as adamantine spar 

A distinction is made between the tianspaicnt 
‘ precious corundum ’ and ttie dull, opaque 
‘common coiundum,’ while a thud .still less 
pure vaiiety is known as emery (qv) This 
division also eoriesponds with the economic 
uses of the mineral, ‘ piecious coiundum ’ 
being used foi gem stones, and ‘ common 
coiundum ’ and emciy for abrasive purposes 
The pure, wcll-eiystalhsed mateiial is peifeetly 
colouiless and tianspaieiit with a high degree 
of brilliant y Tiates of inorganic imjiuiities, 
however, produce a wide lange of colours, 
which are more vivid in the stones •of gem- 
quality, namely led (luby), oiange and yellow 
(‘oriental topaz’), green (‘oriental emeiald ’), 
blue and indigo (sapphiic), and \iolet (‘ oriental 
amethyst’) Paiti-i oloured stones aie not 
uncommon The coloui of common coiundum 
IS usually groy oi brown 

(yorunduin is not a widely distiibuted mineral, 
but it is found m abundance at ceitain localities 
It occuis in Igneous and metamorphie rocks, 
such as gianitc, syenite, gneiss, pciidotitc, and 
serpentine, and in ( i ystalline limestones 
Material of gem-ipiality is usually collected as 
watoi-woin pebbles in gravels deiived fiom 
these rocks. Material for goiii -stones and for 
abrasive pui poses is not, as a lule, mined in 
tliG same localities Taking lust the localities 
for the gem-vaiieties, the following may be 
noted as a few of the most im})f>itant The best 
rubles aie obtained fiom the famous mines 
near Mogok in Upper Ihiriiia, wlieic they occui 
m a white ciystallino iiiaibJo neai its contact 
with gneiss , they aie mined m ibis lock and 
.also m its plod acts of decom})Osition Daik- 
colouicd lubies aie obtained witli sapphiic from 
alluvial deposits in the piovmces of (h.i-ntabun 
and Krat in Niani 8tones of good quality Jiave 
also been mined together with common coi undum 
in Macon Co , Noith Uaroluia 9’he best 
sapphires tome fiom the gem-giavcls of (’e^^lon , 
other localities of impoitance aic 8iain and 
Kashmir. Daik-blue and greenish- blue sap- 
phiics occur abundantly in giavels iieai Anakie 
m Queensland , while palei stones of vaiious 
sha(h‘s (’ fancy stones ’) are plentiful m the 
neighbourhood of Helena m Montana 

Common corundum as used for abiasivo 
pur|ioscs (apart from emery, q v ) was formcily 
mainly mined in the United States ; later the 
Canadian deposits came into prominence ; while 
now the latter are being ousted by the aitifieial 
products carborundum and alundum. India 
has also since remote times piodiiced a certain 
amount which has been largely used by the 
native lapidaries Tn the United States the 
corundum deposits extend along the Appala- 
chian Range from Alabama to Massachusetts, 
reaching their greatest development in North 
Carolina and Georgia Hero they occur in 
pendotites near their contact with gneiss. In 
Canada a belt of corundum -bearing syenites 


(nephelinc and related alkalme syemtes), associ* 
ated with the Laurentian gneisses, extends for 
100 miles across Reiifiew, Hastmgs, and llali- 
buiton counties m Untaiio, the pimcq al miiimg 
district being ikvii Ciaignioiit in Kcnticw Co 
Laige rough ciystals of coi undum aic abundant 
in gneiss in JVladagascai and at Stemkupf in 
Namaqualand, South Afuca Moie lecently, 
luipoitaut deposits have been discovered and 
woiked ill tlic Zoutpansboig and Pictersbuig 
districts in northein d’rans\aal 

The coi undum- healing lock as mmed is 
ciushed between liaidencd steel lolls and the 
heavier coiundum scpaiatcd lu watei liy means 
of Jigs and < oiicentiating tables It is sifted 
into dilieient giades oi lineiiess and used 
(1) as loose giaiiis , (2) mixed with glue or other 
soft cement as a coating on papei oi cloth ; 
and (3) as coi undum- wheels lor gimdmg The 
last named aie of tliicc classes (u) I he 
‘ Mtiihed wheel,’ m which the coiundum is 
mixed with clay and baked at a high tiuiipeiatuie, 
with the result that the giains ot coiundum aie 
set in a matiix of poiielam {h) The ‘ chemical 
wheel. 111 wind) sodium silicate is the binding 
mateiial (c) The ‘ ciuiient wheel ’ with slielku*, 
rubbci, linseed-oil, Ae , oi magnesium oxy- 
chloiide Another use for coiundum, depend- 
ing on its haidness, is for the pivot suppoits for 
watches (waU h-je\vels) and other dehcato 
instruments, the pooriu qualities of gem- 
mateiial being used foi tins purpose Although 
cc^rundum is tlie nehest ore of aluminium, theie 
aie ddhculties in its use foi the exti action of 
the metal It has, however, lieen used ducctly 
in the piepaiation of dlumimum-copiier and 
aluminium-iioii allots. 

The aitihtial prejiaiation of cjjstalliscd 
corundum was lirst cllected by M A Caudm, 
in 1837, by decomposing poktsli alum with 
chaicoal It lias since then been piodiiced by 
a variety of methods, and is now ni.inufactuicd 
on a laige scale both foi use cus geni-stonc's and 
for abiasivc pin poses Beautiful ci>stals of 
ruby weie prepaied by K Uieniy and leil, iii 
1877, by heating a mixtuie of alumina and led- 
lead with potassium dichiomatc in a porous 
Iheelay crucible , a fusible aluniinate of lead 
wjis thereby foimcd, which was decomposed by 
the silica of the ctiiciblo with the sepal ation 
of eiyslallised alumina The crystals so ob- 
tained, though of some size, good colour, and 
peifeetly transpaient, weie iinfoitunately too 
thin for cutting as gems A fai gi eater measure 
of success was achieved by A Veineuil in 1902, 
who ha.s piodiiced line gems ot all coloui s 
{v Gems, Artiiioial) liiteicstmg experiments 
from a petrological point of view were con- 
ducted by J Moiozewicz m 1898, m which he 
obtained ciystalhsed coiundum in silicate' 
raagiiias supersaturated with alumina Artihc^ial 
corundum, used as an abrasive under the trade 
name of alundum (aloxite, adamite), is now 
manufactuied on a largo scale at Niagara I alls 
by fusing bauxite in an electric furnace ‘ Coru- 
bin ’ IS also an artilieial coiundum, formed as a 
by-product in the Goldschmidt theimite process 
Meferevtcs — A E Barlow, (Corundum, its 
Occurrence, Distribution, Exploitation, and 
Uses, Canada, Dept Mines, Geol. Survey, Mem 
67, Ottawa, 1915, 378 pp (with special reference 
to the Canadian deposits) ; T. H. Holland, 
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Corundum, Manual of tho Ceology of India, 
2nd edit , Calcutta, 1898 (with special reference 
to tho Indian deposits) , (4. P Mcrrdl, The Non- 
motallic Minerals, 2nd edit , New York, 1910 ; 
J H Pratt, Bull US Ceol Survey, 1906, 
No 2()9 ; J II Pratt and J V. Lewis, North 
Carolina Cool Survey, 1905, i ; P A. Wagner, 
South A Incan Journ Tndustrias, 1918, i, 776 , 
IVans. Cool Soc. S Africa, 1919, xxi 37 , M 
Bauoi, Ldolstcinkunde, 2nd erht , Leipzig, 1909, 
and English tianslation by L. J Spencer, London, 
1904 , Sapphire-Mming Industry of Anakic, 
Queensland, Bull Imp. Inst , London, 1916, 
XIV 253. L J S 

CORYBULINE, CORYCAVINE i;. Couyda- 

UNE 

CORYDALINE AND THE CORYDALIS 
ALKALOIDS. These alkaloids occur m the 
loots ol the Conjylalis tabofosa (DC ) (syn 0 
cava^ (J BulbocapitiUs caviis)^ belonging 

to the Pumanacoa^ , and also m some other 
species of this genus (C anibujua, C venii/i, C 
nobilis) Corydaline was discovered by Waeken- 
rod(‘r, in tho year 1826 , and foity years latei 
Wieke (Annalen, 1866, 137, 274) described the 
alkaloid moie fully, assigning to it tho formula 
Cii,Ui 5 ,() 4 N An investigation by Adcimann 
(Inaug Dissert, Dorpat, 1890) irulieated that 
O ami contained three or four ditfcrent alka- 
loids, and the toi inula C 2 yllj 3 D 4 N was attiibuted 
to the one whu h is now regarded as coiydaline 
Tins base was more completely examined by 
Dobbie and Lauder (Ciiem 8oc. Traas 1892, 
61, 244, 605), and by Freund and Josephi 
(Aimalon, 1893,277, 1), who respectively ascribed 
to it the formula and C) 2 H^ 704 N, 

tho latter being piobably tho moio collect 
formula About the same time Freund and 
Josephi isolated throe other alkaloids from 
C caua^ roots, namely bulbocapnincy coi ijuwinv y 
and tonihidbine , whilst Dobbie and L<nidei 
described a hfth, co) ytubenne (/ c 1893, 63, 485) 
Seveial other corydalis alkaloids have since 
been isolated, tlu' chief of which are dchydto- 
corydalitu , i^ocu) yhidbinCf corycavciininf, coyy- 
aividin€y and conjdine Gadamei, Ziegenbein, 
and Wagner have classitied tho piincipal alka- 
loids into the following thiee groups — - 

I Coiydaline . . (' 22 D^ 27 U 4 N 

Dehydiocorydaline . C,,tf>o 04 N 

Co.ybulbmo . . C:;Hr6o!N 

/AoCorybulbine . C 2 |H^ 504 N 

i Corycavino • L23H,30gN 

Corycavamine . (biH^iOgN 

Corycavidme . ^' 22 ^ 126 ^ 6 ^ 

I Bulbocapnme • L 19 II 19 O 4 N 

Corytubeiino . C 19 H 21 O 4 N 

(brydine . . C 20 H 23 O 4 N 

^ 6 oCorydine . . C 20 H 23 O 4 N 

Tho alkaloids in the tirat gioup are of weakly 
basic character, those in the third are strong 
bases, and the mombcis of tho second group 
are intermediate in this re^spect. All are oxidised 
by iodine, tho limt grouii yielding berborme- 
liite compounds, except m the case of dehydro- 
corydaline, which is, itself, already such a com- 
pound Tho third group all contain phenolic 
hydroxyl, and are therefore dissolved by alkalis 
Protopine and two other alkaloids, one of 
which has the formula C 2 oH, 704 N, and is 
isomeric with berbenne, have been found m 


Chinese corydahs tubers (0. ambigua), as well 
as tho first three members of Group 1 (Makoshi, 
Arch. Pharm. 1908, 246, 381). Five moie 
alkaloids, including glauciney have been obtained 
from parts of C. tuberosa by Haars and by 
Gadamer (Arch. Pharm. 1905, 243, 154 ; and 
1911, 249, 224). 

To separate the chief corydalis alkaloids 
Gadamer, Ziegenbem, and Wagner extract the 
ground root with alcohol, distd off the solvent, 
dilute and acidify the residue with acetic acid. 
After hltering, tho acid hltiate ls puiihed by 
extraction with ether, then made ammoniacal, 
and the alkaloids extracted by means of ethei. 
Fiom tho ethereal solution, after most of the 
solvent has been distdled off, a mixture of 
corydaline, bulbocapmne, corycavine, and coiy- 
bulbino is deposited ; these are separated, in 
tho order given, by successive extractions with 
boiling alcohol Moie corydaline is obtained 
fiom the mother liquor on further concentration 
The residue evaporated to dryness is converted 
into hydrobromides and^ fractionally precipi- 
tated with ammonia, tliLS treatment giving more 
coiydaline, and also corybulbirie, i^ocorybulbine, 
corycavamine, corycavine, corydine, and bulbo- 
capnine, in tho order named Coiytubeime 
lomains m tho ammoniacal solution, and is 
obtained by exti action with chloiofoim after 
evaporating the solution to a syrupy r onsistency. 
To purify the erudo corydaline it is converted 
into the hydioi hloiide and precipitated, together 
with some corycavine, from an aqueous solution 
by addition of alkali ; any bulbocapmne picsent 
remains in solution, and can be recovered by 
passing carbon dioxide into tlie alkaline liquid. 
The corydalmo and corycavine may then bo 
separated by repeated crystallisation from 
absolute alcohol , coryd<ilme, being tho more 
soluble of the two, accumulates m the later 
fractions 

(voiydalis loots have been used m pharmacy, 
and are ciedited with antipenodic proper ties. 
The alkaloids have a narcotic effect, but aie 
not employ, ed in medicine Tho membeis of 
the three groups above-mentioned are closely 
related m physiological action as well as chemical 
constitution Aceoidmg to JVters (Arch exjit. 
Path Pharm 1901, 51, 130) and Gadamei 
(Arch Pharm 1905, 243, 147), the alkaloids of 
the corydaline group produce paralysis of the 
spinal cord, and those of the corycavine group 
stimulate the motor centres , whilst the membem 
of the bulbocajmme group give use to inci eased 
reflex action All except corytuberme induce 
in flogs narcosis like that due to morphine, and 
have a ])iejudieial effect upon the action of the 
heart It has been suggested that bulbocapnine 
may be useful as a narcotic m veterinary prac- 
tice, in the case of animals on which morphine 
has a stimulating effect. 

Group 1 . Corydaline 022 ^^ 2 7 D 4 N crystallises 
from alcohol m hexagonal prisms, m p 134 5°, 

317° m chloroform or -j-310° in alcohol. 

It dissolves easily m ether, chloroform, carbon 
disulphide, benzene, or warm alcohol, but is 
sparingly soluble m cold alcohol, and msolublo 
in water or alkalis Corydalmo and its solutions 
are quickly coloured yellow by the action of 
light or heat. It gives well- crystallised salts 
The aurichloride (B‘HCl) 2 AuCl 3 crystallises from 
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dilute alcoholic hydrochlonc acid as orange- 
coloured needles, m p 207° , the plaiiiuchloride 
(B-HCl) 2 rtCl 4 forms brown crystals, m p 227° ; 
the hydrochloride B HCU, 2 H 20 , columnar crys- 
tals, m p 206°-207° ; and the ethyl sidphatt 
B'C 2 H 5 HS 04 H., 0 , large colourless iirisms, m p 
152 6 °. “ 1 » 1 


On oxidation with iodine m alcohol corydaline 
yields dehydrocorydahne, winch occurs with it 
in Corydahs iuherosa (Schmidt, Aich Pharm 
1908, 246, 575) Pour methoxyl groups are 
present in corydaline, and the base contains a 
tertiary nitrogen atom, since it reacts with 
methyl iodide to form corydaline methiodidc 
B CH 3 I. Oxidised with peiinanganate, it gives 
eventually lu'mipinic and m^/a-hemipinic acids, 
showing the piescnce of two benzene nuclei in 
the molecule At the same time, anothci 
oxidation product, eorydeddine C^jH^^O^N, is 
formed ; and from the constitution of this the 
presence of an isoquinoline nucleus in the original 
alkaloid is inferred 

On oxidation of corydaline with dilute nitric 
acid instead of permanganate, dehydrocory- 
dalmo is first produced. One of the benzene 
nuclei LS next destroyed, and a yellow dibasic 
acid, corydic acid JH^O, is formed 

When corydic acid ls in turn oxidised with 
permanganate, it yields first an insoluble, 
colourless, tribasic acid Ci^H^gO^N, corydilic 
acid^ and eventually wc/ohemipimc acid, and 
a mctliyl pyridine tricarboxylic acid, which 
latter on fuither oxidation is converted into 
pyridine-2 3 4 G-t(‘tracaiboxylic acid 

The position of the methyl giouj) 
in the tricarboxylic acid is thus indicated , and 
from this and the foregoing results the following 
constitutional foimula? for corydaline and 
dchydrocorydalme are deduced (Dobbie and 
Lauder, ('hem Soc Trans 1892, 61, 605, 
1894, 65, 57; 1897, 71, 657; 1899, 75, 670, 
and 1902, 81, 145) — 


I 1 n 


OMe 

!OMe 


Mo( 

MeO! 


Hv 

H'I 2jH(Me) 


/l^OMe 

' ‘ "OMe 


jMe 


fY ^ 

1 4 3 1 

MeO/'^ Y Y 

4 3 




X 


Corydaline. 


Dehydiocoi ydaline. 


This formulation indicates the close relation- 
ship shown by these alkaloids with tetrahydro- 
berbermo and berbcrine respectively. The 
former differs from corydaline only in having a 
dioxymcthylone group substituted for the two 
methoxyl groups m ring 4, and a hydrogen 
atom for the methyl group in ring 2 Between 
the absorption spectra of corydaline and tetra- 
hydroberberino there is also a very close rela- 
tion ; in fact, the only difference is that the 
general absorption shown by tetrahydrober- 
berine is slightly greater than that of corydaline 
(Chem Soc Trans. 1903, 83, 598) 

By reduction of dehydrocorydaline two 
optically inactive corydalines are produced, 
r-corydaline, m p 135°, and r-mcsocorydaline, 
m.p. 158°-159°, the two compounds being 
stereoisomerio. The former is obtained when 
an aqueous solution of dehydrocorydaline hydro- 


chloride is treated with platinibcd zme and dilute 
sulphuric acid at the tempciature of the water- 
bath Its sulphonic acid can readily be resolved 
by means of brueme into the coi responding 
I- and d-salts. r-Mesocorydaline is obtami'd to- 
gethei with itsisomeride under milder conditions 
of reduction, by kec'pmg an alcoholic solution of 
dehydiocorydahne hydrochloride with zinc-dust 
and sulphuric acid at the ordinary temperature 
until it IS decolourised The separation of the 
two bases is easily effected by ciystallisation 
fiom cthei, the ?-mesocoiydalme alone sepaiating 
(dadamor and Klee, Aich Phaim 191(), 254, 
295). By means of the camphoisulphonate it 
can be lesolved into active components, but 
neither the Z-form nor the cZ-form is identical 
with natuial corydaline 

Ddiydrocorijdahnc (' 22 H> 804 N occurs in the 
loots of C tnhnoba, (J arnhujiia, C sohda, and 
(j veinyi From (oiydaline it is produced by 
the action of mild oxidising agents, such' as 
dilute nitric acid It is a yellow crystalline 
powder, m p. 112°-113° (deomp ), and gives 
crystalline salts , the auiichlondo B HAu(_34 
forms led-brown needles, m.p. 219°. It gives a 
crystalline oxime, m p 165° , and, like bcibeiine, 
unites wuth one molecule of chlorofoim, yielding 
a colouiless crystalline compound, m ]> 164°. 

llaars ascribe>i the foimula to 

dehydrocorydaline, and regards the alkaloid as 
having a keto-stiuctuie w'hen in the fico state, 
but as being a quaternary base when in solution 
(Arch rhaim 1905, 243,‘ 165) 

Corybulhim was first separated by Fieund 
and Josophi (Z c ) fiom commercial coiydaline, 
and moio fully investigated by Dobbie and 
Lauder, wlio assigned to it tlie formula r/jilT2504N 
(Chem iSoc Tians 1894, 65, 25) It is soluble 
in boiling alcohol, from wlmh it sepaiates, on 
cooling, as a fini' ciystalline powder, m p 238°- 
240° It IS practically insoluble in water, 
sparingly soluble in ether and in metliyl alcohol, 
leadily in carbon disulphide, chloroform, and 
hot benzene The solution m chlorofoim is 

dextrorotatory, [ -f- 303 3°. Cory bulbine gives 

well-crystalliscd salts , the hydrochloi idc B IlCl 
forms yellowish prLsms, m p 245°-250° On 
oxidation with iodine in alcohol corybulbino 
gives dehydrocoryhulhwe C 21 H 21 O 4 N, ni p 210 °- 
211 °, and on treatment with hydriodic acid 
furnishes 3 molecules of methyl iodide On 
methylation with methyl iodide in the piescnce 
of potassium hydroxide, it yields corydaline, so 
that it differa from the latter only in containing 
an — OH group m place of an —OMe groiqi, 
])robably m the ^Av;qulnolme nucleus (Dobbie, 
Lauder, and Paliatseas, Chem Soc Tians 1901, 
79, 87) 

\m-Goryhu(Jbine C 2 iH2604N, first obtained 
by Gadamer, Ziegenbcin, and Wagner, and 
subsequently examined by Bruns (Arch. Phaim 
1902, 240, 19), crystallises fiom alcohol in 
voluminous leaflets, m p 179°- 180°, [a]j)-|-299 8° 
in chloroform, and on oxidation with iodine 
in alcohol yields dehydioisocoiyhulbine 

C21H21O4N 

The latter resembles dehydrocorydalme and 
dehydrocorybulbine, and its hydriodide reduced 
with zinc and sulpliuric acid gives i-t^ocorybul- 
bxne, m.p. 166°-167°. Three methoxyl groups 
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aro present in »<?o^orybulbino {rf. Bruns, idfm 
1903, 241, 634). 

Group 2. Gori/mvine C23ll2'i06N was first 
obtained by Freund and Joseplii (Annalen, 
1893, 277, 15) It is insoluble in wato and in 
alkalis, sparingly soluble in cold, but more 
readily in hot absolute alcohol, fiom which it 
crystallises m rhombic tablets, m p 218°-219°; 
the alkaloid is optically inactive. The hydro- 
cMoride B HC1,H20 forms broad needles, m p 
210° , the hydriodule B has m p 236° , 

and the aaiuhlonde B HAuCL has m p. 178°- 
179° (dceomp ) With methyl iodide it reacts 
as a tertiary base, the methiodide piodueed 
forming rhombic tablets, m p 218° Coryeavme 
contains a dioxy methylene group, but no — OFT 
or — OMe group (Zicgcnbcm, Aieh Pharm. 
1806, 234, 523 , and (lacbcl, ^dem 1910, 248, 207) 

Col ycavamine eoryeavme, 

contains no methoxyl group, but ])robably a 
dioxy methylene group It is a crystalline base, 
forming rhombic columns, m p 149°, and has 

160 *6° in chloroform; but on heating 

at 180°, or by warming with acetic anhydride, 
it may be eonveited into an optically inai'tive ) 
modification, m }> 213°-214°, resembling eryjito- 
pino (Gadarncr, Ziegenbein, and Wagner, Aidi 
Pharm. 1902, 240, 81) 

Co} i/caindiur been described 

by Gadamer 1911, 240, 30) The mixed 

amorphous alkaloids of C cava on conversion 
into thiocvanatcs can be sepaiated into two 
groups, one giving cryst<dline thiocyanates, 
soluble with difhculty m alcohol, the other readily 
soluble, and amor))hous From the second ' 
group corycavidino was isolated ft is crystal- , 

lino, and has m p. 212°-213°, [a]^^4-203 1° in 
chloroform It appeal’s to be corycavamine, 
in which a dioxy methylene group is replaced 
by two methyoxyl groujis Like corycavamine, 
it IS converted on heating into the optically 
inactive form, m p 193°-195° after rccrystallisa- 
tion , the change occurs at 209° (Corycavidino 
crystallises from hot chloroform with ICHGL 
on addition of alcohol It forms a crystalline 
hydrochloride and nitrate The aunchloiide 
BHAuCL IS a led powder, which sintem at 85° 
and molts at 170° (decomp ). 

Group 3, Bulbocajmme G|9H,904N was 
obtained by Fieund and Joscplu from the roots 
of Oorydaiis mva (Annalen, 1893, 277, 10) 

It separates from hot absolute alcohol in 
rhombic nccdlos, mp 199°, 237*1° m 

chloroform, and yields crystallme salts The 
hydroeJilonde B HOI forms needles, m p about 
270° ; the hydrohrcymidc B II Br has m p 250°- 
270° ; the hydnodide B Hf, m p 230°-270° , 
and the platnnchloridp, m p 200°-230° (decomp ) 
The methiodide B OH3I forms shining needles, 
m p 257°. 

Bulbocapmne is insoluble m water, but 
dissolves m alkalis, and is precipitated from its 
solutions in these by addition of carbon dioxide 
or ammonium chlonde. Its four oxygen atoms 
aro accounted for by the presence of a methoxyl, 
a hydroxvl, and a dioxymethvlene group 
(Gadamer and Kuntze, Arch Pharm 1911, 
249, 503, 598). Further, ‘ exhaustive methyla- 
tion * gives rise to 3 : 4-dimethoxy-6 : 6-dioxy- 
raethylene-8-vinyl-phen an throne, which bnngs 


bulbocapnine into rlosc relationship with apo- 
morphino. The same authors have invo3tigatcd 
the other members of thrs group, and assign the 
following formuLe to the four alkaloids con- 
cerned [ibid 641) — 


H.jjNMe 


oil II ( 

9\J 

CH3-0 

Bulbocajinine 

H.LiNMe 



X/ 

MeO 

Coiydmo 


H,„NMe 



MeO 
Corytubenne 

H^jjNMe 


/H, MeO 



MeO / 
McO 

i.fe-C()rydine 


Corytnberine Cj9H2i04N,5H,0 was obtained 
by Gobble and Lauder from commercial coiy- 
d.ihnc by extraction with hot water (Chem 8oc 
Tians 1893, 63, 485) It crystallLses from 
alcohol in fine, silky needles, m p 240°, 

i-282 6° m alcoliol The alkaloid is neaily 
insoluble in cold water, ether, or chloioform, 
slightly soluble in benzene, and dissolves readily 
m hot w.itcr or in solutions of alkalis It forms 
ciystallinc salts, including a methiodide Two 
metlioxyl and two hydioxyl groups are piesent 
On methylatioh with methyl sul])hate or diazo- 
methane a mixture of two isomeiic monomothyl 
ethers is obtained , these correspond with 
corydinc and i.wcorydinc The dimethyl ether 
of corytuborine is glaiicine Gorytubcrine m 
alkaline solution is readily oxidised by air, 
giving a dark green licpiid Its ])hy&iologieal 
action IS very similar to that of apomorphme ; 
and as with bulbocapmne and coiydme, the 
chai actons tic emetic etfcct disajijieai's when the 
two hydroxyl groups aro methylated (Gadamer, 
Arch Pharm 1902, 240, 81 ,‘ and 1911, 249, 
503, 641) 

Gorydine i04N was first dcsciibed by 

Merck, and later by Gadamer and his eollabora- 
tom {tdim 1902, 240, 81 , 1911, 249, 669) It 
crystallises from alcoliol with |EtOH, m p 

124°-I2r>“, or 149° dry , [o]“°+204 3° in thloro- 

foim Three methoxyl groups and one hydroxyl 
group are piesent m the alkaloid Oxidised 
with iodine, it yields the hydnodide of dohydio- 
eoiydine (’,oHjb 04N HI, which, on icduction, 
gives i-corydine, m p 105°- 167° Fioni this 
I coiydmo is obtained by reciystallisation of the 
/-tartiatc As shown above, eorydine is a 
inonomethyl ether of corytiibcrinc 

moCori/dine G20H23O4N is obtained, as 
already shown, by methylating corytuberine. 
It crystallises m tablets, m p 185°, and has 
20 

4-195 3° in chloroform. Ite methiodide has 

ra.p. 213°-214°, and [a];°+143-3'’. 

J. J. D 

CORYFIN, Trade name for ethyl glycollio 
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menthyl ester CioHj^O CO CH, 0 used in 1 
the treatment of nasal catarrh 

COSMOS REDS^’ Azo- colouring mattiirs. 

COTARNINEt; Ophtm 

GOTO BARK. Tiuo coto bark is obtained ' 
from Bolivia, the Amazons (Brazil), and Vene- 
zuela Tt has been considered identical with 
Winter’s bark [from Dnmys Winieii (Forst )J, ! 
but its source is really unknown ( Jolist and Hesse, ! 
Annalen, 282, 191) It comes into the market 
in long stiips about 8 cm bioad and 12 mm. 
thick, and is tough and haul. The colour is 
cinnamon brown, and a cross section shows 
numerous yellow spots It has an aromatic ' 
odour, and contains cotoin^ dicotoin, hydtocofoin 
and methyLhydrocoioin, resins, tannin, &c | 
The supply of the true coto bark is limited, so i 
inferior baiks, chiefly pata-coto hat/c, are sold | 
These contain little or no cotoin, but instead I 
protocoloin and methyl-protocatoin ! 

Cotom or Bcnzoyl-phloro(ilu( inol-mono-mHhyl ' 
ether C\4Hi204, is found, together with vaiious | 

OH 

I 

OH 

related substances, in true coto baik, but not 
m paia coto bark, and has boon the subject of 
much investigation by Ciamician and 8ilbiM 
(Ber 24, 290 and 2977, 25, 1119, 20, 777, 
27, 409 and 841 ; 28, 1549), Jobst (N Report 
Rharm 1876, xxv 23 , Bor 11, 1031), Jobst 
and Hesse (I3ei 10, 249, Annalen, 199, 17), 
and Hesse (Ber 26,2790, 27, 1182, Annalen, 
282, 191). As a result its constitution has been 
made clear and a number of its derivatives 
described. 

Cotoin can be isolated from true coto baik 
by extracting the powdeied baik with cold 
ether, distilling off the ether fiom tlie extiait, 
and mixing the icsidue, whilst still hot, with 
light petroleum, wheieiipon a resinous -oily mass 
sepal ates, from which tlii' solution of cotoin can 
be decanted and the pioduct obtained from it 
m the foiru of laige yellow ciystals A further 
quantity can bo obtained from the resinous 
mass mentioned above by boiling it with lime- 
water, and treating the solution obtained with 
hydrochloric acid, when the cotoin is precijiitatcd 
(kitoin may be rec rystallised from alcohol, oi 
hot water, when it separates m yellow pi isms, 
mclting-])Oinb 130°-131°0. It is dillicultly 
soluble in cold water, readily soluble in hot, 
IS fairly solulilo in alcohol, ether, and chloio- 
form, but sparingly soluble in light petroleum 
or benzene It dissolves in alkalis forming 
yellow solutions from which it is reprecipitated 
on acidilication As decomposition products of 
cotoin, phloroglucinol as also benzoic acid have 
been obtained 

Cotoin has been used pharmaceutically in 
cases of diarrluea and of phthisis 

The diacetvl derivative CjgHjflO^, produced 
by the action of acetic anhydride, or acetic 
anhydride and sodium acetate, on cotoin, con- 
sists of large prisms, melting-point 94® C. If 
sodium acetate is used in the acetylation, the 
diacetyl derivative is accompanied by the 


acetyl denvative of ivethoxy-hydroxy-'pliaiyl- 
((Yumaiin acetate , melting-point J42‘R- — 

MeO— V-0 

I I 

CHjCOO 4 

Benzoyl cotoin, obtained by the action of 
benzoyl cliloride on cotoin, ciystallises in pi isms, 
melting-point 110®-]12®0 

Dihenzoyl-cotoin consists of needh's, melting- 
point 134®-135®C 

J)imethyl-cotoin, obtameil by the action of 
methyl iodide and alkali on cotom, ciystallises 
from alcohol, and lias melting-point 138® 0 
It vields a mono-aictyl deiivati\e, colouiless 
needles, melting-point 150°C , hence the foi inula 

HO OgH ]\le(OMe) , CO 

has been pioposed for it by Chain ician and 
Silber 

Dihiomcoioin CJj 4 Hjq 04 Bi^, which crystal- 
lises in large colourless needles, meltmg-pomt 
116® 0, is prepared by the action of bromine 
on cotoin in chloiofoim solution 

Cotoin oxime 0,411 13NO4 crystalliseii m 
plates, soluble m alcohol, dillicultly soluble in 
watei, and has beiui pii'paied by tlie action of 
hydioxylamine hydiochloiule on a cold aqueous 
solution of cotom m sodium caibonate 

Mono-nitioso-cotoin consists of dark red 
leaflets, or oiange-yellow needles (fiorn acetic 
acid), meltmg-pomt 153”- 15 1® (! (both forms) 
The needle vaiiety possibly contains acetic acid 
of crystallisation (Poliak, Monatsh 1901, 22, 
99b) 

A dilute solution of cotoin m sodium car- 
bonate is capable of coupling with diazonium 
compounds, and m this way Perkin and Martin 
(Ohem Soc Tians. 1897, 1149) have prepared 
the following deiivatives — 

Cotoin-azo-henzene C,4lli,04 CgllgN, crys- 
tallises fiom acetic acid m oiange-yellow needles, 
melting-point 183®- 184® C , it yields a diacclyl 
derivative, C,4H904 (CgH jO), when 

tiCcxtc'd with acetic anhydride and sodium 
acc‘tate, searli't neinlles, melting-point 155”-I5t>® 
C , on treatment with hot alkalis the acetyl 
compound is hydrolysed wuth formation of the 
free azo compound 

Cotoin-azo-odohiene, similarly prejiared from 
diazotised o-toluidme and cotom, orangc-^^ellow 
needles, meltmg-pomt 203®-204°(t 

Cotoin -azo-p-tolnene consists of orange-yellow 
needles, meltmg-pomt 207®-208°0 

Ilydro-cotoin, whieh oceui’s together with 
cotoin, IS a dimethyl ether of tnhydwiy-henzoyl- 
henzene, CJI^ CO CeH2(OH)(()Mo), 

A number of poly-hyclroxy benzophenone 
derivatives, mcludmg products found m coto 
bark and related to cotoin, have been prepared 
by W H Perkm and Robinson (Proc Ohem 
Soc , 1906, 305). A G P. 

COTTON consists of the long hairs which 
cover the seeds of vanous s[)ecies of Gossypium, 
a genus of the nat ord Malvaceoi The botanical 
classification of cotton is in a confused state, 
and this is doubtless mainly due to the cultiva- 
tion of the plant for extensive periods, the large 
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interchange of seed which has taken place 
between the different countries of production, 
and the consequent gradual modification of the 
distinctive characters of the original species. 

Amenccm coltom, — The ordinary Upland 
cotton IS fairly generally considered to be derived 
from Qossypium hirsutum (Linn ) Some authori- 
ties, however, are of opinion that it is derived 
from O. hc^hacciim (Lmn ), whilst others regard 
these two species as identical Sea Island cotton 
has usually been legarded as Q barhademCt but 
IS considered by Watt (Wild and Cultivated 
Cotton Plants of the World) to be a hybiid form 
Egyptian coltom — The Egyptian cottons 
probably cannot be ref ei red to any particulai 
specie's, but are mostly hybiid forms of G 
haibadcme with otlier species Most commonly, 
Egyptian cottons are regarded as G. harhademey 
but Watt jilaces them under G, pcnwtannm 
((Jav.), which some authoiities consider as 
identical with tlic former 

Indian cottoih^ — With reference to these 
varieties, U A Gamiuie, of the College of 
Science, Poona, wiites, in his monograph on 
The Indian Cottons ‘ It is clearly evident 
that we have at the most only one true species of 
cotton m India, Gimi/pium oblusifoUim, with its 
tw’o sub-species, G aiboieuni. and G heibaceam 
All othei foims sliould be treated as deiivatives 
of these ’ Other botanists, however, regard the 
Indian cottons as derved from vaiioiis distinct 
species, including G hrihacen/n, G ncglectiim, 
G Wight mnn in, and 0 aiboreuin 

Brazilian and Peruvian coitoihs — Brazilian 
cotton is geneially < onsidered to be the product 
of G bia^ihcnsf (Macf ), and lough Peiuviau 
cotton that of G pti uvianitm ((!av ) 

The cotton plant grows as a shrub or small 
tree It is of jieieimial habit, but, in cultiva- 
tion, is usually treated as an annual In 
ci'itam districts of Bia/il and Peru, however, 
arborascent forms are grown, which aie allowed 
to remain m the ground for several years When 
the flower- bud fust opens, the petals are 
generally white or pale yellow, but they gradu- 
ally become darker and reddei until the third or 
foiiith dav, and then fall to the ground The 
young fruit remains attached to tlie flower-stalk 
and enveloped m the calyx , it gradually in- 
creases in size, and is known as the ‘ boll.’ 
When the boll is npe, it dehisces by from three 
to five valves, exposing the cotton, which, now 
that the pressure on it is released, lapidly ex- 
pands and forms a laige fluffy mass As soon as 
the boll has opened completely, and is quite dry, 
the cotton is ready to be gathered The seeds, 
with the cotton fibie adhering to them, form the 
product known ‘ seed cotton ’ ; this is 
collected from the npe bolls, and the cotton 
(or ‘ Imt ’), after bemg tom from the seeds by 
the process of ‘ ginning,’ constitutes the law 
cotton of commerce Seed cotton usually con- 
««i8ts of about one-third of its weight of cotton 
fibre and two-thirds of seeds. j 

The cotton fibre is composed of a single 
hollow cell, and, while unnpo, has the form of 
a long narrow tube As the fibre matures, it 
becomes more or less flattened, and presents the 
appearance of a narrow, somewhat opaque 
nbbon or band, with slightly thickened, rounded 
edges. The ripe fibre possesses a peculiar 
charactenstic twist. This twist appears to bo 


an acquired character ; it is not present in wild 
cotton, and is increased by care m cultivation. 
The number ot twLsts in a given length is very 
vanable, and, as a rule, ls, roughly speaking, 
inversely proportional to the diameter of the 
fibre, the twist being most numerous in the 
finest variety (Sea Island) Unnpe cotton 
consists of thin, transparent fibres with little 
or no twist. Such fibres are known techmcally 
as ‘ dead cotton,’ and, being very weak and 
buttle, they break up in the process of manu- 
facture, thus increasing the amount of waste, 
and also tending to Aveaken the yarn or fabric 
into the composition of which they enter ; they 
also possess the defect of not being able to take 
dyes satisfactorily. 

Accoiding to the length of the individual 
fibres, cottons are classed in commerce as long-, 
medium-, or short-stapled. The long-stapled 
cottons are IJ inches or more in length, the 
medium-stapled are about 1 inch long, and the 
short-stapled arc less than 1 inch The principal 
long-stapled varieties are Sea Island cotton. 
Egyptian vaneties, and the improved American 
Upland forme, which have been evolved from 
the ordinary Upland kinds by continuous 
selection and careful cultivation The Brazilian 
and Peruvian cottons vary from about 1 to IJ 
inches, and are, therefore, either medium- or 
long-stapled The chief medium -stapled cottons 
are the ordinary American Upland kinds, and 
the sliort-stapled class is represenk'd by the 
Indian vaneties 

Sea Island cotton is grown in South Carolina, 
Georgia, Florida, and the West Indies The 
fibre is very long, fine, silky, and of a lustrous 
creamy tmt, and this cotton is therefore the 
most valuable variety Jt is used in commerco 
for spinning the finest and best yarns Con- 
siderable care is required m the cultivation of 
this cotton, and the yield per acre is usually 
lower than that of other kinds. 

American Upland cottons are produced in 
enormous quantities in the United States, and 
are the principal kinds used in the Lancashire 
spinning industry Tliey are of longer staple 
and better quality than the Indian varieties, 
and are employed for the manufacture of yarns 
of medium equality. 

Egyptian cottons exist in several varieties, 
most of which yield a fibre of a brownish tint. 
These cottons are long, strong, and fine, and 
more lustrous than American Upland, but 
inferior to Sea Island cotton. Egyptian cotton 
IS preferable to American Upland lor the manu- 
facture of goods requiring a soft, smooth finish 
and high lustre. 

The Indian cottons are mostly short and 
coarse, and are consequently less valuable than 
Amencan Upland kinds. The chief markets for 
these varieties are Japan and Germany, com- 
paratively little being imported into the United 
Kingdom. 

Brazilian cotton is harsh and wiry, of 
medium strength and of good length. One of 
tlie varieties grown in North Brazil is a tree 
cotton, which lives for 8 years or more. The 
ordinary annual cottons are more largely 
cultivated and are more productive than the 
arborescent form, but the fibre of the latter has 
the longer staple. 

Peruvian cotton is chiefly of two kinds, 
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known respectively as ‘ rough ’ and ‘ smooth.* 
The former is the product of a cotton tree which 
IS allowed to remain m the giound for from 
4 to 6 years ; the fibre is well known for its 
peouharly harsh and crinkly character, which 
renders it especially useful to spinners for 
mixing with wool. ‘ Smooth ’ Peruvian is very 
similar to Amencan Upland cotton, and is used 
for the same purposes. 

The followmg table gives the approximate 
length and average diameter of the fibres of 
the principal commcicial vaiieties The dia- 
meters of the hbies of any one variety show 
great variation among themselves, but the 
figuras given under tins head aio the aveiagc of 
a large number of determinations by various 
observers, and can, at least, bo regarded as 
relatively accurate . — 


Vaiiety 

Usual length 

Average 

(liametoi 


inches 

inch 

Sea Island 

1 6-2 2 

0 00064 

Amencan Upland 

0 8-1 1 

0 00077 

Egyptian . 

1 3-1 6 

0 00068 

Indian . . . 

0 6-1 0 

i 0 00084 

Brazilian . 

1 1-1 4 

1 0 00080 

Peruvian (rough) 

1 2-1 5 

0 00078 

„ (smooth) 

0 9-1 1 

1 0 00077 

1 


Cotton consists of about 83 7 p c of cellulose 
together with 7 p e. of water, 0 (3 p c 
of wax and oil, 15 pc. of piotein, and about 
1 65 XI c of mineral matter (ash) (Bidl 33, 
U S. Dept Agnc ) The actual composition of 
cotton vanes with its oiigin 

The wax is present as a thin layer on the 
surface of the hbre, and lenders it incapable of 
absorbing water readily This substance, to 
which Schunck (Manchester, Mem Lit. Phil 
Soc. [m ] 4, 95) has given the name ‘ cotton wax,’ 
resembles other vegetable waxes, such as cerosm 
prepared fiom the leaves of the sugar-cane, and 
the waxes from tlio leaves of the tainauba xialm 
{CojiCTuitia cerifcra (Mait )J, and the laphia jialm 
[Jiaphia pcdiuicidata (Bcauv ) It is insoluble in 
water, but soluble m alcohol oi ether ; it melts 
at 86°, and solidities again at 80°-S2° Puio 
cotton wax is insoluble in solutions of caustic 
alkali , it contains C 80 4, H 14 5, O 5 I Asso- 
ciated with this wax is a fatty acid, which was 
regarded by Schunck as margaric acid, but is 
more probably a mixture of stearic and palmitic 
acids ; it melts at 55*5°, and resolidifies at 
50 5°. 

The oil m the cotton fibre appears to bo 
identical with that contained in the seed In 
the preparation of the so-called absorbent cotton 
wool, the wax and oil arc removed by boding 
the fibre with dilute caustic alkali under piessure, 
the material is subseixuently washed, treated 
with bleaching powder and hydrochlonc acid, 
again washed, and dried. 

The nitrogenous constituents of cotton con- 
sist of the remains of the cell protoplasm and 
allied substances. 

The mmeral substances contained m the 
fibre are chiefly phosphates, chlorides, and 
sulphates of potassium, sodium, magnesium, and 
oalcium, together with small quantities of iron 

voL. II.— ar. 


and traces of alumimum. If the amount of 
ash IS much more than 2-3 p c , the excess is 
probably due to the presence of sand and other 
mechanical impurities. 

When cotton is immersed in a stiong solution 
of caustic soda, it undergoes certam rcmaikablo 
changes, the chief of which is the inoduction of 
a silky lustre. This phenomenon was discovered 
by John Mercer m 1844, and has led to lesults 
of great commeicial imjiortaiicc. The pioccss 
IS now earned out on an extensive scale under the 
name of ‘ mercerisation ’ {qv), and is sometimes 
axqjlied to the yarn and sometimes to the woven 
fabric The matciial is eithci kept m a state 
of tension durmg the operation, or is allowed to 
shrmk in the alkaline liquid, and aftciwaids 
stretched to its oiiginal length before bemg 
washed The profess not only pioduces an 
exceedingly high lustie on the cotton, but also 
mcreasas its power of absoibmg dyes The 
structure of the cotton fibio undeigoes altera- 
tion , the flattened, twisted tube, chaiacienstic 
of ordinal y cotton, swells out, and is thus eon- 
veitcd into a hollow, cylmdiical form This 
change is accompanied by a decrease m length 
and also by an increase m tensile strength, 
mercerised cotton being m some cases as much 
as 60 p c stionger than orebnary cotton 
Egyptian cotton generally merceiises better than 
oidinary Amencan cotton 

When cotton is treated with a mixture of 
mtiic and suJxihuric acids, it is converted into 
nit ro- cellulose or gun-cotton {v. Exi’LOSives). 
On dissolving gun-cotton m ether, or a mixtuie 
of ether and alcohol, the product known as 
collodion is obtained (y PHOTOGRArHY) Nitio- 
ceJlulose also enters into the comjiosition of 
celluloid {q V ) 

Among tho moie imjiortant woiks on tins 
subject may bo mentioned The Cotton Plant, 
Bull No 33, Oftice of Expt IStat U S Dept, 
of Ague , Bowman's 8iiuctuie of the Cotton 
Fibre ; and Oppel’s Dii^ Baumwolle E G 
COTTON BROWNS, SCARLETS, YELLOWS, 

V AZO- COLOURING MATTERS , PlilMULINE. 

COTTON FLOWERS. Among tho vaiious 
portions of the cotton plant vhich have been 
Indus tiially employed must be included tho 
flowers which constitute one of tho numeious 
Indian d^estufis Act oi ding to W'att (Dic- 
tionary of the Economic Pioducts of India) 
they are tlius^ used in the Manipur distiict 
Gossypetin was hist isolated in small quantity 
from the floweis of the ordinal y Indian cotton 
plant, Q heilaccum (Peikin, Chem Soc Trans 
1899, 75, 826), and has been more eomiJetely 
studiecl at a later jienocl {ihid 1913, 103, 650) 
For its piepaiation a concentrated alcoholic 
extract of the floweis is tieated with hot water 
and the mixture digested when bmlmg with 
addition of hydrochlonc acid for three houis. 
After removal of tai by filtiation the hot liquid 
on cooling deposits a brownish -yellow powder, 
which contains a mixtuie of quercetin and gossy- 

E etin These colouring matteis are separated 

y a fractional crystallisation of their mixed 
acetyl derivatives from acetic anhydride, acetyl- 
gossypetm bemg in these circumstances the least 
soluDle. The acetyl compound is finally hydro- 
lysed by sulphuric acid in the presence of acetic 
acid in the ordinary manner. 

Oossypeiin C15H10O8 forms yellow needles, 

2 x> 
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mcltmg-pomt 311°-313°, closely resembles 
quercetin m appearance, and is readily soluble 
m alcohol, but only very sparingly soluble in 
water. (Joncentiated alkahiie solutions dissolve 
it, forming orange-red liqmds which on agitation 
and dilution with water, become gieen, then blue, 
and hnally assume a dull brown tint Alcoholic 
lead acetate gives a deep led precipitate in the 
cold, jiassmg mto dull brown, at the boiling-point, 
and with alcoholic feiric chloride a dull olivc- 
gieen liquid is obtained. 

(Jossypctiii like quercetin forms compounds 
with mineral acids which crystallise m orange- 
led needles, and with alcoholic potassium acetate 
the monopoUiSbium derivative is 

l^roduced The luxa-attiyl derivative 
Ox5H40s(C,H30)o 

forms colourless needles, melting at 228°-230° 
By fusion with alkali or by dissolving the 
colouring matter in cold 50 p c acpieous potassium 
hydroxide and allowing the solution to lemain 
exposed to air for twenty-four houi’S, with 
shaking, protcHaUchuit and is obtained A 
phenolic substance also jiioduced by these 
methods of hydiolysis lias not yet been identified 

When methylated with excess of mcthylic 
iodide and methyl alcoholic potash gobbypclm 
hvxamcthyl dhrr t^^ 6 H 40 j( 0 ]Me)a, colourless 
needles, melting- pom! 170''-172'^, is pioducc'd, 
and tins by hydtolysis with alcoholic potash 
givers piclo(al('(hut( (Hid dnmthyl ether <ind 
(josbi/pitid rthrr needles, 

mc'ltmg-pomt 115‘’' IK)'’ By ethylation in a 
similar mannei, gobbypctiu hejnulhgl ether 
^i 5 ^i^^ 2 (^-^Et)g, mc'lting-pomt 144''-14()”, tan 
bo piepaied, and with alcoholic potash yields 
duthylptoioealechmc acid and ejob^yjntol ietiei- 
ethijl (‘tho melting-point 110^-111° 

The latter foinis an oxuae melting* 

point I27°-129°, and wlien oxidised with 
permanganate gives ejassypetonn etcid, yellow 
needles, melting-point 154'’-! 55° The tonsti- 
tutioii'j assigned both to this lattei (1) and to 
gossypitol tetraethyl ether (2) arc given below — 

(1) H(3 OgHfOEtl^CO (10,11 

(2) HO CeH(0Et)3(J0 ('H, OEt 

and from these that of gossypetin natuially 
follows — 


Cail(OU), 




II 

/c OH 


OH 

-c> 


When an alkaline solution of gossypetin is 
exjiosed to air tho blue liquid on acidification 
yields a reddish-brown piccipitate which ()n 
gentle warming becomes ciystallino Again, if 
benzoqumone is added to a solution of gossy- 
petin m cold absolute alcohol a similar reaction 
takes place On keepmg for a few minutes 
crystals commence to separate, and by then 
heating to 60° a semi-solid mass is obtained. 

Gossypitone CigHgOg, the name assigned to 
this substance, consists of microscopic needles 
of a dull red colour, which are difficultly soluble 
in the usual solvents It dissolves in dilute 
alkalis with a pure blue colouration and its solu- 
tion m concentrated sulphunc acid is dull brown. 
Sodium hydrogen sulphite solution reconverts 
it mto gossypetm. Gossypitone posseBses strong 


dyemg properties, and gives the following shades 
on mordanted woollen cloth . — 


Chormum, Aluimmmi. Tin 

Dull brown. Orange-brown. Orange-red 
Iron, 

Deep olive. 

These, it is interesting to note, are identical 
with those given in these circumstances by 
gossypetin itself, and it is accoiflmgly evident 
that during tho dyeing operation oxidation of 
tJie lattei to gossypitone takes place Until a 
definite knowledge of the tetrahydroxybenzeno 
nucleus in gossypetin has been obtained the 
position of the hydroxyl gioups in this poition 
of tho molecule can only be conjectuied. Ex- 
isting as it docs side by side with quercetin it 
seems natural to consider that gossypetm is a 
hydroxyqueicctm Again, should gossypitone 
be a p-qunione, the constitution of gossypetm 
will bo the same as that which Neirenstein and 
Whcldale have suggested (Ber 1911, 48 3487) 
foi the flavonol (1) which they obtained from 
quercetone, an oxidation ])ioduct of quercetin, 
but the desciiptions of the two compounds 
aie not m agreement ^ On the assumption 
of the necessity foi a (juinol nucleus m gossy- 
petm a second constitution (2) is however 
possible — 


HO 


OH OH 

/ \C- 


(1) 


OH 


OH 
OH 


OOH 


(2) HOl 


OH 


/^\0 

11 

OH 


OH 


OH 


Again, a thud cxpiossion (3), lepresentmg 
gossypetm as an hydioxy quercetin, is available, 
thougli in this case gossypitone must he re- 
garded as an ortho- rathei than a ])aia-qumono : 


^ ( 3 ) 


-<f~ >OH 

nxT 


The glucosidcs picsent m cotton flowers have 
been examined by ]\ukin (Ohem Soc Trans. 
1909, 95, 2181), who m the first place employed 
tho Egyptian variety 9’he Egyptian cottons 
appear, according to the lesearches of Messrs 
Fletchei and Balls, to he derived from natural 
crosses of brown Peiuvian cottons with the Sea 
Island variety. 

A concentrated alcoholic extract of the flowers 
deposits on cooling a scmi-crystalline jiowdor, 
and this consists mainly of the potassium salts 
of two glucosidcs, quercimeritrm and gossypitnn, 
whereas a third gliicoside iso-quercitiin is present 
m the filtrate A rough separation of the latter 
from this mixture may also be effected by means 
of aqueous lead acetate, for m these circum- 
stances the precipitation of isoqucrcetm does 

> This compound, more recently synthesised by 
Neirenstein (Chem. Soc. Trans 1915, 107, 872), Is 
described as melting at 864®*-866®, and its hexamethyl 
ether at 146^-147“. 
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not occur, at least to any extent The isolation 
of quercimeritim and especially of gossypitrin 
in a pure condition from these flowers is however 
of too tedious a character to be described here, 
and for details of the processes involved the 
original paper must be consulted 

Querci7neritrm C^iHooOj^* 3ILO, melting- 
point 247°-249°, consists of small, glistenmg, 
bright yellow plates, insoluble in cold and faiily 
readily soluble in boiling water. Its alkaline 
solutions possess a deep yellow tint , with 
aqueous lead acetate it gives a biight red 
precipitate, and with feme chloride an olive- 
green colouration Octa-acefi/lquaci^neritiWy 
needles, CJ2iHj20io(t'2EjO)8, inelting-pomt 214°- 
210°, 18 sparingly soluble in alcohol, wheieas 
mo nopotass i urn queictmeritav, a ’yellow powder, 
can bo obtained by means of alcoliohc jiotassium 
acetate By hydiol^sis with ddute sulphuiic 
acid queicimeiitim yields quercetin and glucose 
accoidmg to the following equation — 

^ 21^^2 0^12 ^ 6 ^ 12^6 
and IS thus analogous to quercitriii which in this I 
manner is convcited into queicctm and rham- 
nose 

On wool moidantcd with aluminium, tin, 
chionuum, and iron, (lucicimeritiin gives the 
following shades — 

Alumtn i am. Titt C ^hnmt i um 

Oiange-yellow. Biightoiango Reddish- blown. 
lion 

Olive- brown 


And these results aio interesting, because witli 
the exception of the iron moidanted pattcin, 
which 18 of a latluu' bi owner character, the 
colours thus produced closely resemble those 
which aic given by queicctm itself when dyed 
in a similai manner 'I'lioy are widely diileient 
from those given by rutm and quercitim, and 
mainly as a result of this piopcrty theie can be 
little doubt that quercimeritrin is to be repre- 
sented by one of the two following formulae . — 


CeH,(OH)4 O, 


/ 

I 

OH 


, O 


\c- 





«<’0" ''r-O' 

\/\ /con 


OH 
OH 


Quercimeiitiin is also piesent in the flowers 
of the Pi anas emaujmata ? (Finnemore, Phaim 
J. 1910, (IV ), 31, 604). 

Gossypitrin C2iHj()0,„ only isolated with 
considerable dilficulty is moie readdy piepared 
fiom the G neglect um (see below) When ciy- 
stallised fiom dduto acetic acid it contains 
2 H 2 O of crystallisation, and is readily dissolved 
by hot water, but on boiling this solution yellow 
needles of the anliydious substance, melting- 
point 240°-242°, sepal ate When anhydrous it 
does not absorb water of crystallisation from 
moist air, but on boiling with acetone the hair- 
liko needles are broken up into much finer 
needles, which when dried at 100° possess 1 
molecule of water of crystallisation. Such a 
preparation melts at 200°-202°, and when dried 


at 160° on standmg m air now absoibs watci. 
Pi’eparations possessing this lower melting-point 
can be obtained in other ways, and it is accoid- 
ingly evident that gossypitiin exists m two 
111 toi changeable modihcations 

Gossypitrin dissolves m alkalis with a pak' 
yellow eoiouiation, and gi\cs with lead acetate 
a deep led ])rccipitate Jt is almost insoluble 
in boiling acetone, a property which readily 
distinguishes it from quercimeritrm, which is 
fairly soluble in the lattei solvent 

Acetyl qosAt/pitrin H , ^ O j {(C^H Al) 9 > coloui - 
less needles, melt mg -point 226°-228°, is almost 
insoluble in alcohol 

When hydrolysed with dilute sul])huiic acid 
gossypitiin yields gossypctin and dextioso 
according to the equation — 

HjO— Cj^HioGgH-GgllijOa 
'riio shades given by this glucosidc on moi- 
dantcd wool die as follows . — 

Ghronmim Aluniimam Tin lion 

Reddish- Hull Blight J)aik 

blown yellow oiange olive;brown. 

Gossypitrin reacts, like gossypctin itself, with 
benzoquinone, and yields m this way a cpiinone 
to which the name Gassy piti one 
been assigned 'Thrs consists ol maioon-colouied 
needles, which possess no detmite melting-pomt, 
although fusion of the prodiut occuis about 
255°-259° By the action of waim dilute 
sulphurous acid solution it is icc on veiled mto 
gossypitiin, and the same change appeals to 
occiu in the dyeing procos, foi the shades 
produeed aic identu al with those yielded by this 
latter glucoside It is consideied piobablc tliat 
the sugar gioiip of goss\})itim is att.ichcd to its 
tetiahyclioxybenzeno nucleus, though until the 
exact natuie of this has been decided, its position 
is nccessaiily unceitam 

Isoqueicit) in ^U^O, crystallises 

fiom dilute alcohol in pale yellow needles, 
melting at 217°-219° It is spaimgly soluble 
in water, and dissolves m alkahiu* solutions with 
a deep yellow tint, but its most mteiesting 
piopeity is Mie fact that with aijucous leail 
acetate solution it gives a bright yellow pi(‘- 
cipitate entiiely distmit from the deep led 
deposit which is produted m tins manner fiom 
the isomeiic quercimeritrm 

Again, though moie readily susceptible to 
hydrolysis than the latter glucoside, it yields 
identical products — 

Hyemg experiments with isoqueicitim give 
shades entiiely distinct from those given by 
quercimeritrm, and these, although vslightly 
paler, resemble those yielded by quercitim. 

Chromium Aluniinium. Tin. Iron, 

Brownish- Golden- Lemon- Biownish- 

yellow yellow. yellow. olive. 

The propel tics of this substance indicate 
that its sugar group is not attached as in 
quercimeritrin to the phloioglucinol nucleus of 
quercetin Indeed, it is piobably constituted 
similarly to* quorcitrin, which, however, contains 
a rhamnoso m the place of the glucose 
residue Three formulas are possible for iso- 
quercitrin, which may be briefly expressed by 
tiie statement that the position of the sugar 



404 


COTTON FLOWERS 


residue in respect to the quorcotm group is at 
one or other of the points in the following which 
are marked with an asterisk : — 

'J’he aqueous extract of the Egyptian cotton 
floweih employed in this investigation gave by 
hydrolysis with acid I 8b p c of crude colouiing 
matter, and in this apinoximately 10 p c of 
gossypetin was present Dyeing experiments 
with the flowers in the usual way gave the follow- 
ing shades 

Chromtttm Aliiinimum Tin. lion. 

Reddish- Orcen- Orange- Olive- 

brown. yellow brown brown. 

and these though duller were somewhat similar 
in character to those given by qucrcimentrin 
In comparison with the shades similarly pro- 
duced from other natural dyes, they most nearly 
resemble those of the so-called ‘ Patent Bark,’ 
a preparation of quercitron bark in which 
quercetin and no queicitrin is present. 

Among the typers of cotton flowers there are 
(a) rod, (6) pink, (r) yellow, and {d) white 
flowered plants In the offspring of eioas 
between (rt) and (c) there occum in the second 
and subsequent genoiations red and yellow 
plants which breed puie, whereas in the off- 
spring of a cross between (a) and (d) all foui 
forms oceur which breed pure As a supple- 
mentary investigation to that of the Egyptian 
flowers the petals derived from such pure plants 
occuinng among tlie-oflspiing of one or other 
of these crosses have been examined (Perkin 
Chem. 8oc. Tians lOlb, 109, 145) (cp. Leake, 
Proc. Roy Soc 1911, (B), 83, 147) 

The typos wore as follows red flowered, O. 
arborcum (Linn ) ; pink, G sanguincum (Harsk) , 
yellow and white, two varieties of 0 neglect um 
(Tod), usually now treated as one species but 
originally described as G neglect am and G 
roftarum. As a lesult it has been found that 
the red flower’s of G aihoreum contain if>oqucr- 
citrin, quereirneritrm and gossypitrm in this 
case being absent, whereas in the yellow flowers 
of G tiegleclatn, gosbypitrin and iboquercilriv 
were present, and qucrcimei’itrin appeared to 
bo absent (3n the other hand, the white flowers 
of G neglectum and the pink flowers of O sangut- 
neum gave but traces of colourmg matter too 
small for complete identification, though the 
respective products obtained resembled m their 
properties apigenin and quercetin An examina- 
tion of the ordinary Indian cotton flower, G. 
herhaceamy available only in small amount, gave 
the same results as the G neglectum 

Gossypetin is also present in the flowers of 
the Ihhiscm bobdariffa or ‘ red sorrel ’ of the 
West Indies, a small shrub which ls widely 
cultivated throughout the hotter parts of India i 
and Ceylon (Perkin, Chem. Soc Trans 1909, 
95, 1855) The stems yield the ‘ Rozelle hemp ’ 
of commerce, and this is obtamed by letting the 
twigs as soon as the plant is m flower The 
yellow flowers are just capable of dyeing yellow, 
but are not used at all m India for this purpose ; 
on the other hand, the red calyces are employed 


for dyeing in an obscure degree in two remote 
parts of the country (Burkill, Agricultural Ledger, 
Calcutta, 1908, No. 2, 13). A O. P 

COTTON SEED OIL is obtamed on a large 
scale from the seeds of the several species of the 
cotton tree, Gossypiam. In the United States, 
Gobbypium hirmium (Liim ), ' Upland cotton,’ 
covered with ‘ Imters,’ is extensively cultivated, 
whereas the plant grown in the Sea Islands and 
in Egypt is G hamadense (Linn ) The Indian 
I variety of cotton seed is generally assumed to 
; be G herhaceum and G arbor earn, whilst the 
South American cotton plants are frequently 
I classified as a separate species, G acuminaium 
, or pcruvianum Formerly the seed not required 
I for planting was mostly wasted, as the oil con- 
I tamed therein could not be icfined Cotton seed 
; oil was first expressed m this country m the year 
I 1847. Smee then the industry has assumed such 
' enormous dimoiLsions that the annual import 
of cotton seed to this country from Egypt, the 
East Indies, and South America amounts to 
more than 600,000 tons , m addition very con 
siderable quantities of cotton seed oil are im- 
ported from the United States, which produce 
almost 200,000,000 gallons of oil per annum, of 
which approximately 50,000,000 gallons aie ex- 
ported to Europe 

The seed contains, on the average . — 


Oil . 



Per cent 

. 20 0 

Water 



85 

Proteins . 



. 20 0 

Carbohydrates . 



. 32 0 

Crude fibre 



. 15 0 

Ash , 



. 45 


The proportion of oil m the seed vanes con- 
siderably with the origin of the seed Thus 
Egyptian seed contains up to 24 j) c of oil , 
East Indian seed on the average only 18 p c , 
Amencan ‘ Uplands ’ and Jamaica seed 23-24 
p c ; and Brazilian and Peruvian no more than 
20-21 p c of oil The seeds consist on an average 
I of 60 p c of kernel and 40 p c of husk. 

I A distinction must be made between seed 
I which must bo decorticated before crushmg, 

I owing to the fine ‘ liiiter,’ which cannot be 
I icmoved leadily, and seed which is ciushed m 
the undecorticated state Undecorticated seeds 
are chiefly crushed m England, France, and 
Germany, from Egyptian, Bombay, and also 
Smyrna seeds, wheieas the vast majority of the 
Amencan ‘ Upland seed ’ must be decorticated 
before being crushed In some European 
establishments Bombay seed is decorticated 
before crushing. 

The keinels (‘ meats ’) are jiermeated with 
cells containing a deep-brown colourmg matter ; 
hence the ciude cotton seed oil runmng from 
the hydraulic presses has a ruby-red to almost 
black colour The depth of the colour of crude 
cotton oil depends, m the first instance, on the 
state of freshness of the seed The American 
seed, which is, as a rule, crushed shortly after 
having been harvested, yields a crude oil of a 
much paler colour than that of crude oil obtamed 
m England, France, and Germany from Egyptian 
seed The palest Egyptian crude oil is ootamed 
from fresh seed amving m October. When the 
seed 18 stored it undergoes deterioration (‘ heat- 
mg,’ which may also occur during the voyage ) ; 
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honce the crude oil obtained from Egyptian 
seed in July and August has a very dark colour. 

In the American trade three grades of crude 
cotton seed oil are recognised, viz. ‘ prime,’ 
‘ choice,’ and ' off ’ qualities The crude oil is 
refined by treatment with a dilute caustic soda 
solution, at a temperature not exceeding 120° F , 
whereby the free fatty acids are neutralised ; 
the soap so formed falls to the bottom and 
carries with it the brown colounng matter, so 
that the supernatant oil is of a bright-yellow 
colour. The oil is then washed free from soap, 
or, in the case of a techmeal oil, is treated 
with bleaching powder, to yield the bnght- 
yellow Oil of commerce. The first qualities of 
cotton seed oil which arc not bleached with 
chemicals are used as edible oils, and are con- 
sumed in enormous quantities either as such, as 
a cooking oil, for tinning sardines, table oil, &c , 
or in the manufacture oi lard substitutes, under 
such names as salad oil, sweet nut oil, butter oil 
The last-named product is chiefly used in the 
manufacture of margarine and compound lard 

Official methods for analysing cotton seed 
oil, and tests for determining its behaviour when 
refined or bleached, have been published by the 
Interstate (Jotton Crushers’ Association, USA 
(Oil, Paint and Drug Rep , 1913, June 30 ; 1914, 
33) 

Cotton seed oil is, at the ordinary tempera- 
ture, a pale-yellow oil of characteristic, but not 
unpleasant, taste. At about 12° ‘steanne’ 
deposits This ‘ steanne ’ would mterfero with 
the use of cotton seed oil as a table oil or salad 
oil ; therefore the ‘ steanne ’ is removed on a 
large scale by cooling the oil to a low tempera- 
ture, and filtenng oft the deposit The filteied 
oil IS known in commerce as ‘ winter oil ’ (‘ de- 
margannated cotton seed oil ’). According to 
the requirements of the market, it will not 
‘ cloud ’ at 40° F. or 32° F , or even at 28° F The 
sp gr. of cotton seed oil ls 0 923-0 925 at 60° F 
The saponification value vanes from 190 to 193, 
and its iodine value from 105 to 116. 

9'ho solid fatty acids in cotton seed oil consist 
chiefly of palmitic acid , small quantities of 
arachidic acid seem to bo jiresent, but stearic 
acid appears to bo absent Tho liquid fatty 
acids would seem to consist of oleic and linolic 
acids only. 

Cotton seed oil eminently typifies a semi- 
clrying oil In tlie Livache test {see Oils and 
Fats) it absorbs 5 9 p c. of oxygon m 24 hours. 
By blowing air through cotton seed oil at a 
bernperatuie of about 90°-100°, oxygen is 
absorbed, with the formation of a small amount 
r)f oxidised acids, the acetyl value of the oil 
rising at the same time considerably. This 
reaction is used on a large scale in the propara- 
/lon of ‘ Blown Cotton Seed Oil ’ (see Oils and 
Fats), which is used in considerable quantities 
as a lubricating oil in admixture with mineral 
3ils, to produce the ‘ Marine Lubricating Oils ’ 
3f commerce. 

Cotton seed oil hardened by hydrogenation 
8 used as a solid fat in the manufacture of 
margarine A typical commercial hardened 
111 melts at about 38°, and has a saponification 
/able of about 196 and iodine value of about 70. 

A reliable test for the identification of cotton 
eed oil, and for theMeteqtion of it in other oils 
ind fate, down to even 1 p.c. (under favour- 


able circumstances), is tho Halpliin colour test, 
which is carried out in the following manner : 
1-3 c c. of the oil 18 dissolved m an equal 
volume of amyl alcohol ; to this is added 1-3 
c c of carbon disulphide, holding in solution 
I pc. of sulphur flowers The test-tube is 
immersed m boiling water, or, better, in boiling 
brine, the carbon disulphide bemg allowed to 
evaporate off In the course of 5-20 minutes, 
a deep-red colouration appears, the intensity of 
which stands in direct proportion to the amount 
of cotton seed oil m tlie sample. The reagent 
which produces the colouration appears to be an 
impurity m the amyl alcohol, and tlie test may 
be rendeied more delicate by substituting 
pyridine for amyl alcohol. In this way as little 
as 0 25 p c of cotton seed oil may be detected 
(Gastaldi, Giorn. Farm Chim. 1912, 61, 289) 
Although tho test cannot be used as a quantita- 
tive one, yet it must be considered, if positive, 
a** one of the best means of recognising the 
presence of cotton seed oil qualitatively. A 
negative Halphen test is, however, no conclusive 
proof of the absence of cottonseed oil in a mixture, 
as the colouring matter is destroyed by heating 
cotton seed oil to 250°, or by keeping it at 20Cr 
for some piolonged time, or by ‘ blowing ’ it. 
Hence ‘ blown cotton seed oils ’ do not show the 
Halphen colour reaction. J. L 

COTTON SEED, COLOURING MATTER OF. 
Cotton seeds contain, in addition to cotton-seed 
oil, a phenolic substance gossypoly which remains 
dissolved in the oil when this is expressed 

By extraetmg the oil with caustic soda and 
neutralising tho solution thus obtained a 
voluminous precipitate separates which consists 
of the colouring matter admixed with fatty 
acids, and the products of its own oxidation. 
For the isolation of gossypol March lewski (J. pr. 

I Chem 1899, 60, 84) employed a partially 
i purified preparation of this character from which 
the mam bulk of the fatty acids had been 
eliminated By extraction with ether, repeated 
crystallisation from glacial acetic acid, and from 
a mixture of alcohol and 60 , c. acetic acid, it 
was isolated in the form of small yellow prisms. 

As the result of analyses of this substance 
dried tn vacu6 over sulphuric acid, Marchlewski 
suggested two formulae, O13HJ4O4 and ^’321134010, 
and of these the first is considered preferable. 
Preparations dried at higher temperatures ap- 
peared to suffer alteration as they thus became 
darker, and had then a lower melting-point. 

Thus the gossypol when quickly heated melted 
at 188°, but when previously dried at 125°-130°, 
at 179°-180°. It is easily soluble in the usual 
organic solvents, and dissolves m sulphuric acid 
with a cherry-red colouration, a reaction by 
which its presence in cotton-seed oil can be 
detected In alkalis, gossypol dissolves with a 
yellow colouration which rapidly changes to 
violet, and then slowly fades The ready 
susceptibility of alkaline gossypol solutions to 
air oxidation accounts largely for the impure 
nature of the crude colouring matter isolated 
by such reagents from the oil, and it appears 
that if care is taken in the process, it is possible 
to obtain ft much cleaner material m the first 
instance. An alcoholic solution of gossypol 
gives with ferric chloride a dark -green colouration, 
and with the neutral and basic acetates of lead 
a deep-yellow precipitate. The analysis of the 
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load salt corresponded to Ci3Hi204Pb. Accord- 
ing to Marchlewski, gossypol yields amorphous 
acetyl and benzoyl derivatives and appears to 
possess two hydroxyl groups It contaias no 
methoxy groups, and is not a glucoside It 
dyes iron mordanted material a grey shade, but 
the product obtained by a careful oxidation of 
its alkaline solution jiossesses, it is stated, 
tinctorial pioperties of gi eater impoitance. 
(xossypol can be employed on cotton fabrics as 
a moidint for the basic colouring mattei’s 

F K (^arruth (Amcr Chem J 1018, xi 4, 
(UV) isolates gossypol fiom the decorticated 
cotton seed kernels which liave been crushed by 
rollers before they arc ‘ cooked ’ in the oil mill 
From these a consideiable amount of oil is 
lornoved by percolation with ligroin, and the 
residue is then extracted with ether and the 
extract evaporated The product is now 
treated with one-half to one-third its volume 
of glacial acetic acid, and on keeping for soine 
days, or more quickly by gentle warming, 
crystals of qo'isypol acetaie separate Foi 
purification it is dissolved in ether, glacial 
acetic acid is added, and the solution evaporated 
until crystallisation commences 

To obtain gossypol itself an ethereal solution 
of the acetate is treated with water, and the 
ether distilled olf n’he gossypol thus lemains 
suspended in the water as crystalline (i lists, 
and may be rr ci ystal Used fioin alcohol 

A second interesting method consist*: in 
adding aniline to an etheieal extract of cotton 
seed The solution after warming on the water- 
bath gradually deposits on staniling an orange- 
yellow inicrocrystalline precipitate, which ap- 
parently consists of an aniline salt of gossyfiol, 
(W4.O9, 2( V4NH, or 2C3 oH,sOo, SFJf.NH, 
The yield is niactically quantitatiye, and the 
process may be used to estimate gossyyiol in 
extracts of cotton-seed products 

To regenerate gossypol from the aniline 
compouncl, it is dissolved in hot alcoholic 
potassium hydroxide, and the aniline removed 
by steam distillation From the alkaline liquid 
the gossypol ls precipitated on acidification, 
and may be purified by convei’sion into the 
acetate according to the method given above 
Gossypol acftatf, a molecular compound of 
gossypol and acetic acid is evidently the sub- 
stance described by Maichlewski as the free 
colouring matter It is a comparatividy stable 
substance, and when heated does not evolve 
acetic acid readily below I8tF Its formula 
determined by alkali titration is 

C3oir2,Oe, C3H4O, or C.olhoO,, , 

Hone*' gossypol itself is CgoTIg^tOg or F^oIIa^iOg, 
and this result is in harmony with other analytical 
figures given in Carriith’s paper 

arotonutr, ^ D3 (K> OH,, 

IS obtained as glistening crystals when gossyjiol 
18 cb&solvcd in acetone, and the solution con- 
centrated Like the acetate it is a stable 
compound, and when heatecl at 140°-150° it 
alters but little in weight 

Acetyl and benzoyl den vatives of gossypol 
could not bo obtained in a crystallmh condition, 
but as a result of their examination the evidence 
was suflicicnt to indicate that four or five hy- 
droxyl groups are present m gossypol When 
gossypol IS heated to 1S6"-190'^ it fuses with the 


evolution of vapour, and then solidifies to a 
black mass On treating the residue with ether 
a spanngly soluble yellow crystalline compound 
B. gossypol separates, which is much less toxic 
than gossypol and melts at about 246°-248‘^. 
Agam, by fusion with alkali, a second new 
crystalline substance C, gossypol can be obtained, 
and this, which is soluble in alkalis with a blue 
colour is probably closely related to the purple 
oxidation product of gossypol referred to above 

(^otton-sced meal which has been submitted 
to the ‘ cooking process ’ loses much of its toxic 
property, and contains then practically no 
gossypol By cxti acting this product with 
aniline, the aniline compound of J) gossypol 
which crystallises in orange-yellow prisms can 
be isolated 

Alcoholic potash converts this compound 
into D gossypol itself, yellow crystals, which 
daiken and soften at about 250°. 

From the cooked meal 1 2 p c of the aniline 
compound can be obtained These products 
have not as yet been closely examined. 

A 0 r. 

COUCH GRASS or Triticum, Agiopynim B P, 
Tlie dried rhi/ome of Agropyron tepen^ (Beauv) 
fs fiequently adulterated with Cyjwdon Daftyloi} 
01 dog grass A common weed in pasture and 
arable kind Usisl in jibarmaey Therapcutie 
v.ilue obsiMiie 

COUMARANE GROUP Leuco-benzoyl 
coum.irano — 


accoiding to v Kostaneda and his co-woikeis 
IS piobably tlie mothoi substaruc of the <‘atochm 
pie,sont in (lambier cateehii, though the coirect- 
ness of this view has not yet beiui fully estab- 
lished Coumrnano or hydro-coumarorip^ the 
inner anhydride of o-bydioxyplienj^l ethyl 
alcohol — 


CJl/ 


OH 


was first prepared by Alexander (Bci 1892, 25, 
2409) by reducing coiimarone in alcoholic 
solution with sodium — 


>CH 


Conmarone 


O.H,/ )CH, 

Coum.irano 


It forms a colourless oil, boiling-point 188°-189°, 
and gives in sulphuric acul solution by addition 
of feme chloride a violet colouration Stoermer 
and Gold (Bor 1903, 36, 2873) have obtained 
coiimarane and its bomologues by the action of 
sodium on o-bromo-])henol brom-cthyl esters 
accoiding to the following equation — 





]GH2 

CH^Br^ 


+ Na2=| 


- 'CH, 


+2NaBr 


By the interaction of coumarane and benzoyl 
chloride m the presence of aluminium chloride 
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4 benzoyl-coumarane, colourless crystals, melting- 
point 44° — 


OH 

"C.CH^ \( 


IS produced (v. Kostanecki, Lampo and Mars- 
chalk, Bcr 1907, 46, 3660), and when reduced 
m alcoholic solution, the leuco-bcnzoyl-couma- 
rane above referred to is obtained AGP 

COUMARANDIONE, COUMARANONE v. 

Ketones. 

COUMARANONE GROUP. Though colour- 
ing matters derived from coumaranone (kcto- 
cumaran) have not as yet been isolated fiom 
natural sources, there is some probability of 




and from the analogous resacetophenone de- 
rivative other hydroxy compounds of this group 
were obtained later. These are of an orange 
or orange-red colour, as a rule form oxomum 
salts, and those possessing tinctorial property 
dye alum mordant a much more orange shade 
than the flavono colouring matters 'fhero is 
indeed a close resemblance m this latter respect 
between these compounds and the colouring 
matters deprived from chalkone — 


I I OH, 


"CeV YJOII^ Y'FF/ 

Kotornmarcin Cum. nan. 

their presence m certain flowers, and they are 
not only historically connected with the earlier 
attempts to synthesise the flavom^s, but have in 
certain instances been successfully eon veiled 
into flavonols. 

Coumaranone (1) is obtained (Friedlander and 
Noudorfer, Ber 1897, 30, 1077) by boikng acetyl 
o-hydroxyacetophenone bromid(‘ (2) with an 
aqueous suspeiiMon of chalk, or by the action of 
dehydrating agents on phenoxyacotie acid (3) — 


uooc 

(Friedlander, Ber 1899, 32, I8(i7), and consists 
of colourless needles, melting-jioint 97° It 
condenses with ben/.aldehyde in the pie.senco of 
hydroehloiie acid witli formation of ben/ylidenc- 
eoumaranone — 

'^C=0HaH, 


CO : CH-CH— C.H, 

(Perkin, (fliem Soc Trans 1904, 85, 1465), for 
butein (a tetrahydroxy chalkone obtained from 
th(‘ litUea fiondosa) and the 3 4 3"' 4' tetia- 
hydroxybcnzylidene coumaranone of Fiied- 
lander add Kiidt give <ilmost identical shades 
The beiizylidene coiimaranones dissolve in sul- 
phuric acid witli the production of a led or icd- 
violet colouration, and can thus again be dis- 
tinguished from flavones which in this manner 
gi\e either colourless or pal" yellow solutions 
In 1896 Kesselkaul and v Kostanecki (Ber 
29, 188()) suggested that judging by its colour 
reactions the colouiing mattei’s of Fricdlandci 
and Hudt were not, as these authors suggested, 
flavone but lather coumaianone deiivatives, 

' and the true constitution of thc'se substance's 
became evident on the synthesis of flavone 
itself by Feuerstein and v Kostanecki {I c ) 

\ That benzylidenecoumaranones can be con- 
j verted into flavanol deiivatives has been shown 
I by Auwers and Muller (Ber 1908, 41, 4203), and 
this tiansfoimation is discussed undei FlavonOO 
Goumaranone is also mteiestmg the source 
of ox-indigo — 


which was at first eonsideied by Friedlandei 
and Neudorfer (Ber 1897, 30, 1077) to consist 
c.C flavone On substituting protoeatechuic 
aldehyde for benzaldehydo these authors 
obtained the dihydroxy compound — 

/4\ 

U\ 

\ CO / 

and this is a strong dyestufl which gives on alu- 
minium mordanted fabrics an orange, and with 
iron and chromium mordants brown-coloured 
shad as. 

The first colouring matter of this group was, 
however, prepared m 1896 by Fricdlandcr and 
Rudt (Bcr. 29, 878) from chlorogallacetophcnonc 
and benzaldohyde — 

OH OH ^ 


' the oxygen analogue of mdigotm This crys- 
i talhses in yellow piisms, but docs not possess 
! any tine tonal value 

I Analogous colouiing matters can be obtained 
fiom diketohydrindcmo (ludandione), this also 
possessing the reactive methylene group, with 
.ddehydes Thus by heating this compound 
with piotocatechuie aldc'hyde at 110°- 120° v 
Kostanecki piepared the clihydroxybenzylideno 
dc'i ivativc — 

CO OH 

which consists of browmsh-ycllow needles, 
melting-point 257°, soluble in alkaline solutions 
with a red-violet colour and gives yellow shades 
on aluminium moidanted fabrics 

From indoxyl also m a similar way Perkin 
and Thomas (Ghem >Soe Trans 1909, 95, 798) 
prepared dihydroxy ben'/aldehydeindogenide — 

( CH<^ \OH 

I J_C0 / 
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cr3rstallising in orange-red needles, and produc- 
ing with aluminium mordanted fabrics dull 
scarlet shades 

CJuilkone or bcnzylidoneacetophonone is 
readily prepared by the interaction of aceto- 
phenone and bcnzaldchyde (Olaisen, Bor 20, 
257)— 

CeH.CO CH3-fCeH,rOH 

-> OeHg CO CH^CHOH-CeHg 

It consists of yellow rhombic prisms, melting- 
point r)7°-58°. 

When submitted to liydrolysis it is recon- 
vcited into the aldehyde and ketone, a reaction 
which IS the reversal of tliat given above — 

C.UsCJOCH CH(^«Hg 

m CH, CH-OH-CeHfi 

OJIs-CO 

CeKgCOH+H.O 

By the employ mcnt of hydroxyacetophenones 
and hydro xybenzaldehydes, in general previously 
methylated, numerous clialkone derivatives 
have been obtained by v. Kostanccki and his 
co-woikers Only one natural colouring matter 
of this group, known as has at present been 

isolated, and the aynthcbicallv prejiaied com- 
pounds have been more specially inteiesting 
owing to then employment for the synthesis 
of the flavonol group of colouring matters 

Ry<i.n and O’Neill b;y the aid of diacetoresor- 
cinol have obtained dichalkone compounds 
Thus diacetoresorcinol dimethyl ether and 
ben/aldehyde form dihenzyhdendiacetoresor- 
cinol dimethyl ether, and this by the action of 
aluminium chloride is demethylated with pro- 
duction of the free liydroxy compound — 

CJI5 CH CII— CO—l^— CO— CH CH C^Hg 


hydroxyketone, when gallacetophenone dime- 
thyl ether (Woker, v Kostanecki, and Tambor, 
Ber 1903, 30, 4235) or qumacetophenone mono- 
methyl other (v. Kostanecki and Lampe, ibid 
1904, 37, 773) are condensed with bcnzaldchyde 
in the presence of sodium hydroxide the respec- 
tive flavanones (1 and 2) are thus directly 
obtained — 


OMe 


MeO 


( 1 ) 








On hydrolysis the flavanones yield chalkones, 
a reversal of the equation given above The 
reaction in these cases is not unidirectional, and 
the convemion of flavanone into chalkone, or 
clialkone into flavanone, is never complete 

(flialkoncs which contain hydroxyls in the 
ortho position to one another, in the position 
3' 4' are powerful colouring matters, whereas 
flavanones possessing similar hydroxyls are not 
dyestutfs, as indeed then constitution indicates 
During the dyeing opciation, employing mor- 
danted woollen material hydiolysis occurs, with 
subsequent chalkone production, and the shades 
produced by them aie in reality those derived 
from the latter Flavanone crystallises in small 
colourless needles, melting at 7r)°-7b°. 

Biomflavanone (1) by elimination of hydro- 
bromic acid readily yields flavone (2) — 


(1) 


'V 




\(.Q/CHBr 


It was obtained as yellow crystals melting 
at 19()°-198° 

Intercstmg is the fact shown by these authors 
that liy a vanation in its method of pre]iaia- 
tion four distinct vaiieties of this didialkono 
can he produced Whereas three of these desig- 
nated as a, jS and 5 are stcreo-isomcrs, the fourth 
or 7 variety is structurally related to the other 
three 

When 2-hydroxychalkono is digested at the 
boiling temperature with alcoholic sulphuric acid, 
flciKuwiie (dihydroflavone) is produced according 
to the following scheme • — 


rii- 


r> 

\/- 


-co- 








-C.H, 


and this is the method generally adopted for 
the synthesis of flavanone derivatives On the 
other hand, though as a rule a chalkone only 
IS produced by the interaction of aldehyde and 



and, again, flavanones may bo converted into 
flavonols. A G P. 

/CH-CII 

COUMARIN I (1, 2) 

^ 0 — 00 

was obtained by Vogel (Gilb Ann 04, 1(51), m 
1820, from the tonka bean (the seed of Ihpteryx 
{Cmmiarouna) odorata^ Willd ), or from the 
mclilot {Mehlofm offitinahsy Lam ), and from 
the woodruff {Asjx^rula odoraia^ Lmn ), but was 
mistaken by him for benzoic acid Guibort-, 
however, showed that the crystalline odoriferous 
pnnciple of the tonka bean was distinct from 
benzoic acid, and named it coumarin. It occum 
m Penstrophe an qnf,fi folia (Nees), Achyhs in- 
phylla (D(! ), and in many other plants, and is a 
normal constituent of lavender oil. It is present 
m plants as a glucoside, which is decomposed by 
a ferment present in the plant. This ferment 
IS destroyed by alcohol or boiling water (MoIlsIi, 
J Pharm. (^.him. 1902, 279). 

It was first obtained synthetically by Perkin 
by heating the sodium compound of sahcylalde- 
hyde with acetic anhydride (Chem. Soo. Trans. 
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1868, 63) ; or more simply by boiling together 
salicylaldehyde, acetic anhydride, and dry 
sodium acetate [ihtd 1887, 388 ; see also Tie- 
mann and Herzfeld, Ber 1877, 284) Acetyl 
coumanc acid is first formed : 


^CHO 


OH 3 CO- 

3 ^ 


-CH : CH COOH 

h 

which then parts with acetic acid, yielding 
coumann . 


=CeH4<^Q QQ ch/"'""" +W 2O 


jr . CII COOH 

^ «rt4-^0 CO CH 3 

/CH • CH 

=CeH4<; -fCH3-COOH 

\o to 


By treatmg salicylaldehyde ( I molecule) with 
excess of acetic anhydride (4 molecules) for (> 
hours at 180°, coumann is formed (Reychler, 
Bull Soc chim. 1897, 17, 617) 

Coumann is also formed in small quantity 
by heating a mixture of phenol and malic acid 
with sulphuric acid 

CH.COOH 

CJT, OH+ I 

CH(OH) COOH 

/CH CH 

\ 0 — CO 

(Von Pechmann, Ber 1883, 2119, 1884, 929, 
1()49) 

It h.os also been obtained from o-chloro- 
einnamic acid which is reduced electrolytically 
to o-chloro-hydrocmnamic acid and then heated 
with aqueous sodium liydroxide to 250°, when 
mclilotic acid is produced Thionylchloride 
converts mehlotic acid into melilotic anhydnde, 
from which coumann results by oxidation with 
bromine vapour at 270°-280° (Moyer, Beer and 
Lasch, Monatsh 1913, 34, 1(565) 

Substituted coumanns may be obtained by 
condensing phenols with acetoacetic ester or 
with malic acid in the pre-sence of concentrated 
sulphuiic add 

Tlio condensation of acctoacctic ester or 
malic acid with substituted phenols (containing 
alkyl, hydroxyl 01 dialkyl-ammo groups) gives 
good yields if the groups arc present in the 
positions as shown — 

X 

X,/'\0H 

V 

The condensation is, however, prevented by the 
presence of nitro, carboxyl or carbethoxy groups 
(Clayton, Chem. Soc Trans, 1908, 2018) It 
IS also very considerably affected by the concen- 
tration of the sulphuric acid used 

Coumann forms rhombic crystals melting at 
70° , boils at 290°-290 5° ; has a pleasant, aro- 
matic odour ; is scarcely soluble in cold water, 
readily soluble in boiling water, very soluble in 
alcohol and ether. Ci ude coumann may be 
purified by repeated boiling with liglit petroleum 
(Claassen, Pharm J 1897, 161). 

it dissolves m caustic alkalis, and is re- 
precipitated on addition of acids If, however, 
it is heated for some time with concentrated 


caustic alkali, or better, with sodium ethoxide, a 
solution is formed from which acids precipitate 

•7 CHCOOH 

coumanc acta CgH 4 <^QPf ( 1 , 2 ) 


This compound can bo reconverted into cou- 
maiin by heating it with acetic anhydnde ; but 
when heated alone it is decomposed, yielding 
phenol and other substances. Reduction of 
coumann with zinc in alkaline solution or sodium 
amalgam in aqueous solution yields mehlotic 
acid as the chief product , with sodium amalgam 
and alcohol hydrocoumanc acid ls formed 
(Williamson, J 1876, 587) 

On account of the differences shown between 
coumann and thiocoiimann. it has been sug 
gested that the two compounds should be 
represented bv the annexed formuh-e : 


C«H4- 


-0 




CH CH— C 


I >« 

ch=(;h^ 


(Clayton, (3iem Soc Trans 1908, 524). 

The thiocouyyiann is produced by heating 
coumann with phosphorus pentasulphide, and 
in contiadLStinction to coumann is coloured 
It also reacts with phenylhydrazine, yielding 
coumann phenylhydiazone (with elimination of 
hydrogen siiljihidc), which cannot be obtained 
directly from coumann itself Bor an account 
of the synthetic ben/otetromc acids (hydroxy- 
coumann caiboxylic acids), ,<?rc Anschutz, Anna- 
len, 367, 174 

In Germany, woodruff (Ger Waldmeistei) is 
steeped in white wine, to which it imparts the 
pleasant aroma of coumann {Maiwc'iv^ Mai- 
iiauk) Instead of woodruff, an alcoholic solu- 
tion of coumann is employed for the same 
purpose under the name of Maiwnnesfienz. In 
larger doses coumann is stated to have a narcotic 
action 

Coumann has the agreeable odour of aspenila, 
and IS used m peifumory for the preparation of 
asperula essence It is also frequently used to 
adulterate extract of vanilla {q v ) {v Lactones). 


COUMARONE CgH^ 


/0H\ 

\o/ 


CH. 


An oil ob- 


tained from the coal-tar fraction boiling between 
165° and 175° After the pynchno bases and 
phenols have been removed by acid and alkali, 
it is obtained as the di bromide on addition of 
bromine. The di bromide is i educed to coumaione 
by alcoholic potash and sodium amalgam 
(Kraemer and Spilker, Ber 1890, 78) It can 
also be obtained from this souice by adding 
picric acid to the mixture of oils, whereby the 
picrate of coumarone cry^itallises out This is 
.separated, decomposed by hot water or dilute 
alkali, and the coumarone obtained by steam 
distillation The picric acid is recovered and 
used for another operation (Oh Fab Act ges 
Hamburg, Eng Pat 1422 , I) R I* 53793 ; 
Ber. 1891, Ref 233) Ooumarono has been sun- 
thesised by heating o-hydroxy-w-chlorcinnameno 
0 H‘ 0 <,H 4 *(^H : CH(3 with potash, hydrogen 
chloride being eliminated (Komppa, Ber 1893, 
2968). Pb has also been prepared by heating 
phonoxyacetaldehyde with zinc chloride m 
glacial acetic acid (Stoeriner, ib'»d. 1897, 1700). 

Coumarone boils at 174 0 ° (corr.) (Perkin, 
Chem. Soc. Trans. 1896, 1249), It is unacted 
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upon by pota.sh or by hydrochloric acid. Sul- 
phuric acid reacts with coiimarone in benzene 
solution, producing a soluble resinous material 
paracounmronc ( 0314 ^ 0 ) 4 , which is used to pre- 
serve wood and paper Other polymendes are 
known Coumarono is of iiiteiost as, when 
passed through a red-hot tube with benzene, 
phenanthreno is produced, and with naphtha- 
lene, chrysene is produced (Kraemcr and 
iSpilker, Ber 1800,84) The methyl coiimaroncs 
are pieseiit in the coal-tar fraction of b p 185°- 
195° (8toermer and Boe-s, ibid 1000, 3013) 

COUMARONE RESINS. Technical Cou- 
marone resins are prepared by treating solvent 
naphtha with bulphiirie acid. They differ from 
the pitches by their leady solubility in acetone, 
and from the condensation products of phenols 
with formaldehyde by their solubility in petio- 
leum spirit and by not yielding phenol wdien 
heated with soda-lime at 200° They differ 
from the natural resins in being optically 
inactive, in having a lower meltmg-pomt, 
saponification valm* and iodine value. They 
arc classified foi commercial purposes according 
to their colour and hardness , those softening 
above 50° are termed ‘ very hard,’ bi'tween 40° 
and 50° ‘ hard,’ and between 30° and 40° 

‘ medium hard ’ Bor methods of their examina- 
tion, 6CC Maicussou, (ihem Zi'it 1010, 43, 100- 
122 , Analyst, 10 1 0, 41, 203 

If coumarono lesins are distilled under 
ordinary or nnchu i<'<luced pleasure they yield 
yellow oils between 150’ and 240°, consisting 
mainly of (“oumatone, or jiartially dejiolymenseil 
paracoumaione, together with indeno hydnndene 
and small cpiantities of phenol By treatment 
with condensing agents and catalysts these oils 
again yield resms v<irying in character with the 
natuie of the catalyst (’oumarone oils are not 
aiitoxidisable like drying oils, but when mixed 
with 4-0 p c of driers, such as the le^sinates of 
lead or manganese, they yield dry fdms O’he 
distinctive oxidation process of coiimarone oils 
IS to be attributed to indene (E ►Stem, Zeitsch 
angew (!hem 1010, 32, 240) 

COUPIER’S BLUE v In dulines. 
COVELLITE. Native cupne sulphide, CiiS, 
cry^t.illising in the hexagonal system Crystals 
are lare and have the form of thin six-sided 
plates. P^ine large eivstals have been found at 
Butte in Montana The mineral has a chaiac- 
teristie mdigo-bliie colour, hence the name?77c/?yo- 
coj^pp) (German, Kupfeniiihg) It occurs m most 
copper-mines as a blu«, earthy coating on other 
sulphide ores of copper, and is sometimes found 
m sufficient c[uantit)e,s to be of impoitancc as 
an ore, eg at Butte in Montana, and (^opiapo 
in Chile Covellite containing platinum (.iS 
the mineral speirylite, BtAsg) is mined m the 
Medicine Bow Mountains in Wyoming 

L J S 

COW TREE WAX Waxes 
COXPYRIN. Syn. for acetyl salicylic acid 
CRANBERRY, the fruit of Vamnmm 
Oxgcoeem (Linn ) 

American analyses give as the average 
composition of the berries 

Water Protein Fat Carhoiiy cl rates Ash 
88 5 0 5 0 7 10 1 0 2 

Konig giTOS Other 

Wat^r Protein Free acid SiiRar oarfiohydiates Ash 

89-6 0 12 2-3 1-5 63 0-16 


The juice of cranberries was examined by 
Mach and Portele in 1888 (Landw. Versuchs. 
Stat. 1889, 38, 69), who found a litre of the 
fresh juice to contain (m grammes) 

Invert Acidity (as Benzoic Tannic 

sugar malic acid) acid acid Ash Nitrogen 

87-1 19 0 0-75 2 2 3*0 011 

The sp gr. of the juice averaged 1 0591. 

The juice will not ferment with yeast, owing, 
it IS said, to the presence of benzoic acid, but 
this may be due to the poverty of the j'uice in 
nitrogenous matter, for Otto (Bied Zontr. 1899, 
28, 284) found that bilberry juice would only 
formeht vigorously with yeast after the addition 
of asparagine (about 0 6 gram per litre) or of 
ammonium chlonde (about 0 3 gram per 
litre) 

Rising (Bled Zentr 1915, 44, 163) found m 
cranberries, benzoic, isovaleric, malic and citric 
acids, fermentable sugars and a glueoside — 
vaccmiw Bz. The amount of sugar 

varied from 57 to I04pc, and that of benzoic 
acid from 0 108 to 0 455 p c The keeping 
cpialitios of the fruit are de])endent upon the 
amount of benzoic acid present 

The pigment of the cranberry consists of an 
anthoeyaiiin — a compound of galactose with a 
eyanidm, the chloride of which has the com- 
position ('islJiiOgl^ ( Willst.ittoi, kSitzungber 
K Aca<i Wiss Berlin, 1914, 12, 402). 

(Maassen [ihid 16, 70) isolated a latter sub- 
stance from cranberries, to which ho gave the 
name onjcoccin^ and which he found to give 
reactions similar to those of arbutin 
occurimg in the leaves of the led beaibeiry, 
Arcto.daphylos Uva-vm (Sjireng ) 

The ash of eranberiy juieo contains about 
3 p c of phosphorus pentoxide and 47 p e of 
pot»ash H I 

CREAM OF TARTAR v Tartaric acid. 

CREATINE, Methylglycocyaminf, Meihylgva- 
ninoacetic acid HgN C(NH)NMe C02H,H.,0 
discovered by Chevrcul (Annalcn, 1835, 4, 293) 
m muscular Oesh (xpeay— flesh), occurs in 
human flesh, m the flesh and blood of many 
warm and cold blooded animals and in urine 
(Liebig, Annalen, 1847, 62, 257 ; (Gregory, ibid 
1848, 64, 105 ; Schlossberger, ibid 1848, 66, 80 , 
Volt, Z. Biol 1868, 4, 77 ; Pnee, Chem. Soc 
Trans 1851,3, Marcet, 1864,2,406; Eolin 
and Denis, .1 Biol Ohem 1914,17,488, Rose, 
tbid 1911, 10, 265); the amount vanes with 
the species and the organ ; the flesh of fowl 
yields 3 21 p c ; of pigeon, 0 825 pc, cjf ox, 

0 697 p c. ; of ox heart, 1 375 p c , of herring, 

1 324 p c. , and of brill, 0 614 p e (Gregory, I c , 
Beker, Zcitsch physiol. Chem 1913, 87, 28 ; 
according to Myers and Bine (J Biol, (’hem 
1913, 14, 9-12) it IS constant for a given animal 
Okuda, 8th Int Cong App. Chem. 1912, 18, 275. 

According to Bolin (Amer J. Physiol 1905, 
13, 45, 66, 117), van Hoogenhuyze and Ver- 
ploegl (Zeitsch physiol Chem 1908, 57, 161), 
Mellanby (J Physiol 1908, 36, 447), muscular 
creatine has its origin in the liver This organ is 
continuously forming creatmme from substances 
earned to it by the blood from other organs, and 
in the developing muscle. This is changed to 
creatine, until the muscle is saturated with 
creatine, when the excess of creatinine is 
excreted by the kidneys. Cf., however, Folin 



CREATINE. 


411 


and Dems (ihid, 493-496 and 500-601) who 
suggest that creatine is part of living vertebrate 
protoplasm and the creatine of muscles a post- 
mortem product, and that creatinine elimination 
IS a measure of the total normal tissue metabol- 
ism and independent of any special function of 
the liver ; see also Myers and Fine {ihid 1913, 
15, 283-285 and 301-304) , Inooye (Zeitsch 
phvsiol Chom. 1912, 81, 71-79), Kicser {ibtd 
1913, 80, 415-453, and 1914, 90, 221-235), 
Myers and Fine {ibid 1913-14, 16, 109, and 
ibid 1915, 21, 377) , Rose and Dimmitt (J 
Biol. Cliem 1916, 20, 345) ; Baumann and Hines 
(J Biol Chem 1917, 31, 549). The cieatmo is 
piesumably combined with the muscular proto 
plasm, for though a readily dialysable substance, 
it does not pass into the sunoundmg lymph or 
blood m vitro, nor is it readily obtainable by 
diffusion from muscular flesh (IJrano, Beiti* 
Chem physiol Path 1907, 9, 104) OJ , how- 
ever, Folm and Denis (J Biol Clicm 1914, 17, 
499 ) ; Leo and Howe (Pio Amer Soc Ibol 
Chem 1912-13, xlui For the origin of urinary 
creatine, see Benedict and (J.storbtrg (J. Riol 
(Jhem 1914, 18, 105) , Myers and Fine (ib/d, 
1913, 15, 301) 

In order to extract cK'atme, the flesh is heated 
with its own weiglit of water at (>0°, and the 
juice expn'ssed Th(> fli'^li extract is then heated 
to coagulate the jiiotein, and filteied , t he filtrate 
IS treated with basic lead acetate until no fuither 
precipitation oceuis, and again filtered after 
removing the exees.s of lea<l from the filtrate by 
sulphuiettod hydrogen, when it is evapoiated 
until creatine separates on cooling ; this is waslied 
with alcohol and reerystaUised fiom water 
(Neubauer, Zeitseh anal (‘hern 1863, 2, 26; 
1867, 6, 33) (Irratme may be prepared by the 
decomposition of creatinine 7mc elilondc liy 
means of calcium hydroxide (Benedict, J Biol. 
Chem 1914, 18, 186) 

(heatine is prepared synthetically by heating 
sarcosmo with cyanamide at 100^^ 

CN NH,-f NHMe (!H. (T),H 

-:NH ('(NHJ NMe CH, COgH 

(Volhard, Z Ohem N F 1 869, 5, 3 1 8 , iStrecker, 
J. 18()8, 68()) , oi, together with creatinine, by 
fusing sarcosiuc with guanidine carbonate (Paul- 
mann, Beilstcm fSuppl i 657) 

Oroatino forms colourless transjjari'iit mono- 
climc prisms, containing IH^O, whicli it loses at 
100° ; it dissolves in 74 4 parts of water at 18° , 
or in {)810 parts of cold absolute alcohol, and 
18 insoluble in ether (Liebig, Annalen, 1847, 62, 
257) Heat of combustion at constant pressure is 
4240 caloiios (Kmeiy, Benedict, Amci J Physiol 
1911, 28-307) The presence of urea, creatinine, 
or certain salts, raises the solubility of creatine in 
water and alcohol (Neubauer, I c ) Tlie aqueous 
solution IS neutial, and has a luttei, iiarsh 
taste 

Creatine is decomposed by boiling baryta 
water into sarcosme, urea, and mothylhydantoin 

NIT 0(NH,) NMe CH, (‘O^H f H,0 

=CO(NIl 2 ),-f NHMe CH., CO JI 

.NMe CHg 

CO(NH 2 ),+NHMe-CH 2 COaH-^CO^ I 

• CO 

(Neubauer, Annalen, 1866, 137, 294) j or by 
mercuric oxide and water into oxalic acid and 


methyl guanidine , or by heating \\ ith soda-limcu 
into ammonia and methylamme. Treated with 
mercun j acetate in presence of sodium carbonate 
it yields a-methylguanidinoglyooryhc acid NH, 
C(NH) NMe CO (‘02H,2H20 ; glistenmg flakes, 
m p 203°-204° (Baumann and Ingvaldsen, J. 
Biol Chem 1918, 35, 277) When potassium 
hydroxide is added to an aqueous solution of 
cieatme and silver nitrate until the white precipi- 
tate first formed just redissolves, tho liquid 
solidifies to a transparent gelatinous mass im- 
mediately reduced on heating, or in the course of 
a few hours at the ordinary temperature The 
addition of potassium hydroxide to a solution of 
creatino and mertiirie chloride preeipitates a 
white crystalline compound ((\Il 8 C 2 N 3 ) 2 Hg,Hg() 
(Engel, (‘ompt rend 1874, 78, 1707 , 1875, 80, 
885) Cieatmo is converted into creatimne by 
heating with dilute mmeial acids for some hours 
(J)esbaignc.s, J 1857, 544), or at 1 17°for 15 minutes 
(Benechet and Myers, Amer J Physiol 1907,18, 
362) , or by boiling down to dryness the solution 
of creatine to which has been added an equal 
volume of liydioi hloiic acid (Benedict, J Biol 
Chem 1914, 18, 192) , or by heating with water 
only m scaled tubes at 100° for 2-3 days (Ncu- 
hauer, Zeitsch anal Cliem 1863,2,33) 8moio- 
dinccv (J Russ J^hys (‘hem Ccs 1015, 47, 
1275-9) obtained a double salt of silver nitrate 
and creatinine, (‘ 4 H 7 ()N 3 'AgN(), (decomposes 
188°-191°) on treating puie cieatine with silver 
nitrate in a sliglitly acid .solution 

Creatine foims soluble noiinal salts with the 
mineral acids (J >ossaignes, Annahm, 92, 409), 
and re.idily soluble eompoimds with zinc 
chlori(l(‘ C 4 H gO .NjjZnCl^ > and cadniiiim chloride 
(^4 140 ,N 3 ,Cd( ) (Neubauer, ibid 137, 

300) 

Cieatmo is not usually estimated directly , 
it IS conveitcd into cicatinmo {<{ v ), and esti- 
mated as such ; for tlic estimation of creatme 
m 111 mo, V Benedict (.1 Biol (‘hem 1914, 
18, 192) and Walpole (J. Physiol 1911, 42, 

301) , who makes use of the fact that a pale red 
colour IS given by alkaline .solutions of creatme 
and not by ereatinme when a trace of diaectyl 
IS added For its estimation 111 blood v Gieen- 
wald (Proe Soc exp Biol Mini 1917, 14, 115) 

a-GimmnopiO'pionic acid, aln 'll ratine 

NIL (‘(NH)NH CHMe*C(4,H 

from alanine and cyanamide (Baumann, Annalen. 
1873, 167, 83), an isonioiide of ciCcatmc foims, 
.sparingly soluble prism.s 

The homologues of creatine are prepared by 
the action of cyanamide on the eoi 1 espondmg 
ammo-acid m the jiroscnce of ammonia, e g 
a-ami noca pi o< yami n e 

NH, C(NH)NH CH(C02H)CH2 CHMgj 

from Icucmc and cyanamide (Duvillier, Compt. 
rend 1886, 103,211 , 1887, 104, 1290). Accord- 
mg to Duvillier (I c ) methyl- 01 ethylammo- 
acids yield with cyanamide tho correspond- 
ing creatinine Tho creatine is formed only in 
tho case of inethylglycoemo and j3-methyl- 
aminopropionic acid, the latter yielding methyl- 
alacrcxiti^e NHo*C(NH)*NMo CHMe-COaH (Lin- 
denborg, J. pi Chem 1875, [2] 12, 253). This 
generalisation is not confirmed by Gansser 
(Zeitsch. physiol. Chem. 1909, 01, 16), who 
obtained tho creatinine and not the creatme 
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from o-methylammopropionic acid and cyana- 
raide, but prepared ^-mdhylguamnojyro'pionic 
acid NH2-C(NH)NMe*fCH2]2'C02H,H20, mp 
201°-202°, from cyanamidc and jS-methylamino- 
propionic acid, and y-ynethylguaninohutync acid 
NHj, C(NH)NMe [(UlJgCJOgll, mp 307°, from 
cyanamide and 7-methylaminobutync acid. 

Formaldehyde and creatine yield the com- 
pound C«IIii 03N^,2H20, dccomjiosmg at 250°, 
and forminjr a dihcnzoyl denvaiivc 
m p 205°-2()(F (Ja{T6, Rer 1902, 35, 2890) 

PJdh al yld icreat ? n e 

NTT'C(NH) NMe CPI, OOJPl^ 

has m.p 212° (Urano, Beit. Chem Physiol Path 
1907, 9, 183). Duiceiylcreatine 

NH 0(NHAc)NMe OHo CO,Ac 

has m p 105° (p]rlenmeyor, Annalen, 1895, 284, 
50) MAW. 

CREATININE, Mcthylghjcocyam tdme 
^m\e OHo 
0 NH I ‘ 

\NH * CO 

discovered by Liebis: m human mine (Annahm 
1847, 02, 208), the amount excreted beinpr 
20-30 mg per kilo weight of body per diem 
(Koch, Amer J. Physiol 1905, 15, 1), is also a 
constant constiUicut of the mine of hoi-sc^, 
eows, dogs, pigs, and rabbits , it is found in 
muscle (Shaflor and Reinoso, Pioc Soc Biol 
Chom 1910, 7, xxx , Meyers and Fine, J Biol 
Chem 1915, 21, 383) and 000111*8 m small quan- 
tities 111 the flesh of fish, about 0 2 p c in the 
case of cod (Poiilsson, Chem Zentr 1904, 11 
30) , for other estimations, ,src Okuda (8th Int 
(/Ong. App (9iom. 1912, 18, 275); and tracCvS 
(0 000098 pc, (<ooper (Jolls, J Physiol 1890, 
20, 107) arc found m the blood According to 
Folin and Denis (J Biol Chem 1914, 17, 487) 
normal human blood contains 1 mg creatinine 
and 0-8 mg of creatinine and creatine per 100 
grs. blood In domestic animals it is about the 
same; in birds 0 1 mg creatinine but 11 mgs 
creatinine and creatine Tt is probably a noi mal 
constituent of all soils (Shorey, J Amer Chem 
Soc 1912, .34, 99-107, Sullivan, J Amer Chem 
Soc 1911, 33, 2035-42) and vegetable matter 
(Oshirna and Aiiizumi, J Coll Agric Tohoku 
Imp Univ 1914, 6, 17-25) 

Under normal conditmns, the excretion of 
creatinine is constant fiorn day to day and hour 
to hour (Shaffer, Amer J Physiol 1908, 23, 1) , 
it IS not affected by diet or exercise (Folin, ihid 
1905, 13, 45, 06, 117 , Pekelhaiing, van Iloogcn- 
huyze Verplocgh Proc k Akad Wetensch, 
Amsterdam, 1905, 8, 363 , Klercker, Beit Cliern 
Physiol Path 1 906, 8, 59) Tt is now generally 
regarded as one of the end products of endo- 
genous nitiogenous katabolism, the liver con- 
tinuously forming creatinine from substances 
earned to it by the blood, c/ , howeVer, Folin 
and Denis (J Biol Chom 1914, 17, 500-501), 
part of this creatinine furnishes the muscular 
creatine by the change it undergoes m the 
developing muscle, v Creattxe ; the rest is 
excreted by the kidneys (Folin, I c , Hellanby, 
J Physiol 1908, 36, 447 ; Lefmann, Zeitsch 
physiol Chem 1908,57,476) Tn cases of fever 
or starvation, the amount of urinary creatinine 
19 increased, the matenal wanted for contraction 


I 


being drawn from the muscular j^roteids (Pe- 
kelhanng, van Hoogenhuyze Verploegh, l,c. ; 
Leathes, J. Physiol. 1907, 35, 205). In cancer 
of the liver, the urinary creatimne is diminished 
and the creatine is increased (Mellanby, he. 
cit ) 

Creatimne is extracted from urine by 
evaxiorating to one -third the onginal volume, 
decanting from the salts that crystallise out, 
precipitating with lead acetate and filtering, 
removing the lead from the filtrate and precipi- 
tating the croatmine as the sparingly soluble 
double salt with mercuric chloride. This is 
separated, decomposed by sulphuretted hydro- 
gen, and the creatinine crystallised from the 
filtrate as the hydrochloride (Maly, Annalen, 
1871, 159, 279) , or by precipitating it as creatm- 
ine potassium picrate with subsequent decom- 
position of the double salt ( Folin, J Biol Chem. 
1914, 17, 463-467, Benedict, ibid. 1914, 18, 
184-190) 

P’or extraction from the body tissues and 
fluids, scp Uostantino ((9iem Zentr 1915, 11, 
287, from Arch farm sper 1915, 19, 254-258 ) 

Creatinine bears the same rolaf-ion to creatine 
as hydantoin to hydantoic acid 


C()< 


.NHj 

NH CH,, CO JI 
Hydantoic acid 


CO^ 


NH 00 
NH CH2 


Ilydantoin 


/^NH, 

0 Nil , cr 

\NMeCH,C0,H " 
Creatine 


^NH 00 
NH I 
\NMe OHg 
Creatinine 


and is prepared by boiling creatine with dilute 
mineral acids for some hours (Liebig, Annalen, 
1847, 62, 628) or by heating at 117° for 15 
minutes under pressure (Benedict and Myers, 
Amer. J. Physiol 1907, 18, 362), or by boiling 
down to dryness with an equal volume of 
hydrochloric acid (Benedict, J Biol Ohem 
1914, 18, 192) 

(’reatimne can be prepared synthetically by 
heating guanidine car Donate wnth sarcosine at 
140°-160° (Horbaczewski, J l^harm Ohim 
1885, 86) A quantitative yield is obtained 
by heating N-methylglycocyamine with an 
organic acid (D R P 281051, from J Soc 
Ohem. Ind. 1915, 34, 637) 

By heating creatinine with silver nitrate and 
baryta in excess on the water-bath for about 
an hour a nearly quantitative yield of methyl 
guanidine can be obtained (Fwins, Bio-Ohem 
J. 1916, 10, 104). By oxidation with mercuric 
acetate it yields a-methyl guanidmoglyoxylic 
acid (Baumann and Ingvaldscn, J. Biol Ohem. 
1918, 35, 277) 

Oreatinme forms anhydrous monoclinio 
prisms soluble in 11*5 parts of water or 100 parts 
of absolute alcohol at 16° (Tncbig, l.c ), and 
separates on slow evaporation of dilute solutions 
in square plates containing 2HaO (Salkowski, 
Zeitsch physikal Chem 1880, 4, 133) It is a 
weak base, displacing ammonia from its salts, 
and forming soluble salts with the mineral acids 
(Liebig, I c ), the picrate C4H70N3*CflH307N3, 
m.p. 212°-213°, crystallises in sparingly soluble 
yellow needles ; the acid picrate 


C4H70N3-2G3H307N3 
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has m p (Mayerhoffer, Wien. Kim. 

Woch. 1909, 22 [3)); the 

(C4H,0N3)/0,He0« 
decomposes at 207°-209‘^ ; the oxalate 
( 04 H,ON 3 ), 

18 sparingly soluble in alcohol (Poulsson, Chem. 
Zontr. 1904, ii 30) Creatinine forms charac- 
teristic double salts with platimc chloiide 
(C 4 H 70 N 3 ,HC 1)2 PtCl 4 , orange-red plates, m p 
220°-225° , with auric chloride 

C 4 H 7 ON 3 HCl AUCI 3 

yellow crystals, m p, 170‘"-174° , with potassium 
picrate C 4 H 7 ON 3 CgllaO^Ng K(^gH 207 N 3 , lemon- 
yellow prisms, 100 jiarts of watei dissolve 0 1800 
part of the salt at 19''-20° , with zinc chloiido 
(C 4 H 7 ON 3 ), ZnClj, almost insoluble in alcohol 
(Hcintz, J“ 1847, 48, 883), with mercuric 
chlorido 4 (C 4 H 6 HgON 3 HCl) 3 HgCl 2 , 2 H 20 (John- 
son, Proc. Roy ^oc 1880, 43, 493) 

Creatinine is converted into creatine by the 
action of cold dilute ammonia or calcium 
hydroxide solutions , or on treatment with 
iodine (Reichardt, Pharm Zeit 1911, 60,922); 
boiling baryta solution convex ts it into ammonia 
and methyl hydantoin , with alkaline oxidising 
agents it yields metliylguamdine and oxalic acid, 
but IS comparatively stable towards acid per- 
manganate solutions (Jolles, Bei 1902, 35, 100) 
The piesence of cieatimnc in dilute solution 
or m urine can be detected by { 1 ) Maschke’s test 
(Zeitsch anal Chom 1878, 134), which consists 
m the formation of a spaiingly soluble double 
compound of creatinine and cupious oxide, 
when the suspected solution is heated at 50°-C0° 
with Fehling^s solution , tis the cuprous oxide is 
formed by the oxidation of part of the creatinine, 
it is advisable to add a little glucose to the 
mixture , the test is sutiiciently delicate to 
allow of the detection of creatinine 

(2) Weyl’s test (Per 1878, IJ, 2175) consists in 
the jiroduction of a ruby-icd colouration, 
changing to yellow when, to a solution of 
Croat mine, a few drops of 10 j) c. sodium nitro- 
prusside and the same quantity of 10 p c sodium 
hydroxuh' 01 carbonate solution are added On 
acidifymg the solution with acetic acid and 
boiling, the colour becomes emerald gieen, 
changing to blue, due to the formation of 
Prussian blue (Salkowski , (^olasanti, Oazz 
chim ital 1887, 17, 129). Guaresehi (Bei 
1888, 21, Ref. 372) has shown that this reaction 
IS given by other compounds than creatinine 
containing the — CO CH, — complex (3) 
Jade’s te^t (Zeitsch physiol Chem 1880, 
10, 399) IS the production of a deep-red colour, 
when prcnc acid and an excess of sodium 
hydroxide solution are added to the liquid 
containing the creatinine Chapman (Chem 
News, 1909, 100, 175) has shown that the 
colour Ls duo to the sodium salts of amino- 
dimtrophenol (picramic acid), and diamino- 
mtrophenol formed by the reduction of the 
pienc acid by the crcatinme ; if the creatimne 
is present m excess, reduction to the colourless 
tnammophenol occurs. 

The older methods for the estimation of 
creatinine were based upon the isolation of the 
base m the form of its sparingly soluble double 
salt with mercuric or zme chloride, and either 
weighing the precipitate or estimating the metal 


or the lutrogen m the compound (Ncubauer, 
Aniialen, 119, 35, Salkowski, Zcitseh physiol. 
Chem. 1886, 10, 113; Giocco, Chem Zentr. 
1887, 17 , Kolisch, tbid 1896, 1 814 , Ladd and 
Bottcnheld, Amer Chom. J, 1898, 20, 809) 
Edleson (Chem Zentr 1909 , 1 108) recommends 
precipitating the sulphate in the piesence of alco- 
hol and ether, dissolving it m watci, and titrating 
the solution with standard barium hydroxide 
solution, using phenol phthalein as indicator. 

3’lie method generally adopted for estimating 
creatinine in uiine is Polm’s colorimetric method, 
based on Jaffe’s leaction (Zeitsch physiol Chem 
1904, 41, 223) N/2 potassium dichromatc 

solution IS placed to a height of 8 mm in one 
tube of a Dubose q coloiimeter ; 100 c c of the 
urine is jdaced in a 500 c c llask with 10 c e of 
a 1 2 p c solution of picric acid and 5 c c of a 
10 p c solution of sodium hydroxide, left for 
a few minutes and made up to the mark. If x 
IS the length of this solution in the second tube 
required to give the same colour clTect as the 
8 mm. of the standaid dit hi ornate solution in 
the first tub(‘, then 8 1 X of cieatmme 

in the 10 c c of the urine If x is less than 5, 
only 5 c c of urine should be used , if a is greater 
than 13, then 20 cc of uiine should be used 
If creatine is also i)rescnt in the urine, the 
amount may be estimated by first deteimimng 
the creatinine as above, then conveiting the 
cieatme in another 10 c c of the urine to 
creatinine by heating it with 5 c e of N/2 H(3 
on the water-bath foi 3 lunii’s 01 foi H) minutes 
at 117° undci pressure (lienedict and ]VI>crH, 
Amer J J^h^s 1907, 18, 3b2), 01 by boiling down 
to diyncss with an equal volume of hydrochloiic 
acid (Benedict, J Biol Chem 1914,18,191-194), 
and estimating the total creatinine 'I’hc differ- 
ence between the two results represents the 
amount of cieatinnu' ('qmvalciit to the cicatinc 
oiiginally present (For precautions to be 
obseived legarding tcmpciatuie, time, and 
dilution, in applying this method for the estima- 
tion of creatinine, compaie C'hapman, Chem 
News, 1909, 100, 175 ) Folm and Morns (J 
Biol Chem 1914, 17, 469-473) recommend the 
use of a standard solution of creatimne instead of 
a dioliioniate solution; see also Folm and Doisy 
{ihid 1917, 28, 349-356) , Gcttler {tbid 29, 47) 
The presence of dextrose, acetone and aceto- 
acetic acid interferes with the final colour re- 
action and various suggestions have been mado 
for overcoming the difhculty (Graham and 
Poulton, Proc Roy Soc 1914, B, 87, 212 , 
Greenwald, J. Biol Chem 1913, 14, 87 , Rose, 
J Biol Chem. 1912,12,73-80) Moms, J Biol 
Chem 1915, 21, 201-208, recommends the pre- 
liminary piecipitation of cieatimne as the 
double potassium piciatc iSee Bauman and 
Ingvaldsen {ibid 1916, 25, 196-200) for the 
quantitative precipitation of creatimne with 
potassium picrate 

An isomende of creatimne, akmeatimne, 

NH - CO 

HN:i 

• CHMe 

was prepared m 1873 (Ber 6, 1371), and other 
isomerides have been described by Komdorfer, 
Arch. Pharm. 1904, 242, 620 ; Schenck, 
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ihid 1910, 248, 376, and 1911, 249, 463; 
Schmidt, tbid. 1910, 248, 568 ; Johnson and 
Nicolet (J. Amer Chem Soc 1915, 37, 11, 
2417) obtained two methyl glycocyamidmeH 
isomcnc with creatinine by the action of methyl- 
amine on the ethyl entoi of benzoylpscudo- 
othylthiohydantoio acid 

Two LsomoiiG were obtained 

by Dessaignes (Annalen, 1856, 97, 341) and 
Maickt‘1 {ibid 1865, 133, 305) by passing the 
nitrous fumes from the action of nitric acid on 
arscnious oxide into an acid solution of creatinine 
The less soluble a-mhoboc) mtininc (-34H8O2N4 
decomposes at 210'^, forming a colourless liquid 
that quickly solidifies to a brown mass liom 
which a new hose t'7lIi20,Njo (?) can be ex- 
tracted, it foiins a eiystallme lulraff, hydro- 
chhride, and 'plalmuhlo'ndv^ and yields lhe/>o6//io- 
derivattre (J4H7()2N4Br 9'hc moic' soluble fi-nitto- 
Mn'.rtatitiine ('4Hg02N4 melts at 195' to a blown 
liciuid and decomposes at 220° 

According to Kramm (Chem Zenti 1898, 1 
37), the yellow colour foimcd by the* intei action 
of sodium mtroinusside and sodium hydioxicle 
on creatinine (r/ Weyl, Hei 1878, 11, 2175), is 
due to the formation of a nifwsocuafifiwc 
04 Hg 02 N 4 , which can be isolated as a colourless 
eiystallme ])rccipitate by adding acetic acid 
to the yellow alkaline solution and shaking 
vigoiously. Ate 01 ding to vSchmidt and Ifeniiig 
(Arch Pharm 1912, 250, 345) this is an oxinm , 
thc'y find that on tieatmeiit with sodium nitrite 
in nitric acid solution creatinine yields a mixture 
of methyl hydantoin oxime, m 193 "-194°, and 
^•reatimno oxime, which begins to discoloui at 
250° but does not melt. 

The following aa/l- and (dh/l- deiivatives of 
cieatimne have been piepared Benzoyla<aU- 
nuiP pale yellow imedles, m ]> 

187° (Urano, Bcnti (diem Physiol P<ith 1907, 
9, 183) , niPthyl, dinathyl and himdhyl tualiunic 
and salts (Koiridoifer, Aieh Pharm 1904, 242, 
()41 , Kunze, Aich Phaim 1910, 248, 578-93). 

.NMo CII3 

Methyl creatinine HN | gives an 

^NMo CX) 

aunchloride, m p. 170°-171°, and dimethyl 
creatinine gives an aurieliloiide, in p 128°-129°, 
and a platiniehloridc, mp 177°-179° Accoid- 
ing to Kunze the constitution of diniethyl- 
/NMe OH. 


creatimne is MeN . C; 


\ 


NMe— CO 


it reacts as a 


tertiary base; elhylcrealimne 


-NH— CO 
if NEt I 
\NMe— (l^Ho 


(Neubauor, Annalen, 119, 50), see Henzerlmg 
(Arch Pharm 1910, 248, 594 , the jilalmi- 
chloride crystallises in monoehme plates, m p 
107°-211° , (thylcrejthnivehydTiodido, m p 217°- 
219°, diethylcreahmne platinichlonde 201°- 202°); 
methylarnino-a-hutyrocyamidine 


/-'NMe CHEt 
HN:C I 

\NH-C0 


. /' 


NEt CHEt 


ethylamino-a-hutyrocyarmdine HN : ^ 

✓NEt Cxi. 

ethylaminopromonocyamidine HN : C<^ I 

^NH CO 


CO 
NEt CHMe 


✓NEt CH 2 

elhtilarnmoiiceiocyamtdine HN : Cf I 

^NH'CO 

methylarninoisoi alerot yamidme 

✓NMo CH CHMe, 

HN:C< 






NH-CO 

✓NH CO 

a-amiitocapi oeymnidine C<; -NH | 

\NH CH fCH^KMc 

(Huvillier, Commit, lend 1882, 95, 456, 96, 

1583 , 97, 1486, 100, 916, 103, 211, 104, 

1290). — For Xantho-, Cniso-y and Amphi-crcaii- 
7iine y Xanihocnahnme. MAW 

CREOLIN. A disinfectant consisting of an 
emulsion of coal tar cresols with soap 

CREOSOFORM. A condensation pioduct of 
formaldehyde and creosote Usecl as an 
mtcinal antiseptic 

CREOSOL V Creosote, wood tar 
CREOSOTAL {dieosote eaibonale) is a mixtiiie 
of caibonates of the phenols jiresent in woed 
creosote, of which the chief aie guaiacol and 
creosol 

. It IS produced hy healing cnaisote with a 
benzene solution of caibonyl (blonde (phosgene) 
under pressiiie (Hey d('n, Fiig Pat 19074, 1890), 
but IS generally jiiepaied by passing jihosgeno 
gas tliiougli a solution of beechwood (leosoto 
in caustic soda solution Tlie taibonato 
s(‘parates as an oil, and is washed with dilute 
caustic soda and finally with watei 

Cieosotal is a viscid yellowish liquid, in- 
soluble m water, but soluble m alcohol, chloio- 
foim, Ixnzcnc', A'C (Aufiecht, Phaim Zeit 1908, 
53, 480) When it is boiled with caustic potasli, 
the odoiii of creosote is cVolved It is quite 
odourless, t.ustcless, and non-iiiitant in its action 
upon the mucous membrane, and is theiefoie 
much used as a substitute foi creosote in tlie 
trc'atment of bionehial alfections and jmeu- 
monia, especially m children (Weber, Pharm J 
68, 115, Toff, ibid 73, 414) The dose foi 
adults IS about ()0 giains daily, and it is usually 
given in an emulsion (Haefelin, Pharm Zeit 49, 
141) 

CREOSOTE or KREOSOTE (from /egews, 
con ti acted genitive of Kp^as, meat, and 0 - 00 ( 0 .^ 
I save or preserve). Wood tai, and coal tai, 
when subjected to distillation, yield fractions 
technically known as ‘ cieosote,’ both of which, 
the latter more especially, find extensive and 
important uses m the industrial arts 

Reichenbach, m the year 1832, apjdied the 
term ‘ kieosoto ’ to a substance derived from 
wood tar, and winch has been found to possess 
I>owerful antise[>tic properties , shortly after- 
wards, Runge cliscovered carbolic acid in coal 
tar, and the two products were, for a con- 
siderable time, legardcd as identical, similar 
compounds, howevei, have since been procured 
from other sources, and m order to prevent con- 
fusion, it has been suggested to restrict the use 
of the term ‘crecisote’ to the use in a genc3iic sense 
as referring to all the phenols ancl phenoloid 
bodies deiived indifferently from coal, wood, 
coke-oven, blast-furnace, and shale-oil tars. 
The enormous extension of the use of creosote 
oil from coal tar for the preservation of timber 
has resulted in the terms ‘ creosote ’ and ‘ creosote 
oil * being used commercially as meaning the 
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heavier distillates from coal tar and coke oven- 
tar, the oils from blast-furnace tar bomg dis- 
tinguished as ‘ blast-furnace creosote ’ 

Wood-tar creosote. The tar derived from 
the distillation of beechwood, when subjected to 
further distillation, yields certain fractions that 
are heavier than watei , and which, after agitation 
with solution of caustic soda, and separation 
fiom insoluble oils, aie boiled with free access of 
air m order to oxidise various impuiities present , 
the alkaline solution thus obtained is decom- 
posed with dilute sulphuric acid, the crude 
creosote which separates is again submitted to 
a similar alkaline and acid treatment, and the 
product finally distilled, reseivmg the fraction 
passing over between 200'' and 220° 

Tins lepiesents the ordinary ‘ wood-tar 
creosote ’ of commerce It is a complex 
mixture of phenoloid compounds, the proportions 
of which are materi«illy influenced by the method 
oiiginally fgllowed in distilling the beechwood 
from which it was obtained. 

Wood-tar creosote, when fleshly prepared, 
IS a colourless, tianspaient liquid of an oily 
consistency, and which retains its fluidity at a 
very low temperature , its sp gr varies from 
1 037* to 1 087 ; it boils at 20r)°-225°, and dis- 
solvers in about 200 parts of water ; its odour 
IS strong and penetrating, resembling that of 
wood smoke, or rather of smoked meat , it 
ref 1 acts light powerfully and bums with a veiy 
sooty flame. Wood-tai cieosotc is powerfully 
antiseptic, but its power of coagulating albumen 
has been denied , nevertheless, it pieseives 
animal substances as effectively as caibolic 
acid It IS le^s caustic than carbolic acid, and 
IS not poLsonous Wood-tar cieosoto may be 
legal ded as consisting of a mixtuic of compounds 
included in several homologous senes, chiefly 
of acid methylic etheis of catechol, find the 
presence of the following bodies has been 
established — 


Name Foiriuila 

Munohydiic phenols 
Phenol, (dibolic and CQlf 50 H 
Cresols, cresylir .icid) . , „ 

(1-2, 1-3, 1-4) (<^(,H4(CH3)0U 

Xylenols or idiloiols) p vr \ enr 
(1-3-4, 1 S ^ 

Ethyl phenol (1-2) (^ 8 H 4 ((' 2 *r 5 )OfI 

; Methyl ethers of dih> due phenols 
Guaiacol or methyl- 1 p rr f OCH, r 
catechol \ 

Cieosol oi methyl- } p tt /pii >. j 
homocatechol i ^ ^ OH 

mnjeuiyl homocate-^ C,n/CH)(OCir 3)2 

Homorreosol or di- 


omorreosol or di-7 Tr /pjr x (Of’H, 
methyl guaiacol < ® av'- 1 I 3/2 ) ( 


on "I 

Ethyl guai,vcol(l-3-4)(.:„Hj(02Hj) 

(Jocrulignol or pio-> p h cn m t 

pvl guaiacol ( ^ jii)? j Qj£ ^ ^ 
Methyl ethers of tnhydiic phenols 
1 0(’R 

OH 

Dimethyl - methyl-) p ,r 
pyiogallol f 

Dimethyl - propyl- 1 fOCHsj 

pyrqgallol (pica- jCgHatCgH^lloCH | 

/gCHa 

OH 


Boiling 

point 

182*^ 

203^ 

220*’ 

203° 

200 ° 

210 ° 

214°-128° 
230° 


Diniethyl-pyiogallol CgHg j OC 


Its) 

1 "’} 


mar) 

[ethyl -I 
gallol 


Methyl:propyl-pyro-|c,H,(C3H,){o^"’} 


241° 

253° 

265° 

285° 

290 ° 


Of these compounds, phenol is present in 
extremely small quantity, paracreosol in larger, 


and phlorol m notable proportion, but the two 
principal constituents of creosote arc guaiacol 
and creosol, although not cc^ually jucsent in all 
vancties , guaiacol, accoiding to Allen, pre- 
dominates in Rhenish cieosotc, whilst with 
Moi*son’s creosote fiom ‘ Stockholm tar,’ creosol 
is the chu‘f constituent Homocieosol and 
coeiulignol arc prasent m small C£uantity only, 
but, according to Gratzcl, the lattci bocly 
possesses such energetic and astimgent qualities 
that a single dioji placed on the tongue causes 
bleeding , pnnlied creosote should therefore bo 
absolutely fieo fiom tins compound, which may 
be dotecti'd by the blue colouration produced by 
barium hydroxide 

fl’ho less valuable poitions of wood-tar 
creosote were foiiml by A W Hofmann to 
lontam the methyl ctheis of pyiogallol and its 
honndogues , these bodies arc of jntei(*st from 
the rcmaikable colouiing mattei’s (originally 
discovered by Runge) which may bo derived 
fiom them by oxidation , thus, if the sodium 
derivative of dimcthyl-pyiogallol be mixed 
with the sodium deiivative of dimethyl-methyl- 
pviogallol and excess of sodium hydioxide and 
heated in the an, a substance called (upiUcriu 
(ic%(l IS funned, according to the following 
eipiation — 

(tyiioOah-l C,H,, 03-1-203=03511,, 0 . + 3 H ,0 

Eujuttomc acid has the constitution of a 
hexamethoxyl aiiiin C’j 5 ,H^(()('Jlj)„(), Rei- 
c hcnhach's ‘jiittical,’ (ailed by Wiclielhaus 
‘ eujuttonc,’ was a i^alt of cujiittoiiic acid 
Wood-tai creosote has heen met vith adultciatcd 
to a consideiablc extent with (ludc caibolic and 
ciesylic adds, and fiom the fact that the ic- 
actions of th(‘sc substances closely resemble 
those of wood cieosotc, the distinction between 
the two, c'spccially when in admixture, is 
attended with some difliculty Cenuinc beech- 
wood tai n soluble in solutions c)f caustic 
alkalis, and forms a ciystalline coinjamnd with 
potassium liydi oxide, but not with sodium 
liydroxide , on the other hand, it is piactically 
insoluble in stiong ammonia 

An alcoholic solution should give no coloura- 
tion whatex 01 (blue or led) with baiyta watei , 
such cohmiing indicates the presence of coeiu- 
lignol and otlier imfiuiities 

The composition of beechwood and oak 
cTcosotcxs, freed from hydiocarbons, is given by 
B^bal and Choay (Compt rend 1894, 119, Kib), 
as follows — 


1 

1 

Beech j 

Bench ' 

Oak 

Distilhition tem- 

1 



perature, °C 

200-220° 

200-210° 

200-210° 

Specihc gravity 

1 086 1 

1 085 

1 1 0()8 

Monophcnols 

39 0 

39 0 

1 55 0 

Guaiacol 

19 7 

26 5 

14 0 

Crcosols and homo - 




logues 

40 0 

32 1 

1 31 0 

Loss 

1 3 

24 

' *“ 


Owin^ to the demand for guaiacol for 
pharmaceutical purposes, wood-tar creosote, as 
it occurs in commerce, is frequently found to 
have been deprived of part or the whole of the 
guaiacol it contained. 
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IVlctliods for the determination of guaiacol in 
wood creosote are given by B^hal and Ohoay 
(Compt rend. 1893, 116, 197), M Adrian 
(Nouv. Rem. 13, 97) ; L. F Kebler (Amer J 
Pharm. 1899, 409) 

Wood-tar eieoaoto is sharply distmguished 
from the coal-tar acids by its lasolubiiity m 
absolute glycerol , it is also distinguished from 
the coal-tar acids by its reaction with an etheieal 
solution of nitrocellulose , shaken with half its 
volume of collodion, BP, Calvoit’s No 5 car- 
bolic acid coagulates the gun-cotton Morson’s 
creosote does not piecipitato the nitrocellulose 
from collodion, but mixes perfectly with the 
ethereal solution ; when a mixture of equal 
volumes of Morson’s creosote and Calvert’s 
No. 5 acid LS treated with the collodion, the 
precipitation is veiy marked. 

Creosote from coal tar and other sources. In 
pharmaceutical circles the term ‘ creosote ’ is 
still retained for products of the carbonisation 
of wood, but, generally speaking, it is recogmsed 
in industry as applymg to a mixture, consistmg 
principally of hydrocaibons distilled from coal 
tar, the latter being either of gasworks origin, 
or from the carbonisation of coal in coke ovens 
At the time when anthracene was a valuable 
commercial product, the fraction of coal tar 
contaiinng this material was usually collected 
separately, the crude antliracene being removed 
by filtration, and the oil separated therefrom 
bemg placed on the market under the names 
‘ anthracene oil,’ ‘ green oil,’ or ‘ heavy oil ’ In 
more recent times many tar distillers have 
found the lecovery of naphthalene unremuncra- 
tive, and this is especially the case where the 
crude tar is of such a nature that an appreciable 
proportion of solid paraflinoid hydrocarbons 
appears The whole of the antliracene fraction 
has theiefoie fiequently found its way to the 
creosote storage Otlier distillates of coal tar 
have also been passed into the creosote tan^ at 
various works, including the ‘ sharp oil ’ sepa- 
1 ated durmg the recovery of crude naphthalene, 
and the ‘ middle oils ’ or ‘ carbolic oils,’ after 
tioatment for the lemoval of ‘ tai acids ’ (ciude 
phenols) There is no very serious objection 
to this development, e.specially in view of the 
fact that mclusion of the anthracene fi action 
results in a mixture containing a large pioportion 
of high- boiling constituents Creosote of this 
nature ls employed in the United States for 
railway work, and has been exjjorted in recent 
tirnei? to that country m very large quantities 
by means of ‘ tankers.’ But exception must 
bo taken to the practice that has arisen in some 
cases whereby the cieosotc storage has largely 
assumed the character of a refuse pit for the 
disposal of various oils, and even tars, that are 
only marketable with dilliculty, such as blast- 
furnace tar, blast-furnace creosote, water-gas 
tar, &c It is probably most satisfactory to 
regard creosote as a fraction obtamod durmg 
the distillation of coal tar, either of gasworks 
or coke-oven origin, collected between the light 
oil fraction and the anthracene fraction ; it may 
or may not mclude the middle oils, or those 
portions of them remaimng after partial or 
complete removal of tar acids or naphthalene. 

Creosote from coal tar (gasworks). This 
consists, for the most part, of a mixture of 
liquid aromatic hydrocarbons with naphthalene. 


The naphthalene may be present in such small 
quantities that the oils retam it entirely in 
solution, or there may be so much of it, say up 
to 40 p.c , or more, that the creosote exists as 
a solid mass at 15® C. Phenolic and basic 
constituents are also present, together with 
small amounts of paraffinoid hydi’ocarbons. 
The creosote produced from tar that is made 
in London and the southern districts of England, 
where Durham and other north country coals 
are largely carbonised, contains considerably 
more naphthalene, as a rule, than that obtained 
111 more northerly districts, wlieie Midland coals 
are retoited On the other hand, the creosote 
obtained from Midland tar is far richer in tar 
acids than that made m London. So charac- 
teristic are these features that vanous cieosotcs 
are regularly known m the trade as ‘ Midland 
creosote,’ ‘ ordinary London creosote,’ &c 
Scotch creosote will be dealt with later. The 
carbonisation of coal m gasworks has, durmg 
the last few years, developed in several direc- 
tions. It was formerly the custom to work with 
‘ light charges’ of coal ui the retorts, with tho 
result that a relatively largo free-space existed 
between the surface of tho coal and the top of 
the retort But about 1911 tho practice was 
widely adopted of employmg heavier charges, 
whoieby the ‘ free space ’ was greatly reduced 
Tho lesult of this change of procedure was that 
the volatile pioducts of carbonisation experienced 
a much moio lapid journey to the ascension pipes 
of the retort, and consequently tho changes they 
underwent, due to thermal decomposition m 
the free space, were lessened. Tho effect of this 
change on the quality of the tar was very 
noticeable. The quahty of the creosote seems 
to be very similar to that resulting from ‘ light 
charge ’ carbonisation, but there is moio of it 
in the tar 'rho pioportion of naphthalene in 
the creosote is lower, while tho propoition of 
tai -acids is somewhat higher Tho average 
yield of cicosote from coal tar is roughly about 
20 p c of tho latter by volume 

Creosote being a mixture of many liydro- 
carbons, &c , it is not possible to give any 
definite figures for its physical and other constants, 
and tho more so as it is highly improbable 
that any two makes are identical. When a 
sample of good quality is distilled in the 
laboratory, the main bulk of it usually passes 
over between 200® and 300° C , the bulb of the 
thermometer being immersed in the vapour 
If the anthracene fraction be present there 
will bo a considerable rasidue at the latter 
temperature The calorific value is about 
16,050 B Th U The evaporating power (in 
actual practice, ‘from and at 212® F.’) is 12 0 
lbs. The flash-pomt usually lies about 170®- 
180® F (closed test). Tho refractive index of 
tho higher fractions should be above 1 *6 (Sage). 
Determination of the specific heat between 
30° and 100°G. gave the fa^re 0 398. The co- 
efficient of expansion per °F. is about 0*000455. 
The specific gravity usually hes between 1 030 
and 1 080. Creosote generally contains between 
0 5 and 0*9 p.c. of sulphur. 

Although these figures naturally differ with 
the vanous makes of creosote, and can therefore 
only be regarded as approximate, they, never- 
theless, are frequently found useful in industry, 
and several serve as evidence of admixture of 
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adulterants of a paraffinoid nature, such as have 
already been mentioned in this article. 

Creosote finds its largest application in the 
treatment of wood, especially railway sleepers, 
piles, and telegraph poles Its employment as 
fuel IS being very rapidly developed, chiefly m 
burners which servo to atomise the liquid, 
either by direct application of pressure,* or by 
means of steam or air under pressure. Numerous 
patents have been granted for such burners, and 
for further information on the subject, consulta- 
tion of such works as Brame’s Fuel may bo 
recommended. The employment of creosote as 
a fuel for Diesel engines, with or without pilot 
ignition, IS extending, and the ‘ Diesel Engine 
Users Association ’ has recently issued a 
specification for the quality of oil considered 
to be best suited for that particular purpose 
Creosote oil is (when freed from naphthalene) 
used in the preparation of disinfectants and 
sheep-dips. It ls also employed for generating 
artificial light in specially designed lamps such 
as the * Lucigon.’ 

Lamp-black is manufactured by partial 
combustion of creosote in a limited air supply 
Recent experiments seem to indicate the possible 
value of creosote as a soil steriliser 

The best known methods of creosotmg 
timber are perhaps those of Bethel, Boulton, 
Rupmg, Curtis Isaacs, Lawry, Rutgers In 
some of these processes the creosote is applied 
under pressure, occasionally after first placing the 
timber under a vacuum, and at other times the 
oil 18 employed at a temperature sufficiently 
high to boil the sap out of the wood tn 
vacud 

Many specifications for creosote considered 
to be best suited for this work have boon 
published ; probably the best known is that of 
Dr. Tidy. The advantages resulting from the 
creosotmg of timber are summarised by Tidy 
os follows • — 

Phijstcnl — Choking of pores, and thus render- 
ing the material non-absorbent of water. 

Biochemical — Inhibition of germ life. 

Chemical — Coagulation of albumen by the 
tar acids 

Probably most of the creosote sold for 
creosotmg at the present time is subject to the 
American ‘ Maintenance of Way ’ specification. 
The most important feature is the insistence on 
a largo proportion of high- boiling oils It is 
estimated that m 1913, 35,000,000 gallons of 
creosote were exported to the United States 
from the United Kingdom. At various times 
emphasis has been given to one or more of the 
following properties of creosote for treatment 
of timber : 

1. Maximum naphthalene content. 

2. Minimum naphthalene content. 

3 Tar acids. 

4. Proportion of higli-boiling constituents. 

It is considered that the life of railway 
sleepers is increased five-fold by creosotmg. 
Experiments by J. M. Weiss (USA.) {see J. 
Soo. Chem. Ind. 1911, 1348), show that coal tar 
creosote is more efficient as a preservative than 
is that from water-gas tar, in the proportion 
of about 6 to 1. Creosote is used for the treat- 
ment of wooden paving blocks, for which purpose 
it is valuable as a preservative and also as a 
means of rendering the blocks impervious to 
VoL. U.—T 


water, the absorption of which would give 
nse to expansion of the wood. 

The following are among the tests commonly 
applied to creosote — 

I Distillation. 

2. Liquidity of residue left after distillation. 

3 Water. 

4. 8olid matter (naphthalene, &c.) deposited 

at {)0° F 

5. Loss on evajioration under specified 

conditions 

6 ‘ Absorbent spot ’ — a drop of the oil being 

placed on blotting-paper, and examina- 
tion made for particles of ‘ free carbon ’ 
mdicative of adulteration by crude tars 

7 Tar ai ids 

8. Specific gravity, 

9 Colour. 

10 Fluorescence 

II Refractive index — serving to indicate 

presence or absence of paraffinoid 
hydrocarbons, or tars containing them. 

12 Flash point 

13. Mattel insoluble in benzol. 

14. Sulphonation 

(Of Sage, J Soc Cfiicm. Ind 1911, 588.) 

Creosote from coke-oven tar is very similar 
to that from gasworks tar. 

Oils from low-temperature processes of 
carbonisation. A great deal of work has been 
earned out m investigating the products of 
these systems Some of the processes are 
worked under partial vacuum. The volatile 
products of carbonisation are not subjected to 
the secondary thermal decompositions that are 
incidental to high-tempcraturo work in hori- 
zontal retorts, with the result that the proportion 
of aromatic hydrocarbons appoanng in the oils 
IS very much smaller, the specific gravity of 
those fr<i,ctions corresponding to creosote being 
lower than 1 000 The content of tar acids is 
very much higher, though there is but little 
actual phenol From the highest fractions 
solid paraffinoid hydrocarbons are frequently 
deposited. Work by Pictet and Bouvier, on the 
caibonisation of coal at low temperatures and 
in partial vacuum, points to the conclusion 
that the primary condensible producte are 
similar to the constituents of certain petroleums, 
consisting to a considerable extent of terpenes 
and naphthenes No solid aromatic hydro- 
carbons are present On subjecting these low- 
temporature tars to heat by passage through a 
tube or over red-hot coke, benzene, naphthalene, 
anthracene, &c , are formed, the resulting oils 
being very similar to ordinary coal tar creosote. 
According to Wheeler, ‘ vacuum ’ tar is largely 
a mixture of ethylenic, naphthenic and paraffin 
hydrocarbons, and homologue^ of naphthalene, 
together with phenoloid compounds, chiefly 
cresols and xylenols. Aromatic solid hydro- 
carbons are generally absent D. Trevor Jones 
concludes that the ordinary products of coal 
tar result from the action of heat on a tar 
which is formed in the first instance, and which 
is similar to that obtained under low-temperature 
conditions. The naphthenes, paraffins and un- 
saturated 'liydrocarbons are decomposed to 
produce olefines, which are at their maximum 
at 550° 0. The olefines vanish at 750° with the 
simultaneous appearance of naphthalene and 
of large quantities of hydrogen. Ho further 

2 E 
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concludes that acetylene plays an insignificant 
part in the formation of coal tar products. 
Low temperature carbonisation on the large 
scale yields a very oily tar amounting to 25 or 
more gallons per ton of coal This tar is rich 
in those oils corresponding in distilling range to 
the creosote of normal tar. In the carbonisation 
of cannel coal by such processes as much as 
50 gallons of tar is obtamod 

Creosote from vertical retort tar is charac- 
terised by its low content of naphthalene, its 
high content of tar acids (chiefly higher horno- 
logues of phenol), and the largo proportion of 
paraflinoid bodies present, the latter being 
sufficient to bring the specific gravity below 
1-000. 

West introduces steam dunng the process 
of vertical carbonisation, using continuous 
vertical retorts The yield of tar is increased 
very considerably and reaches 20 gallons per 
ton The tar is of low specific gravity and 
gives a large ‘ creosote ’ fraction The tars 
evolved during the carbonisation of coal in 
vertical retorts are not subject to such high 
temperatures as in the case of horizontal retorts 
Consequently those tars resemble, to a certain 
extent, the low-temperature products already 
dascnbed Similar remarks apply to the tars 
from blast furnaces and from power-gas producers, 
where coal is employed as fuel I 

Blast furnace creosote. This is sometimes 
known as ‘ plienoloid ’ It resembles vertical 
retort creosote in many ways 'fhe specific 
gravity of the hydrocarbons is low, the pro- 
portion of tar acids is high, reaching 20-35 p c , 
though there is little phenol The phcnoloids 
from blast-furnace tar, extracted by Watson 
Smith, contained only 1 33 p c of real phenol, 
boiling at 182°, whereas the tar acids from 
Lancashire tars yielded 65 p c of crvstallisable 
carbolic acid 

The fractions passing over between 210° and 
230° contain phlorol and crcosol, and those 
following at a higher temperatuie, viz 300°, 
furnish compounds allied to the eupittonic acid 
obtained from wood tar 

This creosote has a very strong and cha- 
racteristic odour Blast furnace creosote, and 
sometimes even the crude tar from which it is 
distilled, is often mixed with coal tar creosot-e, 
and several of the tests generally applied to the 
latter are employed for the purpose of detecting 
this undesirable adulterant 

Blast-furnace creosote oil is now produced 
in large quantities in Scotland It is employed 
to a certain extent for creosoting timber, in 
producing the ‘ Lucigen ’ hght, and as a liquid 
fuel. It furnishes from 20 to 35 p c of phenoloid 
substances soluble in caustic soda, as against 
4 to 7 p.c in London coal-tar creosote, and about 
16 p.c for Midland and country make Allen 
and Angus have secured by patent their use as 
an antiseptic under the name of ‘ neosote,’ a word 
signifying ‘new preserver’ (Eng. Pat. 11689, 
August 29, 1887) Experiments have shown 
that the substance compares favourably with 
carbolic acid, whilst its caustic properties, when 
applied to the skin, are much less marked 
When freshly prepared, the fluid is almost 
colourless, and bears a great resemblance to 
wood- tar creosote. 

Creosote from producer tar. -In cases where 


bituminous coal is gasified a tar is formed, 1 
creosote from which is similar in several respe 
to the blast-furnace oil. Tar acids and pa 
ffinoids are present in large quantity. 

Creosote from water-gas tar is characters 
by the absence of tar acids. It is usually r 
m paraffins, of low specific gravity, and m 
contain anthracene and naphthalene. 

Scotch creosote is characterised by its lai 
content of paraffinoid hydrocarbons and con 
quent low specific gravity. 

Em'ploipnent of cteosote oils for lighting 
Creosote oil has long been employed as a sou 
of light in the construction of harbours and o 
door work, where smoko was of little con 
quenco or inconvenience ; but when it is wisl 
to burn this oil to the greatest advantage a 
with the least possible amount of smoke a 
soot, it becomes necessary to employ lamps 
constructed that a jot of air or steam, more 
loss superheated, may be introduced in sue! 
manner as to ensure more perfect combiisti< 
Hartmann and Lucke (D R P 9195, Aug 
1879) constructed a lamp specially intended 
the consumption of creosote oils, in which the 
is automatically supplied to a dish-shaj 
receptacle, over which is placed a funnel-shay 
cylinder In the centre of the dish or recepta 
receiving the oil from its attached reservoir, 
placed a conical tube, reaching a little abr 
the surface of the oil, and through which a jet 
superheated or dry steam may be driven, 
using the lamp, the dish or receptacle leferi 
to is allowed to fill with oil , it is then ignited 
its surface, the funnel-shaped cylinder plac 
over it, and steam cautiously admitted throu 
the conical tube It will readily be seen tl 
the arrangement closely resembles the ‘ He' 
path blowpipe,’ with the difference that t 
steam is forced through a body of co 
bustible fluid, issuing just above its surface, 
place of air forced through a body or envelo 
of combustible gas, and issuing at a point 
position that may be called its surface 

The oil thus burns without wick or ehimm 
and affords a light of 1 80 standard candles, wi 
an hourly consumption of a little over 2 lbs. 
creosote. 

An apparatus for a similar purpose has be 
patented by Lyle and Hannay, under the nai 
of the ‘ Lucigen ’ It consists of an oil tank 
reservoir, fitted with a special burner at the t 
of a tube, which may be extended to any lengt 
into this reservoir compressed air is mtroduc 
by an mdiarubber pipe, so attached as to ma 
the ‘ Lucigen ’ portable. On the compress 
air being admitted into the oil tank or receptac 
it forces the od up through an internal tube, ai 
escaping at the same time with the oil in t 
burner, produces a spray which is set on fire, 
light of about 2000 candle-power is given by t 
‘ Lucigen.’ The flame is large, the light w 
diffused, and the eyes are not dazzled by 
There is httlo or no smoke from the flame, a 
the lamp burns equally well under heavy r£ 
or spray ; it requires no lantern, and has 
parts which can be damaged by rough usa^ 
In the ‘ Doty ’ and ‘ Wells ’ lights, pressure 
brought to bear on the surface of the oil or ere 
sote by means of an air pump, whereby the oil 
forced through a coil surrounding the lower p( 
tion of the flame, and becomes distilled into gt 
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Creosote oil has also been employed for the 
purpose of illuminating and heating, by diiect 
conversion into permanent gas. A ton of 
creosote is capable of yielding 13,300 cubic feet 
of gas, with an illuminating power of 14 candles , 
a yield of 29,300 cubic feet may be obtained, but 
of candle-power only ; the chief drawback to 
this method of utilisation is the high tempera- 
ture necessary to decompose the oils, which 
results in the production of low candle-power 
gases. 

Employment of creosote as fuel — Creosote oil 
18 extensively used as a fuel, both for marine 
and stationary purposes and especially for 
furnaces for heating iron rods for the manufac- 
ture of bolts and rivets. Prom theoretical con- 
siderations, it would appear to bo eminently 
adapted to the purpose, J lb. of coal-tar creosote, 
when elfoctivcly burnt, being capableof evaporat- 
ing 11 24 lbs of water, a result which is con- 
siderably in excess of that obtained from coal 
or coke 

Various methods have been devised for 
burning the oil to the greatest advantage 
These may be briefly summarised under the 
• following heads • — 

1 Injection into the furnace by means of 
compressed air with ‘ atomising ’ ajiparatus. 

2 Injection into the furnace by means of 
steam with ‘ atomising ’ apparatus. 

3 Feeding into the furnace by simple 
gravitation, alone or m combination with 
coke. 

G F Dexter (Journ Gas Lighting, Juno 20, 
1886, 1242-1244), m a table showing the relative 
calonfio values of certain coal-tar distillates, 
refers to creosote, or heavy oils, as under • 

Average foimula , b p 240° to 270° 

and upwards. 

Proportionate weiglit of constituents : 


Carbon 

, 0 93913 

Hydrogen 

. 0 06087 

Calorific value : 


Caibon units 

. 497 

Hydrogen units 

. 210 


Employment of creosote oil as an avttsephe 
a 7 td for the purposes of a cattle xi'ash and sheep 
dip {v. Disinfectants). 

Creosote oil is also now largely used to absorb 
benzene from coke-oven gas. The gas, after the 
extraction of the ammonia, is passed up toweis 
or scrubbers down winch a shower of creosote 
oil falls The creosote oil takes up from 3 to 
4 p c of benzene, and this is regained by distilla- 
tion with steam, the creosote being used over 
and over again until, by the accumulation of 
dirt and tar, it becomes too viscid, when it is 
generally run into the tar well. This fact should 
not bo lost sight of when estimating the propor- 
tion of creosote in coke-oven tars. 

The heavier portions of creosote oil are also 
used to absorb naphthalene from coal gas ; the 
gas 18 passed through washers containing the oil. 
As the oil tends to abstract some of the illumi- 
nants from the gas, it is best to add to the oil 
before use a small proportion of benzene suffi- 
cient to saturate the oil so that no more is ab- 
sorbed from the gas. 

The heavier oils are also used as a rough 
lubricant for brick-making machinery, and for 


injecting into the brick kilns during the burning 
of the bricks to impart a supci licial blue colour 
to them. The creosote acts as a reducing agent 
on the iron compounds m the clay, and the red 
colour is changed to blue 

A preparation of heavy creosote or anthra- 
cene oil with lime is used as a cart or axle 
grease 

Bibliography — Lunge’s Coal Tar and Am- 
moma ; Allen’s (kiminercial Organic Analysis ; 
Warne’s Coal Tar Distillation. W H. C. 

GREOSOTAL. Syn for (h'oosol carbonate. 

C RESATIN, Acetic ester of m-cresol 

CRESEGOL. Trade name for the mercury- 
potassium salt of cresol sulphonic acid 

CRESOL CgHJCHOOH. The three isomeric 
cresols exist m coal tar (Williamson and Fairlic, 
Annalen, 92, 319, Ihle, J pr. Chem (2] 14, 
442, Tiemaim and Schotten, Bcr. II, 767, 783) 
in about the following proportions . orthocresol, 
35 p c ; metacresol, 40 p c , and paracresol, 25 
p.c (Schulze, ibid. 20, 410). 

The cresols can bo separated from the oily, 
non-crystallisable mother liquors obtained in 
the purihcation of crude phenol by fractiona- 
tion and crystallisation, by dissolving them in 
soda lye, freeing the solution from naphthalene 
or other hydrocarbons by a cuirent of steam, 
and then fractionally piecipitatmg with sul- 
phuric acid. The first fractions, owing to the 
greater acidity of phenol, contain chiefly cresols, 
and are further purified by distillation (Muller, 
Zeitsch Chem. 1865, 270) 

Various processes have been patented for 
obtaining meta- and para-cresol from crude 
cresol Raschig (Eng Pat 18334; D. R P 
112545; J Soc Chem Ind 1900, 37), by re- 
jieated fractionation of the crude cresol, obtains 
a mixture containing 60 p c of meta- and 40 p e 
of para-cresol This mixture is then sulphonated 
by means of concentrated sulphuric acid, in 
which m-cresolsulphomc acid is easily soluble, 
but the p- compound only with great difficulty. 
The mixture is allowed to stand for a week, and 
the ciystals of the p-sulphonic acid are removed, 
or a soluble sodium salt, such as the sulphate, 
may be added in quantity sufficient to form the 
sodium salt of the p-crcsolsulpho^ic acid The 
latter is separated from the mother liquor, 
which consists of ?a-cresoIsuIphomc acid and a 
little sodium sulphate The two cresols aie 
obtained from their respective sulphonic acids 
by hydrolysis with superheated steam. In 
another procovss (Raschig, Eng Pat 25269 , 
J Soc Chem. Ind 1900, 1099) the mixture of 
the two sulphomc acids is subjected to the action 
of superheated steam at 120°-130°, the m- 
cresolsulphonic acid alone being hydrolysed 
under these conditions The w -cresol ffistils 
off, and on raising the temperature to 140°?l60°, 
the p-sulphonic acid is hydrolysed and p-cresol 
is obtained. See also Raschig, D. R PP. 144903, 
146752, 

According to the Chem Fabr. Ladenburg 
(D. R P 148703 ; Chem Soc Abstr. 1904, i. 312), 
separation of m- and p-cresols, by partial sul- 
phonation, is incomplete The process recom- 
mended is* to heat crude cresol With sodium 
hydrogen sulphate at 100°-110°, dissolve the 
product in water, when p-cresol separates out as 
an oily layer, the tw - cresol alone being sul- 
phonated. Superheated steam, at 180% is 
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E assed m to obtain m-cresol, after the p-cresol remove any undecomposed cresyl phosphate and 
as been separated. other impurities, acidified with hydrochloric acid. 

Another process of the same firm (Eng. Pat. and the separated metacresol extracted with 
1881 ; Fr Pat 339880 ; D R P. 152652 ; J. other, and finally distilled m a current of carbon 
Soc Chcm Ind 1904, 759) consists in saturating dioxide (E and L. ; T and S ). 
the crude cresol with milk of lime, when the Metacresol is also piepared from naphthalene 
calcium salt of m-cresol, which is much less 1 3 3'-, 1 3 6-, or 1 3 8- tnsulphomc acids, from 
soluble than that of the p-cresol, separates out. analogous hydroxy- or ammo-naphthalene mono- 
This IS filtered off, decomposed with acid, and or di-sulphonic acids or from tnhydroxynaphtha- 
relatively pure m-cresol is obtained. The leno , e 1 3 3'- naphthalene tnsulphonic acid 
crystals of the calcium salt, before decomposition together with half its weight of caustic soda and 
with acid, may be washed with benzene to free three-quarters of water, is heated for 5 hours at 
them from the last traces of mother liquor 280°. The product is poured into water, acidified, 
Reihm (D. R. P. 53307 ; Frdl ii 9) separates boiled to expel sulphurous acid, and filtered 
m-cresol from p-cresol by means of their barium m-cresol separates out on cooling (Kalle & Co 
salts. , Eng Pat 16559 ; D R P. 81484 ; J Soc Chem 


Rutgers (Fr Pat. 317512 ; D. R P. 137584 
and 141421 ; J Soc Chem. Ind. 1902, 1410) 
treats the commercial mixture with anhydrous 
oxalic acid or an anhydrous acid oxalate By 
this moans, the oxalic ester of p-cresol alone 
IS formed and separates out. This ester is 
separated and decomposed by water into 
p-cresol and oxalic acid ; the m-cresol is obtained 
from the mother liquors 

Terrisse (D R P 281054) sulphonates the 
mixture with acid of 60° Be, at diminished 
pressure, neutralises with sodium earbonate 
and drives off the p-cresol in a ciirient of steam 
The residual sodium salts are decomposed by 
sulphuric acid and the m-sulphonic acid then 
heated with superheated steam , see aUo 
Hoffmann Laroche and Co , Fr Pat 454534 

Synthetical preparation of oitho- and para- 
cresol — Pure ortho- and para-cresol can bo 
obtained by fusing the potassium salts of the 
corresponding toluenesulphomc acids with alkali 
(Engelhardt and Latschinow, Zcitsch Chem 
1869, 620), or by diazotising the correijponding 
toluidines For this purpose the toliiidine 
(15 parts) is di.ssolved in sulphuric acid of sp gr 
1 8 (15 parts) diluted with 500 parts of water, 
treated with an aqueous solution of potassium 
nitnto (12 parts), and the product giadually 
heated with steam. The resulting cresol is then 
distilled with steam, the distillate treated with 
soda lye, then with sulphuric acid, and the 
liberated cresol extracted with ether and finally 
distilled in a current of carbon dioxide (Tiemann 
and Schrotter ; Ihle {loc cit )) 

Orthocresol can also be obtained from car- 
vacrol by treatment with phosphorus pentoxide 
(Kekul6, Ber 7, 1006). It is crystalline, sp gr 
1 0512 at 15 5°, melts at 30° (T. and S ; Ihle ; 
B6hal and Choay, Compt rend 118, 1211); 
boils at 188 5° (B and C ), 188° (T. and S ) 
at 191° (corr ) (Perkin, Chem Soc Trans 1896, 
1182 ; Fox and Barker 191 8°), is soluble to the 
extent of 2 5 vols m 100 vols of water, and 
on fusion with caustic potEush is convert/cd into 
salicylic acid When nitrated, it yields dmitro- 
orthocresol (m p 86°-87°) (Nolting and Salis, 
Ber. 14, 987). Refractive index at 40° (/ij)) 
1*53719. 

Metacresol is prepared by heating thymol 
(100 parts) with half its weight of phosphorus 
pentoxide for 10-12 hours until prop^ylene ceases 
to be evolved, adding the product ‘to 115-120 
parts of fused alkali, and further heatmg the 
fused mixture for 5-10 minutes to decompose the 
cresyl phosphate formed The fused mass is 
then dissolved in water, treated with ether to 


Ind 1895, 1800 ; Hqffmann La Roche and Co 
H. R. P. 247272) It is ordinarily a liquid of 
sp gr 1 0387 at 15 5°, but can be obtained in 
crystals, melting at 2 4° (Fox and Barkei) ; it 
boils at 202° (corr ) (P ) , and is soluble to the 
extent of 0 53 vol in 100 vols. of water Its 
aqueous solution is coloured blue by ferric 
chloiide When fused with caustic potash, it 
is converted into metahydroxybenzoic acid, and 
on nitiation it yields a tnnitro- derivative 
(m p 105°-10b°) (Nolting and Sails, Ber 14, 
987 , 15, 1868) Refractive index at 40° (gp) 
1 53322. 

Paracresol crystallises in prisms, melts at 36° 
(Barth, Annalen, 154, 358 [B. and C 1), 36°-37° 
(T. and S ), and boils at 198° (1.), at 198°-199° 
(T. and S , B and C ), at 202° (corr ) (P ) ; and 
IS soluble to the extent of 1 8 vols in 100 vols. of 
water Its aqueous solution gives a blue colour 
with ferric chloride When fused with caustic 
potash, it IS converted into parahydroxy benzoic 
acid, and on nitration it yields a dinitro- deriva- 
tive (m p 85°) (Richter, Annalen, 230, 313 ; 
Nolting and Sabs, I c) 

The crude cresol, as obtained from coal tar, 
IS only slightly soluble in water, but its solu- 
bility in an aqueous solution of potassium 
cresol, renders its employment as an antiseptic 
possible This solution is named solveol (Lacroix- 
Hunkiabeyendian, J. Pharm. Chim 28, 34) The 
crude cresol is also frequently mixed with soaps, 
and IS used in that form for disinfecting purposes 
(Bammann, D. R P 62129 ; Frdl ii 638 , 
Holmcrs, D. R. P. 76133 and 80260, Frdl iv. 
1119 and 1120; Raschig, B. R. P. 87275; 
Frdl IV 1121 ; Engler and Bieckhoff, Arch. 
Pharm 230, 561 ; 232, 351). 

Oxidation with peroxides at a high tempera- 
ture converts the cresols into the corresponding 
hydroxybenzoic acids (Fnedlander and Low- 
Beer, B R. P. 170230 , J. Soc. Chem. Ind. 1907, 
434). 

A mixture of nitro- denvatives, obtained by 
sulphonatmg coal-tar cresol and nitratmg the 
sodium salt of the resulting cresolsulpnomc 
acid with mtnc acid of sp gr 1 *2, has been 
employed, under the names ‘ Victoria yellow,’ 

‘ saffron surrogate,’ as a dye for wool and 
silk; and, although poisonous (compare Weyl, 
Ber. 20, 2836; If, 612), has been used as 
a colouring matter for butter, cheese, &c. By 
heating cnide cresol with sulphur and alkali 
sulphide, or with alkalipolysulphides, or with a 
mixture of sulphur and alkaliB, at a high tempera- 
ture, brown sulphur compounds are obtained 
which are used for dyeing cotton (Farb. vorm. 
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F. Bayer & Co., D. R. P. 102897 ; Chom. Zentr. 
1899, u. 352). 

GRESOLIN. A disinfectant composed of 
crude phenol and rosin soap. 

CRESOLINE YELLOW v. Azo- colouiiino 

MATTERS. 

G RESORCINOL v. Phenol and its homo- 

LOUUES. 

CRESOSTERIL. Acid-o-oxalic ester of m- 
crosol 

OH CO,H 

CRESOTIC ACID A homo- 

loguo of salicylic acid and obtained from 
o-ciesol by similar metliods to those employed 
in preparing salicylic acid from phenol ; m p 
103°-104°. 

GRESYLIG ACID. The non-crystallisable, 
higher boiling portion of the phenols obtained 
in tho purification of phenol {qv,) is, after 
rcdistillation, known commcicially as cresyhc 
acid or liquid carbolic acid. It ls a colourless, 
oily, ref 1 active liquid, docs not solidify at —80°, 
has a sp gr 1 044, and consists of 40 p c meta- 
cresol, 35 p c orthocresol, and 26 p c paracresol 
(iSchulze, Ber. 1887, 410). It is much less 
soluble than carbolic acid in water, ammonia, 
glycerol, or caustic soda, but more readily so m 
petroleum spiiit It boils at a higher tempera- 
ture (about 185°-203°), gives a mixture of m- 
tribromo and o- and p-dibromo derivatives with 
bromine. It is even more readily acted upon by 
concentrated sulphuric and nitric acids than 
carbolic acid (Lunge, Coal Tar and Ammonia, 
ed 1900, 182 , v <3.so Alkm, J Soc Chom Ind 
1890, 141). Its antiseptic piopcrties are more 
maiked than those of carbolic acid or of either 
of tho three cresols Cf Cresol. 

For a method of estimating phenol in com- 
morcuil cresyhc acid, see Fox and Baiker (J ISoc 
Chom Ind 1917,842, 1918, 205 T 

GRESYL BLUE v, Oxazine colourinq mat- 
ters. 

GRETAFORM, Oxyrnethyl crc^ol tannin, 

GRISTOBALITE. A native foim of silica 
(SiO,) crystallising in the cubic system (pseudo- 
cubic) It was first recognised by G. vom Rath 
in 1886 as regular octahedra up to 2 mm. 
across, associated with tridymite, in cavities in 
andesite from the Cerro do San Cristobal, near 
Pachuca in Mexico It has since been found in 
volcaruc rocks in the Rhenish chstnet, Central 
France, and California, and in certain meteorites. 
Tho milk- white, translucent crystals are twmned 
and exhibit optical anomalies , these disappear 
suddenly at a temperature of 175°, tho crystals 
being then truly cubic ; on cooling, tho bire- 
fringence reappears Sp gr. 2 34, hardness 
0-7, refractive index I 49, birefringence 0 0005. 

Quartz when heated passes into j8- tridymite 
at 870°, and this in turn passes into )3-cristobalite 
(or metacristobalite, the cubic, optically isotropic 
modification) at 1470°. On cooling, tho latter 
asses into tho birefringent a-cristobalito at 
80°-270°. Tho refractive index of this artificial 
cristobalite is about 1 484, being slightly higher 
than that of tndymito (1*477), m.p 1710°. 
Cubic crystals of silica have also been obtained 
artificially by heating an aqueous solution of 
colloidal silica with hydrofluo boric acid at 200° 
under a pressure of 26 atmospheres. Cristobalite 
has also been detected m sihea bricks. L. J. S. 


GRITH. The weight of a litre of hydrogen 
at 0° and 760 mm piessuie — viz 0 0896 giam. 

grogeXn, brilliant, orange, SGAR- 

LETS, V Azo- COLOURINQ MATTERS. 

GROGEINE AGID, 2-Naphthol-8-8ulphonic 
acid Used in making croccine scarlet and other 
dyes. 

GROGIDOLITE. (KrohjdohlK Cer ) A 
mineral of the soda-amphibolc group, consisting 
of sodium and non (fciric and ferrous) sihcatc, 
NaFo'"(Si 03)2 Fe"Si 03 . It is known only in a 
finely fibrous form, its name, in fact, bemg from 
KpoKvSf KpoKvdos, wool. Ill tho tiado it IS 
known as blue lusbesios, and it ls woiked for tho 
same purposes as the other varieties of asbestos 
{q v) It IS, however, more icadily fusible (to 
a black magnetic glass) than aio tieraolite- 
asbestos and serpentine -asbestos Tho mineral 
has been long known from the Asbestos Moun- 
tains near the Oiango River in Ciiqualand West, 
South Afiica, where it occuis abundantly as 
veins, 1 or 2 inches in thickness, in jasper- 
schists The closely aggiegatcd paiallcl fibres 
arc ananged peipendicularly or nearly so to the 
walls of tho veins , and the matciial is extracted 
as slabs It is now extensively mined for 
commeicial purposes (H. F Olds, 'frans Inst. 
Mining and Metall 1899, vii 122 , G. E B 
Frood, The ('ape Asbestos industry, Ann 
Rep Govt Mining Engineer, Dept of Mines, 
S Africa, 1915, and S. African Minmg Journal, 
1916). 

Bemg an alkali silicate with ferrous iron, 
crocidolite is especially liable to decomposition 
when exposed to weatheimg , sodium is re- 
moved, and the iron oxidised and hydrated to 
form limomte, while the silica is set free. There 
then results a ferruginous (tuartz possessing the 
hnely fibrous structure of tho original mineral , 
or, in other words, a pseudomorph of quartz 
and limonitc after crocidolite This material is 
coloured a iich golden yellow, and displays a 
silky lustre, and being at tho same time very 
hard, it is well adapted for ornamental purposes 
When cut and polished with a convex suiface, it 
displays a cat’s-cye eficct, and it is extensively 
used for making Imobs, umbrella handles, beads, 

I &c Such material is known as tigcr-eye, 
though, unfoitunatoly, in tho trade tho name 
crocidolite is very frequently misapplied to it. 
Tho name 'psevdo-crocidohte would bo more 
appiopnato. In some stones there has been 
sihcification without oxidation, and the indigo- 
bluo colour of tho oiigmal crocidohte has been 
preserved • material of this kind is known as 
naw/c's-eqe Tho stones have sometimes been 
coloured artificially by the same processes as 
adopted m tho staining of agate (q v ) 

L J. S. 

GROGOITE or Grocoisite. Lead chromate, 
PbCr 04 , crystallising in tho monochmc system. 
The name was onginally given m the French 
form crocoiso by F. S Bcudant m 1832, from 
KpSKoSf saffron , this was later changed to 
crocoisite, and afterwards to the moie correct 
form crocoite. This mineral is the only chromate 
of any impprtance found in nature, and in it the 
element chromium was discovered. It is found 
usually as crystals which are bright hyacinth- 
red in colour with a brilliant lustre , the streak 
IS orange-yellow. On exposure to light the 
crystals soon deteriorate m translucenoy and 
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brilliancy Sp gr b 0, H 2J^-3 Crocoito is a 
mineral of secondary origin in veins of lead ore 
and is often associated with gold. It is found 
at Beresovsk in the Urals (where it was dis- 
covered m 1706), (^^ongonhas do Canipo near 
Ouro Preto m Brazil, Luzon m the Philijipmes, 
Umtali in Khodesia, and as very lino crystals 
at Dundas in Tasmama The mineral has been 
used as a pigment, being identical in composition 
with the artificial product chrome-yellow 

L J K 

CRONSTEDTITE u Thuringite 

CROOKESITE. A selomde of copper, thal- 
lium (T1 16-18 p c ), and silver forming comjiact 
masses with lead giey colour and metallic lustre 
Sp gr 6 0, H 2i-3 It occurs embedded m 
calcitc in the Sknkerum mine, Smaland, Sweden 
Although a laie mineral it is of inteiest m being 


one of the few minerals containing thallium in 
considerable quantity. L. J. S. 

CROPS* The composition of crops may be 
regarded from two points of view : (1) the 

materials they contain, which render them 
valuable either as food or as sources of some 
substance of commercial value , (2) the materials 
they remove from the soil, which must eventually 
be replaced if the fertility of the land is to bo 
maintained 

In Table I , the composition of some of the 
luincipal crojis grown in the United Kingdom 
IS set out, cereals being excluded because they 
are dealt with sepaiately The composition of 
each of these materials shows considei able varia- 
tions, and the analyses given aie either typical 
or the means of a small number of deteimiiia- 
tions 


Table I — Proximate Composition oe Crops. 


Leguminous . 

Field beans 
„ „ haulm . 

Field peas 

„ ,, haulm 

( lover hay 
Luccine hay . 

Vetches, gi oen 
Root crops , 

Potatoes 
Mangolds 
Sugar beet 
kSwedc turnips 
White till nips 
Fosterton hybrid turiiqis ^ 
Aberdeen yellow ^ . 
Carrots 
Meadow hay 
iSeeds, hay 
Mustard, gicen 


I 


Water 

i Crude tat 

1 ^ 

13 49 

1 08 

18 40 

1 10 

13 92 

1 89 

13 ()0 

1 ()0 

10 50 

2 90 

16 50 

2 60 

82 50 

0 50 

74 98 

0 15 

87 50 

0 14 

75 00 

0 10 

87 80 

0 21 

90 78 

0 22 

91 30 1 

— 

91 09 

— 

86 79 

0 30 

14 30 

2 50 

14 30 

2 70 

85 10 

0 40 


J’ndein 

crude 

Carbo- 

Iiydrates 

25-31 

48 33 

8 10 

31 00 

23 13 

52 68 

9 00 

33 70 

13 50 

37 10 

14 20 

29 20 

3 20 

7 20 

2 08 

21 01 

' 1 34 

8 90 

1 30 

21 40 

1 54 

8 22 

1 18 

5 89 

0 79 

6 47 

1 14 

6 08 

1 23 

9 17 

9 70 

41 40 

10 20 

36 10 

2 90 

7 30 


Crude 

fibre 

Ash 

8 06 

3 13 

36 00 

5 40 

5 68 

2 68 

35 50 

6 60 

24 00 

6 00 

29 50 

800 

5 10 

1 50 

0 69 I 

1 09 

0 98 

1 14 

1 50 

0 70 

1 32 

0 91 

1 13 

0 80 

0 94 

0 50 

J 03 

0 66 

1 49 

1 02 

26 30 

6 20 

30 20 

6 50 

2 90 

1 40 


Leguminous crops. The leguminous seeds 
arc distinguished by thmr high protein content 
The proteins of the bean and pea «ind similai 
seeds have been studied by Ritthausen (Eiweiss- 
korper der Getreidearten, Bonn, 1872) and 
Osborne (J Amer Chem 8oc 1898, 20, 410, 
Amer. J Phvsiol. (1908, 23, 180, kc ) The most 
abundant of these is the so-called legumin {g v ), 
which, according to Osborne, is a globulin con- 
taining lysine Lentils contain a conglutm 
which has been hydiolysed, also some edestm 
The leguminous seeds grown in this (ountry 
contain but a small proportion of oil, which has 
not received any special examination , the 
soya bean, however, yields oil up to 20 p c , and 
is extensively imported from Manchuria and 
pressed for oil (e. Soya bean). 

The only carbohydrate in beans, peas, &c , 
that has received any attention, is the starch, 
which IS abundant and the granules of which 
possess chaiac tens tic shapes TJho ash of 
leguminous plants is distinguished by a large 
proportion of lime, as may bo seen from analyses 
5-10 in Table II. 

1 Aitken, Trana. H & Ag. See. 1884, 16. 

Wilson, ibtd 1886, 18. 


Root crops. In these mateiials, the ether 
extract contains little, if any, tiue fat, the 
introgen-contaimng substances aio also veiy far 
from bemg all protein , usually one-half oi 
1 more of the mtiogen present is combined m 
, vaiious non-protem foims 

j Potatoes — The chaiactcristic carbohydrate is 

starch, of which there may be over 20 p c ; but 
sugars (both suciose and reducing sugars) may be 
prijsent up to 1 p c , and dcxtnns or amylans arc 
also present in about the same amount Amongst 
the nitrogen compounds there are both insolu- 
ble and soluble proteins, part of the latter 
being coagulable by heat or acids, and a large 
range of ammo- bodies, among which tyrosiii 
has been identified I'he non-protem nitrogen 
may amount to more than half the total nitro- 
gen The darkening of the juice of a fresh 
potato IS due to the black substance formed by 
the oxidation of the tyrosine under the action of 
an enzyme, also present m the cells The 
darkening of boiled potatoes is due to some 
other cause (Ashby, J. Agric Sci. 1906, i. 348). 
About two-thirdfi of the ash of potatoes consist 
of phosphoric acid and potash. 

Mangolds . — The characteristic carbohydrate 



CROPS, 


423 


present in the mangold is sucrose, which con- 
stitutes about 8 p.c of the weight of the root, 
the total dry matter amounting to about 13 p c. 
About 0*26 p c of reducing sugar is also present. 
The variation in the sugar content of mangolds 
has been examined by Wood (J Agnc. Sci. 1005, 
1, 170), who gives the followmg table . — 


Variety i 

Yield per i 
acre — tons 

(U 

1 “ 

(5 

Sugar p c. 

a 

<v 

do c) 

2 A 

1 

White-fleshed globe 

20 9 

10*7 

63 

0 165 

„ „ intermediate 

27 4 

12 Oi 

7 1 

0 168 

Yellow-fleshed tanlcard . 

24 6 

13*1 

80 

0 180 

globe 

Long red 

25 0 

13*4 

82 

0 191 

29 9 

13 1 

7 9 

0 157 

— — , . 

' 

- J 





Of tlie nitrogen in mangolds, only 30- 50 p c. 
IS in the protein form, 20-40 p c is combined as 
amide or amino- acid and is libciated on hydio- 
lysis as ammonia, while 10 p c may bo in the 
nitric f 01 111 

On storage, the mangold loses sugar by 
respiiation, and some of the sucrose becomes 
changed into leducing sugar, a process which is 
much aicoloratcd as soon as the tempeiature 
rises in the spring (see Millei, J Roy Ague Soc. 
1900,01, 1902,03) 

SiKfat hvel — In the sugar beet, which has 
been dciived fiom the same species of Beta as 


the mangold, the characteristic carbohydrate is 
likewise sucrose, which may bo present to the 
extent of 20 p.c. It is always accompanied by 
a certain proportion of reducing siigam (glucose 
and maltose), which, in well-grown roots, should 
not exceed 1 p c. of the sue rose. 

The variations m the amount and nature of 
the sugars in sugar beet have been subjected to 
veiy detailed investigation, for accounts of 
which the numerous technical works dealing 
with the beet-sugar industry, should be con- 
sulted V iSuGAR. 

The mtiogenous constituents resemble those 
of the mangold {see Lippmann, Bcr 1896, 29, 
2645) 

Bwedes and tnr'ni'ps — In these closely allied 
roots, the eaibohydrates consist of sugars 
(chiefly reducing sugars, though few data exist) 
and pectic bodies yielding a mucilage on boiling 
with water In Wilson’s analyses, already 
quoted, the siigam averaged 4 72 pc The 
nitrogen compounds are also laigely non-protem, 
only from 30 to 50 p c. consists of protein It is 
goneially considered that swedes and turnips 
grown in the north and especially m the east of 
Scotland, posscvss a higher feeding value than the 
roots grown in the south , analytical data to 
conOrm this opinion arc, however, hulking, 
though it IS ceitain that much larger crops are 
usually grown m the cooler climate of the 
north, where the ciop can be sown earlier with 
success. 

Ash of crops. In Table II are collected 
various analyses of the ash of the crops above 
mentioned 


Table If — C’omposition of the Ash of Farm Crops 




Aah HI 

N III 













dry 

rnaitei 

di V 

matter 

Fe,03 

CaO 

MgO 


NaaO 

P2O6 

SO3 

Cl 

CO2 

S1O2 

1. 

Potatoes 

3 'DO 

0 88 

0 35 

1 53 

3 48 

58 27 

0 06 

12 86 

6 87 

7 27 

11 37 

0 58 

2 

Mangolds 

6 70 

1 31 

0 44 

3 58 

2 13 

35 90 

19 34 

9 34 

3 25 

3 87 

21 43 

0 97 

3 

8wcdes 

5 58 

2-31 

0-61 

12 12 

3 02 

39 17 

5 24 

9 83 

13 49 

2 48 

12 43 

0 72 

4 

Grass 

7 21 

1 65 

0*49 

12 48 

3 83 

29 76 

4 09 

7 04 

6 17 

8-78 

10 31 

18 32 

5 

Clover 

8 15 

2 02 

1 03 

37 37 

5 10 

13 10 

0 58 

3 75 

1 82 

2 26 

34 96 

0 54 

() 

Beans, corn 

3 27 

4 32 

0 48 

5 60 

() 61 

40 58 

2 12 

30-69 

6 35 

2 43 

5 28 

0 41 

7. 

,, stiaw 

5 80 

0 94 

1 54 

28 39 

3 12 

8 07 

14 '57 

, 2 31 

3 30 

2 49 

33 68 

3 08 

8 

Peas, com 

2 53 

3 87 

0 07 

5 74 

8 97 

44 31 

0 39 

29 30 

10 42 

0 45 

— 

0 37 

9 

,, straw 

, 5 87 

. — - 

1 03 

40 34 

8 30 

11 78 

9 90 

8 26 

6 76 

3 84 

— 

10 66 

10 

Lucerne j 

871 

— 

2 68 

24 74 

6 27 

41 91 

1 22 

7 71 

5 63 

8 05 

— 

3 16 

11. 

Flax, seed 

3 82 


1 54 

10 96 

11 47 

27 85 

4 15 

41 27 

2 01 

0 63 

— 

1*47 

12. 

„ stem 
Hops, cones 1 

3 70 

— 

6-62 

2516 

1 4 99 

25 56 

10 16 

8 94 

4 02 

6 64 

— 

9 40 

13 

11 25 

— 

1 80 

16'77 

5 66 

28 35 

1 99 

13 73 

5 01 

4 35 

— 

22 32 

14 

„ leaves 1 

18 00 

— . 

0 64 

4017 

5 32 

1 13 65 

3 79 

7 82 

3 49 

4 02 

■ — 

22 21 

15 

„ stems 

4 70 

— 

1 07 

29 59 

8 34 

2618 

506 

11 23 ! 

i 3 41 

8 87 

— 

8 29 

16. 

Tobacco . 

16 27 

— 

2 93 

42 34 

11 22 

17 48 

4 26 

3*22 

4 28 

4 87 

1 ”” 

1011 


Analyses 8-16 are moans taken from Wolff’s 
Aschen-analysen, and have been recalculated to 
exclude the carbon dioxide present in the ash, 
as obtained after burning Analyses 1-7 are 
selected from tfie Rothamsted records. 

Materials removed from the land by average 
crops. Table III , compiled by Waring ton 
from Rothamsted data, shows the amount of the 
three important constituents — nitrogen, phos- 
phoric acid, and potash, which would be con- 
tained in an average crop of the magnitude 
indicated, and therefore nave been removed 


from the soil by the crop, except in the case of 
the nitrogen contained in leguminous crops 

A comparison of these figures with the 
amount of fertilising material usually provided 
for the crops in question, or the effects of 
particular manures m field experiments, serves 
to show that the data contained in Table III. 
afford no, guidance m deciding the appropriate 
manure for each crop. 

The earliest theory of plant manuring, that 
of Liebig, supposed that the requirements of 
the plant can best be satisfied by applying to 
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Table til. — A mount ob ' Peiitilisino Constituents per Acre removed bv an Average Crop 


Wheat, 30 bushels, straw 28 cwts. 

Barley, 40 „ „ 22 „ 

Oats, 45 „ „ 25 „ 

Maize, 30 „ „ 19 „ 

Meadow hay, 1 j tons .... 

I Red clover hay, 2 tons .... 
Beans, 30 bushels, straw 20 cwts 
Turnips, 17 tons, leaf 5 tons . 

Swedes, 14 „ „ 2 , 

Mangolds, 22 „ „ 8 „ 

Potatoes, 0 „ tubers 

the land exactly the constituents taken away 
by a good ciop of that particular kind ; but the 
results of the Rothamsted expeiimonts, con- 
firmed by general farming experience, \cry soon 
showed that tliLs view was incorrect, because it 
failed to take into account the enormous amount 
of plant food contained in the soil, more or less 
of which would reach the plant according to the 
method of cultivation and the plant’s habit of 
growth Moreover, in practical farming the 
supjjly of manure is largely determined by the 
place the ciop occupies in the rotation and 
the ticatment which has been given to the 
previous ciops. To take an example, wheat 
and barley withdiaw almost the same fertdismg 
materials from the soil, yet all farming ex- 
perience goes to show that the yield of wheat 
18 chiefly determined by the supply of nitrogen 
If this clement is present in sufiicient quantity 
the wheat jilant with its long period of growth 
IS usually able to satisfy its requirements for 
phosphoiic acid and potash from the soil With 
barley, nitrogen is still a most important element 
in nutrition, but phosphoiic acid also exeits a 
striking beneficial action and is a necessary 
element in the fertiliser Neither for wheat nor 
barley need potash be supplied except on very 
light soils A stdl more noteworthy example is 
provided by the swede turmp crop The table 
shows that an average crop wdl take away from 
the soil about 100 lbs of nitrogen, 20 lbs of 
phosphoric acid and 80 lbs. of potash, yet the 
usual fertilisers applied to swedes consist almost 
wholly of phosphatic compounds, with a com- 
paratively small amount of nitrogen and no 
potash The majority of the swede^s grown m 
this country receive from 50 to 100 lbs. of 
phosphoric acid (i e, about 5 cwt. of super- 
phosphate or basic slag), and the small quantity 
of nitrogen that would be provided by a light 
dressing of farmyard manuie or half a hundred- 
weight of sulphate of ammonia. The fertiliser 
requirements of a crop are m fact conditioned 
by its specific habit and by the sod {q v ) rather 
than by its composition Certain broad charac- 
ters may be distinguished. Cereal crops possess 
considerable powers of obtaimng the phosphoric 
acid and potash reserves m the soil provided 
they are well supplied with active forms of 
nitrogen. Leguminous crops rarely yequiro a 
nitrogenous fertdiser, but respond to mineral 
fertilisers and particularly to potash, the sod 
also should be neutral and well supplied with 
lime. Cruciferous crops are particularly de- 


Weight of 
crop, dry 

Nitrogen 

Potash 

Phosphoric 

acid 

llH 

lbs 

lbs 

lbs 

4183 

50 

28 8 

21 1 

3827 

49 

35 7 

20 7 

3978 

52 

40 1 

19 4 

3377 

43 

30 3 

18 0 

2822 

49 

50 9 

12 3 

3703 

98 ^ 

83 4 

24 9 

34b 1 

107 1 

07*1 

29 1 

4057 

no 

148 8 1 

33*1 

4055 

98 

79*7 I 

21*7 

7508 

149 

300 7 1 

52 9 

3360 

1 

40 

70 5 

21*5 


pendent upon an abundant supply of phosphoric 
acid Crops elaborating a consideiablo amount 
of carbohydrate, e g mangolds anil potatoes, 
re({uiro potash In geneial it may bo said that 
nitrogen promotes leafy development, phosphoric 
acid matuiity, and potash carbohydiato foima- 
tion and continued growth A i> H. 

CROTON OIL IS obtained from the seeds of 
(Jrolon Tighurn (Linn ), a tiee belonging to the 
Euphorbiacca% indigenous to the Malabar 
coast, ami cultivated in Southeiii Asia and 
China The seeds contain 53-5() p c of oil 
Tho oil has an amber-yellow, oiange, or 
blown colour, according to its ago , it has a 
nauseous odour, a buinmg taste, and acts as a 
very poweiful purgative It blisters the skin 
and mucous membrane 

The chemical composition of croton oil 
diffom so widely from that of all other oils, iliat 
its recognition, by means of the ‘ quantitative 
leactions ’ {see Uu.s and Fats), is easy It 
contains a consideiahle amount of volatile 
acids , hence its Reicheit-Meissl value is about 
13 , its iodine value is 102- 10b Saponification 
value, 210-215 , and specific gravity, 0 940 to 
0 9b0. Croton oil is stiongly dextio-rotatory 
( + 14 5° to 16*4°). 

Tho vaiiations m tho recorded values are 
mainly attributable to different methods of 
exti action Cioton oil contains the glycciides 
of tiglie acid, and of butyric, caproic, lauric, 
myiistic and palmitic acids, and probably also 
oleic ac id Tho vesicating principle is a resinous 
substance, Ci 3 Hi «04 (BuiLstan and Boole, Proc. 
Roy Soc. 1895, 58, 238). 

CROWBERRY (Empelrum nigrum). The 
leaves of the crowberry contain a wax composed 
of ceryl cerotate, benzoic acid, urson, tannin, 
dextrose and probably rutin The anhydious 
urson CioHj^jO is identical with that obtained 
from tho leaves of Uva Ursi. Empetrum nigrum 
contains no alkaloids, andromedextims or glu- 
cosides decomposed by emulsion (Van Itallic, 
Pharm Weekblad, 1918, 55, 709) 

CROWN GLASS t;. Glass. 

CRUCIBLES. A perfect crucible should 
withstand the highest temperatures without 
fusion, should bear sudden changes of tempera- 
ture without fractuie, and should bo unacted 
upon by the materials which are to be heated in 
it. A semi-automatic apparatus for moulding 
crucibles has been patented by Sims (Eng. Pat. 
445, 1888). 

1 Wholly or m part derived from the atmosphere. 
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Clay crucibles are prepared from selected 
clay ; of the Stourbridge clay worked, only about 
5 p c. 18 available for this purpose Its plasticity 
IS much inci eased by exposure for some months 
in a moist condition to the air. During this 
process of ‘ weathering ’ it becomes disintegrated, 
and the removal of foreign matter is thereby 
facilitated. The presence of non pyrites is es- 
pecially mjuiious ; furnace gases convert it into 
the oxide which acts as a flux and forms cavities 
in the crucible Lime is also hurtful, excejit 
when m very small quantities and umfoimly 
distributed. Potash and soda aie invariably 
present in clay, and when in small quantity 
increase the coheienco of the crucible without 
appreciably impaiimg its power of witlistandmg 
the action of heat. 

In order to reduce the tendency to crack, and 
to increase its rcfiactory charactei, the clay is 
usually mixed with sand, giound flints, burnt 
clay (old broken crucibles), graphite or coke 
These, which are either less fusible than the clay 
or altogether infusible, foim a skeleton which 
upholds and pi events dcfoimation of the 
crucibles at tempciatuies at which the clay 
would tend to fuse The most lefractory 
crucibles contain the largest pioportion of 
sihca. 

The clay, which shouhl bo of the gieatcijt 
ossible fineness, is well beaten to leinovi; air 
ubble^ and mixed with the piopci quantity of 
the refractory matonal According to Berthier 
(Tiaito dos Essais, 1, GO), when silica is used, it 
should not be too line, as the tendency to com- 
bine with the clay and thus increase the fusibility 
would thereby bo increased Ciucibles of line 
grain are also riioie liable to fiactuie 

Small crucibles aic usually baked in a kiln, 
but the large casting pots of Stourbridge clay 
are not baked until immediately befoio use 
When the tempeiatuie of the baking ls high, 
the crucible is more liable to fracture on le- 
heating 

All clay crucibles aio more or less acted upon 
by litharge, but metals and most ores may be 
heated in them without danger Berthier le- 
com mends a lining of such material as silica. 


alumina, or magnesia previously moistened. 
A lining of chalk rendei-s a ciuciblo less per- 
meable to litharge. 

Quenoau recommends lining clay ciuciblcs, 
before drying, with some substance which will 
resist the chemical reactions for which they are 
designed and then compressing strongly, diymg, 
and firing (JTr Pat 354319, J. Soc. Chem. Ind. 
1905, 1071). 

Ciucibles may be rendered non-porous by 
treating with fcrious suljihatc solution and flung 
(Mitchell, U 8 Pat 894845, d 8oc Chem. Ind 
1908, 880) or by the addition to the clay of 
chromic oxide, chiomitc's or cdiiomo iron oie, 
which also renders them much moie rcfractoiy 
(Bach, Eng Pat 24041, 1903 , Klein, U 8 Pat 
787770 , 8eigle, Pr Pat 383593 ; and Placet, 
Eng Pat 28728, 189G) 

The. fracture of ciucibles by expansion of 
solidif^^mg metal can bo i^revented by hmng 
With fiiable material (Colby, U 8. Pat. 830208 , 
J 8oc Chem Ind 190G, 934) 

Coldsehmidt recommends that ciucibles for 
the ‘ Th(*rmit ’ process should be Imeil with a 
mixture of magnesia or caiboiundum and soluble 
I glass ( El Pat 354597 , J 8oc Chem Ind 1 905, 

I Veiy large crucibles may be built up fiom 
cylmdei's or annular rings of icfraetoiy mateiial, 
provided ariangcments are made for tapping the 
contents without mo\ing the ciucible (Keynolde, 
Eng Pat 1004, 1901 , Rousseau, Eng Pat. 
7451, 1902) 

Stourbridge clay crucibles are made from a 
mixture of raw ground clay with about one-halt 
its weight of powdered, sifted, old glass pots, 
from which all adherent glass has been ic- 
moved, the mixtuie being made in a disc mill, 
and kneaded to the piopci conscstenoy Peicy 
gives the composition of the Stourbridge clay 
used for the best crucibles as silica, 79 25 , 
alumina, 13 57, non oxide, 138, lime, 0 08, 
magnesia, 0 42 , water, 5 11 

The following analys(\s sliow the composition 
of certain vaiieties of (luciblcs Nos 1-7 arc 
by Beithiei, No 8 by Dick, Nos 0-12 by Brand, 
and Nos 13-15 by Mcne — 



Silica 

Alii- 

iiuiia 

Iron 

oxide 


Polabh 

Sul- 

phur 

1 

, Carbon 

Water 

1. French, made by Bcaufay 
at Pans . 

G4G 

34 4 

1 0 




1 


2. French, made by Doyeux 
at 8avigriieb 

72 3 

19 5 

3 9 

__1 




1*8 

3 Hessian 

70 9 

24 8 

38 

trace j — 

— 

— 

— 

— 

4 English steel 

5 8t. Etienne steel . 

71 0 

23 0 

40 

— 1 — 

— 

— 

— 


G5 2 

25 0 

72 

trace ' — 

— 

— 

— 


6 Glass pots, Nemours 

67-4 

32 0 

08 

trace — 

— 

— 


— 

7 „ „ Bohemia 

8. Cornish, made by Juleff 

68 0 

29 0 

22 

0 60 — 

— 

— 

1 

. — 

72 39 

25 32 

1 07 

trace 0 38 

1 14 

— 

i 

— 

9. Steel crucible ; clay 

53 92 

40 57 

— 


— 

0 230 

I 

— 

10. „ „ coke clay 

42*78 

34*71 

— 

1 __ 

— 

0 490 

1 18 60 

— 

11. „ „ graphite . 

24 63 

27 89 

— 

1 „ 

. — . 

0 270 

40 43 

— 

12 Magnesia 

4 80 

2 49 

— 

92-(i2 1 — 

— 

0 099 

1 — 

— 

13 English blacklead . 

51 4 

22 0 

35 

— ,02 

— 


' 20 0 

1 8 

14. Ditto .... 

45 1 

16 65 

0 96 

1 

— 

1 

34 5 

25 

15. Ditto 

50 0 

20 0 

1 6 

— •'06 

— 


25 5 

30 


Hessian crucibles are composed of equal usually triangular, of coame tcxtuie, porous, 
weights of Almerodo clay and sand. They are rapidly destroyed by litharge, and liable to 
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fractui’o on sudden change of temperature, but 
wdl withstand a very high dcgiee of heat 

French crucibles are made from a mixture of 
I part raw Ardennes clay and 2 parts of the 
same which has been burnt Tfiey are refiactory 
and of fine textuie 

Cornish crucibles are largely used for copper 
assaying 'riiey are round, of coai*se giain, and 
of a mottled greyish-white colour. They arc 
kiln- bill nt, and withstand sudden clianges of 
temperature, but cannot be heated to whiteness 
CornLsh crucibles aie now made by the Moigan 
(Vucible (company at Battersea 

London crucibles are of reddish-biown colour 
and close texture Tliey will not stand sudden 
change of tempeiatiiie, but witlistand the action 
of litharge faiily well 

Silica crucibles may be made of powdered 
silica, mix(‘d with a highly absoibent substance, 
e q kieselguhr, saturated with water (Sankey, 
Eng Pat 885:1, 100(> , J Soe Chem. Ind 1907, 
96) Sand, mixed with a small propoition of 
cement and water, moulded, dried, and heated 
to the fusmg-pomt of the sand, foims a veiy 
rcfrai'toiy mateiial (Beppey, U S Pat 905295 , 
J kSoc (.8iem ind 1909, 24) A mixture of 
sand with a little lime may be used (Beiglund, 
Er Pat. 866880 , J 8oc Chem Ind 1906,1081). 

White fluxing pots an^ made by the Mor- 
gan Company from a highly lefiactoiy hie- 
clay from Rouen Cruribles containing carbon 
aie now laigel^ used Eor very high tem- 
peiatures, crucibles cut from a block of g<us 
caibon or similar material may bo emidoyed 
Clay crucibles may also be Idled with a moist 
mixture of chaicoal with starch, treacle, gum- 
water, 01 oil, or, for large crucibles, gas tai. 
The mass is forced with consideiablo pre-ssuie 
into the crucible and is then cut out, leaving a 
coating of about J inch m thickness, oi the coat- 
ing IS put into the ciucible and smoothed with 
a glass rod The crucible is then filled with 
powdcunl charcoal and luxated to redness 

Graphite crucibles. For the fusion of metals, 
plumbago oi coke crucibles are of great value, but 
they arc not hugely us('d for assaying At the 
Battersea works, the following process of manu- 
facture is employ (‘d harid-pii ked Ceylon plum- 
bago IS giound, sifted, digested with dilute 
sulphuric ac'id to remove the grcatci jiart of the 
iron, and mixed and kneaded to a stiff paste, 
with about an equal weight of fine fiieclay The 
mixtuie IS ptussed through a pug-mill, and is cut 
into blocks When requiied for use, the blocks 
are again passed thiough the mill, and made by 
hand on a whc<*l or moulded by maehineiy They 
are then dried and baked in saggars These ciu- 
eibles may be protected from oxidation by lining 
them with clay (Woolford, Eng Pat 24479, 1898, 
J Soc Chem Ind 1900, 52 , McDonald, U S 
Pat 828954; J. Soc Chem Ind. 1906,911) 

They are of fine grain, and will witlistand 
the highest temperatures and repeated sudden 
changes. The graphite is slowly oxidised by 
metallic oxides or by the furnace gases To 
mininiLsc this, the crucible may be coated by 
dipping in a paste of clay and solution of borax 
Any iron which ls present in the graphite ls 
liable to become introduced into the melt, and 
the carbon itself combines with iron or steel 
{v Brand, Chem Zentr 15, 407 ; and Dmgl 
poly J. 266, 227) 


Tar, rosin, &c , may bo used to bind the clay 
and graphite in manufacturing these crucibles 
(Putz, D R P. 181979 ; J. Soc. Chem. Ind. 
1907, 1030) Digby recommends (Eng. Pat. 
8661, 1898) the following composition . — 


Plumbago, 17-mesh granules . 

17 parts 

Plumbago, 80- „ „ 

2 „ 

Russian clay 

5 „ 

China-stone. 

5 » 

Gas caibon 

2 , 


The last three ingredients aio ground and 
mixed with water and then tlie plumbago is 
added and the crucibles foimcd, diied at 65"" 
and baked 

Salamander crucibles, made by the Moigan 
Company, contain a much smaller propoition of 
carbon 'fliey withstand sudden changes of 
temperature perfectly 

Lime crucibles are cut from blocks of well- 
buint (picferably slightly hydiauhc) lime. 

Magnesia was introduced by Caion as a 
refiactory basic material for making crucibles 
oi foi limng reverberatory furnaces for melt- 
ing and depliosphorising steel Magnesia con- 
tracts considerably when heated , it is there - 
foic neccbsary, bcfoio making it into bucks or 
ciueibles, to expoKSo it to a higher temperatuie 
than that to which it will be heated The 
strongly calcined magnesia is made into a paste 
with 15-89 p c of raw (slightly calcined) mag- 
nesia, and 10-15 p c of water, and is moulded, 
dried, and baked at a red heat ^J’lio highly 
heated magnesia would not cohere without 
admixture with tlie law material Magnesia 
crucibles are not injured by exposure to the 
atmosphere (laudm makes ciueibles from a 
mixture of 1 part magnesia and 1 pait bauxite 
They may also bo formed from a mixture of 
ealemed magnesite with from 2 p e to 12 p c of 
a boron compound (according to the amount of 
calcium [ueseiit), moistened, moulded, dried and 
fired at a high tempeiature (Rawson and Little- 
field, Eng Bat 16004, 1900 , J Soc. Ohem Ind. 
1901, 9ff2, and 1902, 52) The product is 
said to resist molten litliaige Porous crucibles 
for metal lefiiung, aie made from a similar 
nnxtuie with the addition of sawdust (Dobell, 
Eng Pat 10715, 1897). 

Alumina crucibles withstand sudden changes 
of tempeiature, and aio not affected by the 
materials fused, even sodium being without 
action According to Devillo’s process (Ann. 

Chim Phys [8 1 4b, 195), alumina precipitated at 
low tempeiature from ammonia alum solution is 
mixed with an ecj[ual weight of powdered marble, 
and IS exposed to the highest temperature of a 
wind furnace. The mixture so pioduced, which 
may be considered as consisting of calcium 
aluminate, ls mixed with its own weight of 
moist, precipitated alumina, and is made into a 
crucible, dried and baked (.lec also Caspar, 
US. Pat 886111; J Soe Chem Ind. 1908, 
568). Whc'n the crucible is required to with- 
stand higher temperatures, the amount of the 
calcium aluminate may be reduced, but the pro- 
portion of lime should not fall below 10 to 
20 p c. 

Bauxite has been used to replace alumina. 
It 18 extremely refractory (v. Bauxite, art. 
Aluminium). 

Carborundum crucibles are infusible and 
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rosiatanfc to chemical action and have great 
solidity. They may bo made from a mixture of 
commercial carborundum with sufficient clay to 
render it plastic (Velter, Fr. Pat 376179 ; J. 
Soc Chem. Ind. 1907, 1010; Engels, Eng. Pat 
14567, 1901) 

A mixture of powdered silica rock or gams ter 
with carborundum or amorphous silicon carbide, 
may be used. It is mixed with water-glass 
solution or glue, &c , compressed to shape and 
heated to the temperature of the electnc furnace 
(Imray and Carborundum Co Eng Pat 19493, 
1902 ; 3308, 1903) {see (dso Cabborundum) 

{See further, Kerl, Handb TJionvaaron Ind. 
1879, 628-534 ; and Percy, Metallurgy (Fuel, 
&c ), 1875, 110-141) 

CRUMPSALL YELLOW v Azo- colouring 

MATTERS. 

CRURIN. Trade name for quinoline bis- 
muth thiocyanate, used as an antigonoirhoic 

CRYOGENIN. VI - Benzammscnucarbazide 


H,N— CO- 


NH NH CO NH, Used as 


an antipyretic. 

CRYOLITE. — {Kryoliili, Ger ) A native fluor- 
ide of aluminium and sodium, found almost 
exclusively in Gieenland, whence it has been 
sometimes called ‘ Greenland spar.’ The name 
cryolite, or ‘ icc-spar ’ {Eisstein) icfem to the 
general resemblance of the mineral to ice {Kpvos) 
and to its ready fusibdity m a candlo-flamo 
The mineral was discovered by the Danes in 
1794, and described m tlie following year by 
Schumacher Nearly all the cryolite of com- 
merce IS obtained from a single locality at 
Ivigtut (or Evigtok), on Aisuk-fjord m south- 
west Gieenland This locality was visited by 
Giescck6, and latci by J W Taylor (Quait 
Jour Geol 8oc 12, 140) The cryolite occurs 
as a largo deposit in gneiss, and contains 
(especially near its junction with the enclosmg 
roe^).a number of metallic minerals, such as 
galena, pyiites, and chalybite {v P. John- 
strup, N Jahrb f Mm 1886, 1, Ref 28, 
R Bahlauf, Ziutsch piakt Geol 1910, xviii 
432 ; O B B^ggild, Mmeralogia Groelandica, 
Kj0benhavn, 1905 , 0 B. B^ggild, Meddelclser 
om Gr0nlanci, 1912, 1 107, and Zeitsch Kryst 
Mm , 1913, Ji 591 C Bernaid, Tlie Cryolite 
Mine at Ivigtut, Greenland, Mining Magazine, 
1916, xiv 202) 

Cryolite is usually found m cleavablo trans- 
lucent masses, of snow-white colour, with a 
peculiar moist-lookmg vitreous lustre which 
rondei-s the mineral Ctisy of locognition. H 2 5 ; 
sp gr. 2 9-3 Ciystals are raie, and their rela- 
tions have been the subject of much discussion , 
they are cube-like m habit, and belong to the 
monoclimc system There are three perfect 
cleavages approximately at right angles to one 
another. Although cryolite is usually white, 
it is sometimes coloured brown or reddish, and 
is said to pass downwaids, m the Greenland 
deposit, into a black mass The black variety 
loses its colour when heated Before the blow- 
pipe cryolite fuses to a white enamel 

The composition of cryolite may be repre- 
sented by the formula 3NaF*AlF3 or NaaAlP^ 
This corresponds to 12 8 p.c. Al, 32*8 Na, and 
54*4 F. An analysis of tne Greenland cryolite 


by Chodnev yielded 13 23 p c Al, and 32 71 Na, 
with 0 83 of Mn 203 and MgO (Verb Peters b. Mm 
Ges. 1845-6, 209). Dumev found m the cryolite 
of Miask in the Urals, 13 41 p c. Al, 32 31 Na, 
0 55 FegOa and MngOa, and 0 35 CaO (Pogg Ann. 
83, 587) Deville found m the Greenland cryo- 
lite 0 018 p c of vanadic acid and a small pro- 
portion of phosphoric acid An analysis of 
cryolite from near Pike’s Peak, Colorado, by 
Cross and Hillcbrand yielded Al 12 9, Na 32 4, 
F 53 55, Fe^Og 0 4, Ca 0*28, H^O 0 3 (Amer. J 
Sci 1883, XXVI 271) 

Cryolite was formerly a rare mineral, but 
about 1855 it was introduced into Europe com- 
mercially, and at once found numerous applica- 
tions m the arts About 10,000 tons aie 
exported annually from Greenland. By heating 
finely powdered ciyolite witli sodium or with 
magnesium, J Percy and A Dick obtamed 
metallic aluminium (Phil Mag 10, 1855, 364) 

I Deville found that fused cryolite is decomposed 
by the passage of an electric current, with 
elimination of free aluminium. At the present 
time, aluminium is prepared by the electrolysis 
of bauxite, but the addition of some cryolite is 
necessary to start the process and to keep it m 
continuous opeiation {v Alumi'nium) 

A wide range of applications was suggested 
when Julius Thomsen showed in 1850 that 
cryolite is readily decomposed by heating with 
calcium carbonate, and that sodium alummato 
may be thus obtamed 
AljiFg ONaF+OfJaCO, 

=:3Na,0'AI^03+6NaF2+6C02 
If heated with cjuicklime, a similar decomposi- 
tion IS cfiected, of coui’se without evolution of 
CO 2 The sodium aluminato ha^s been used m 
the manufacture of alum, and in the preparation 
of caustic soda for soaj) making By lixiviation, 
the aluminate is easily dissolved out , and by 
the passage of CO^ thiough the solution, NagCO^ 
IS obtained, while alumina sepaiates in a gela- 
tinous form The decomposition of cryolite 
may also be effected by boiling the finely pul- 
verised mineral with milk of lime By adding 
an excess of powdered ci>olite to the resulting 
solution the aluminate is decomposed, the alu- 
mina being precijntated, while sodium fluoride 
remains 111 solution . 


3Na,0 A1,()3 -|-AKFo 6 NaF- 2 Al 203 -f 12NaF 
Gryolite can be leadily decomposed by the 
action of sulphuric acid, with formation of 
sodium sulphate, whu h can be easily converted 
into carbonate , but the process, after tiial at 
Gopenhagen, has been abandoned in conse- 
quence of the inconvenience arising from the 
evolution of hydrofluoric acid . 

Al^Fe 6NaP-k6H2S04 

=AlJS04)34-3Na,S04-kl2HF 


The manufacture of soda from cryolite is 
earned on at Oei-sund in Denmark, and at 
Natrona, near Pittsburg in Pennyslvania The 
mineral is also employed m the preparation of 
enamels on iron and for the manufacture of an 
opaline j^lass, somewhat resembling porcelain. 
This glass may be formed by fusing together 
100 iiaits of silica, 35 or 36 of cryolite, and 13 
or 14 of oxide of zmc. C. Weinreb has in- 
vestigated the cause of the milkmess of cryolite 
glass, and believes that it is due to the presence 
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of aluminium fluoride, which on tho coolmg 
of tho fused mass, separates in a Inghly com- 
minuted condition, and being distributed 
through tho glass renders it more or loss opaque 
(Dmgl poly J 256, 361). L J S. 

CRYOLITHIONITE. Fluonde of lithium, 
sodium, and aluminium, LigNagAlg remark- 
able in containing a higher percentage of 
lithium (5 35 pc) tlian any other mmeral It 
occurs as large, colourless, rhombic -dodecahedi a 
embedded in the cryolite deposit at Ivigtut in 
Greenland Sp gr. 2 77 ; H. 2^-3 ; rjNa 1 3395 ; 
m p. 710^^. The mineral dissolves m 1350 parts 
of water at 18°, and from this solution crystallises 
as cubes L. J. S 

CRYOSCOPY, So long ago as 1788 Blagden 
proved that the extent to which the freezing 
point of an aqueous solution lies below that of 
water — tho depression of the freezing point, as it 
IS called — is proportional to the concentration of 
the dissolved substance Nearly a century latci, 
the researches of do Coppet and Raoult showed 
that wlien equimolecular proportions of different 
substances are dissolved in equal quantities of a 
given solvent, the solutions so obtained have, in 
general, the same freezing point It is on these 
facts that tho use of the cryoscopic method of 
determining the molecular weights of dissolved 
substances is based. 

In comparing tho effects of different sub- 
stances on the freezing point of a given solvent, 
it is obvioiLsly convenient, m view of de Coppet ’s 
and Raoult’s lesults, to refer these effects to 
1 gram molecule of solute and to some definite 
quantity of tho solvent : in practice, 100 grams 
of the latter are taken as tho standard amount 
Tho depression of tho freezing point for such a 
concentrated solution as one contaimng 1 gram, 
molecule of solute in 100 grams of solvent 
cannot be determined directly : it is calculated 
from the depression observed for a ddute solu- 
tion, on the basis of the proportionality between 
depression and concentration An example 
may be taken to illustrate this point A solu- 
tion containing 0 609 gram of ethyl alcohol in 
100 grams of watci freezes 0 243° below the 
freezing point of water; fiom these data it 
follows, if proportionality between depression 
and concentration is assumed, that tJie de- 
pri'ssion for a solution containing 1 gram 
molecule of alcohol in 100 grams of water would 
be Again, a solution of 

4 276 grams of sucrose in 100 grams of water, 
freezes 0 237° below the freezing point of water; 
from these data it follows, as above, that the 
depression for a solution containing 1 gram 
molecule of sucrose m 100 grams of water would 

bo ^ depressions pro- 

duced by 1 gram molecule of other non- electro- 
lytes in 100 grams of water are similarly calcu- 
lated from experimental data, values are ob- 
tained which aie very close to the figures already 
quoted. The depression, therefore, for a solu- 
tion contaming 1 gram molecule of non-electro- 
lyte in 100 grams of water is a constant, 
independent of the particular solflte ; the 
average value of the constant for water, de- 
duced in the empirical way just described, is 
18 5°. 

For each solvent, a characteristic constant 


{k) can be similaily deduced from experimental 
data. The evaluation of this constant — the 
‘ molecular depression of the freezing point ’ — 
IS effected, as illustrated above, by the formula 

Aty whore Atm tho depression of freezing 

point observed for a solution contaming g gi ams 
of solute m 100 grams of solvent, and M is the 
molecular weight of the solute 

It has been shown by van’t Hoff that, on 
thermodynamical grounds, the molecular de- 
pression of the freezing point for any solvent is 
quantitatively related to the temperature of 
freezing and to tho latent heat of fusion The 
relationship m question is , where 

T IS the freezing point of the solvent on tho 
absolute scale, and a> is the latent heat of fusion 
per gram of tho solvent The following table 
shows how far the values of the molecular de- 
pression, calculated for various solvents by 
van’t Hoff’s foimula, are in agreement witli 
those deduced empirically . — 


Solvent 

k 

Empirk al 

k 

Call ulated 

Water 

18 5° 

18 0° 

Formic acid 

. 28° 

27 6° 

Acetic acid 

. 39° 

38 5° 

Benzene . 

. 50° 

52° 

Naphthalene 

;/-Toluidine 

08 5° 

69° 

. 53° 

51° 

Phenol 

75° 

74° 


The formula " is based on tho 

w 

assumption that, when a solution freezes, it is 
tho pure solid solvent whicli crystallises out It 
IS not sui prising, therefore, that in cases where 
the ciystals separating from the solution contain 
some of the dissolved substance, e g solutions of 
thiophene in benzene, tho empirical value for 
the molecular depression, deduced in the usual 
way, differs considerably from the normal value. 
In such cases tho depression observed is smallei 
than it would be if tho puie solid solvent 
separated out 

When the value of k for any solvent has been 
ascertained, either empirically by exjienments 
with normal substances of known molecular 
weight, or indirectly by van’t Hoff’s formula, 
it may be utilised m determining the molecular 
weights of new substances For this purpose, 

the formula k==^^At is employed, but now k is 

taken as known, and M is the quantity to bo 
evaluated . in view of this, the equation may bo 

written M — 

At 

It IS evident that a determmation of the 
molecular wciglit of a dissolved substance by 
tho cryoscopic method depends, not on tho 
absolute freezing temperature of the solution, 
but on the difference between the freezing point 
of tho solvent and that of the solution This 
difference can be determined with greater 
accuracy than can tho freezing temperatures 
themselves. A thermometer with a very open 
scale, covering only 6°-6°, is employed, and it is 
convenient, as suggested by Beclanann, to have 
a reservoir attached to the upper end of tho 
thermometer tube, so that the quantity of 
mercury in the bulb and stem may be varied 
according to requirements. This device permits 
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the use of one and the same thermometer at 
different temperatures, and therefore with 
various solvents. In Beckmann’s thermometer, 
which IS the one usually employed in cryoscopic 
investigations, the scale degree is about 4 cm 
m length and is divided in hundredths : with 
the aid of a lens, preferably adapted for sliding 
up and down the stem, it is possible to estimate 
0*001°. The form of the reservoir attached 
to the upper end of the ordinary Beckmann 
thermometer is shown in the accompanying 
sketch When- it is desired to adjust the 
thermometer for experiments with any given 
solvent, the bulb is immersed m water of the 
same temperature as the freezing point of 
the solvent If the top of the mercury thread 
should reach a steady position on 
the upper half of the scale, no 
further adjustment is needed 
Should the mercury, after suffi- 
cient time has been allowed, ex- 
tend beyond the scale and into 
the reservoir, it is necessary to 
detach a portion This is effected 
by putting the bulb in water 
2°-3® higher than the required 
temperature, and then gently 
tapping the upper end of the 
thermometer until the mercury 
hanging at the top of the reservoir 
is separated from the thread. On 
cooling down again to the freezing 
temperature of the solvent, the 
top of the thread should now come 
to rest somewhere on the upper 
half of the scale If the quantity 
of mercury in the bulb and stem 
IS too small, so that when the 
thermometer is immersed in water 
of the same temperature as the 
freezing point of the solvent, the thread doeii 
not roach the scale or appears only on the lowest 
jiart of it, the bulb is warmed until the mercury 
appears at the top of the reservoir By a 
throwing movement, some of the mercury at 
the bottom of the r^ervoir is jerked up to 
the top, whore it joins the end of the thread 
The bulb is then immersed in water 2°-3° 
above the temperature required, and the final 
adjustment is carried out in the way already 
desciibed. 

The cryoscopic apparatus commonly em* 
ployed for the determination of the molecular 
weight of dissolved substanceij is that known as 
Beckmann’s. The accuracy of this method, as 
ordinarily applied, is not great, the error being 
of the order ±5 p.c. For most laboratory 
purposes, however, this is sufficient, and it is 
only when extreme accuracy is required, as m 
the investigation of very dilute aqueous solu- 
tions, that special forms of apparatus have to 
be employed. 

The essential parts of Beckmann’s apparatus 
are seen m the subjoined diagram. A stout glass 
jar, holding about H litres, is provided with a 
metal top, at the side of which is a hole for a 
stirrer, and in the middle of which is another hole 
capable of holding a large stout test-tube, 
3-4 cm. in diameter. The lid and the tube are 
held in position by springs, as will be evident 
from the diagram. By means of a cork, there 
is fitted in the tube another, narrower one, to 


hold the liquid under investigation. This tube 
should preferably have a Hat bottom, while 
the part of it which projects beyond the outer 
jacket IS provided with an auxiliary side tube, 
and is itself widened out 
at the upper extremity 
The cork with which this 
inner tube — the freezing 
tube, as it may bo called 
— is fitted carries the 
thermometer, and allows 
also free passage to a 
stirrer The latter is best 
made of stout platinum 
wire, but silver or nickel 
may be used, provided 
that the possibility of 
chemical action is ex- 
cluded The thermome- 
ter must be fitted in an 
accurately central posi- 
tion, so that the stirrer 
may be moved up and 
down without grating 

When a determination 
of molecular weight is to 
be made, the freezing 
tube IS charged with a 
weighed quantity of the 
solvent, usually 10-20 
grams, and the jar is 
Idled with water or a 
mixture of ice and salt 
kejit at a temiierature 
4°-5° below the freezing 
under examination. The freezing tube, with 
thermometer and stirrer, is immersed directly 
111 the jar, until the temperature has fallen 
almost to the freezing point. It is then set m 
the jacket tube and the contents arc stirred 
regularly, while the mercury m the thermometer 
falls slowly The fall continues until the solvent 
18 more or less supercooled In the majority of 
cases, freezing sets in spontaneoiLsly before the 
supercoohng exceeds 0 6°, and the liberation of 
heat results m a rise of the mercury in the 
thermometer up to a steady maximum position. 
This IS the freezmg point of the solvent — the 
temperature at which hquid and solid solvent 
are m equdibnum with each other It is ad- 
visable, when the thread is rismg towaids its 
steady position, to tap the thermometer before 
taking a reading, and so avoid the possibility of 
the mercury sticking m the capillary. Should 
the supercooling exceed 0 5°, crystallisation 
ought to be initiated, either by stirring very 
vigorously for a few moments or by mtroduemg 
a tiny crystal of the solid solvent. Whenever 
freezing has begun, the solvent must then be 
stirred with uniform regularity untd the con- 
stant temperaturg has been reached. 

The freezing point of the solvent havmg been 
determined two or three times m the manner 
just described, a weighed quantity of the solute, 
enough to give a depression of not less than 0 2°, 
IS introduced, and the freezing pomt of the 
solution 18 then ascertained in the same way as 
that of the solvent Subsequent additions of 
solute are made and the resulting depressions 
determined as before. One addition, it is true, 
yields sufficient data for the calculation of the 
molecular weight of the solute, but it is desirable 




pomt of the solvent 
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to ascertain also whether the concentration of 
the solute has any dehnito and notable influence 
on the value obtained for its molecular weight 
It IS advisable, further, to redetermine the 
freezing point of the solvent at the end of such 
a senes of experiments, and so obtain a guaran- 
tee that the zero of the thcrmoinetei has not 
changed appreciably duiing the course of the 
work. 

Various suggestions have been made from 
time to time with the object of rendering the 
simple Beckmann apparatus a more accurate 
instrument Thus it has been proposed to stir 
tlie contents of the freezing tube mechanically 
instead of by hand The access of atmospheric 
moisture to a hygroscopic solvent may bo pre- 
vented by passing a current of dry air into the 
freezing tube during an experiment, or by using 
as stirrer an iron ring which is enveloped in 
platinum foil and is opeiated electromagnc- 
tically In this latter case, obviously, com- 
munication between the contents of the freezing 
tube and the outside air can be completely cut 
off. The same end is attained by employing an 
oidinary stirrer with a mercury valve. (For a 
detailed description of these modihcations and 
additions, see Beckmann, Zeitsch physikal 
Chem. 1891, 7, 323; 1896, 21, 239; 1897, 22, 
616 , 1903, 44, 169 ; also Ostwald and Luther’s 
Physiko-chemisoho Mossungen ) 

For the det-errnination of the freezing point 
of liquids which are obtainable only m small 
quantities — physiological fluids, for examjde — 
Beckmann’s apparatus, m its ordinary form, is 
too large Modifications of this apparatus, 
suitable for the investigation of blood, urine, 
&c , have been suggested by vanous authors 
(Guye and Bogdan, J Ohirn. Phys 1903, 1, 
379 , Bunan and Drucker, Zentr Physiol 1910, 
23, 772) In these instruments, only 1-2 cub cm. 
of lui[uid is requited, and it ls claimed that the 
accuracy is of the same order as that attainable 
with the ordinary Beckmann apparatus In 
this connection, mention ought to be made also 
of Eykman’s apparatus (Zeitsch physikal 
Chem. 1888, 2, 964 , 1889, 4, 497) This con- 
sists of a small flask, holding about 10 cub cm , 
into the neck of which is ground a thermometer, 
graduated m tenths or hundredths of a degiee 
There is no separate jacketing vessel, but the 
procedure is similar to that followed in the case 
of the Beckmann apparatus 

As regards the preparation of the cooling 
bath required in the cryoscopic investigation of 
aqueous solutions, the usual mixture of ice and 
common salt solution may be replaced in some 
cases by a mixture of ice and a solid salt, which 
gives a steady eutectic temperature Salts 
suitable for tins purpose, with the eutectic 
temperatures obtained when they are mixed 
with ice, are alum, —0 47° ; sodium sulphate, 
—0*7°; potassium dichromate, —10°, potas- 
sium sulphate, —15°; copper sulphate, — 20 °; 
potassium nitrate, —30°; zinc sulphate, 
—6*0° ; baenum chlonde, —7 0°. Another kind 
of cooling bath was used by Raoult, who sur- 
rounded the jacketed freezing tube with ether, 
and passed through the latter a curr<!nt of dry 
air (Compt. rend. 1896, 123, 476 ; Zeitsch. 
physikal. Chem. 1898, 27, 617). By careful 
regulation of the rate at which^the air is forced 
through the ether, the bath can be adjusted to 


any point between room temperature and 
-16°. 

When it is desired to find the molecular 
weight of a new substance, the question of the 
most suitable solvent arises. The choice is 
frequently liimted by the solubility of the sub- 
stance , it may be appreciably soluble m only 
one or two of the more common solvents. 
Apart from this, however, there are other con- 
siderations which must bo taken into account. 

I Extensive investigation has proved that with 
I certain combinations of solvent and solute, the 
I cryoscopic method gives abnormal values for 
j the molecular weight of the dissolved substance. 

I Pre-eminently is this the case when the solvent 
j IS water and the solute is an acid, a base, or a 
salt, in short, an electrolyte ; under these 
circumstances, the value found for the mole- 
cular weight of the solute is abnormally low. 
On the other hand, the influence of substances 
containing the hydroxyl group (alcohols, acids, 
phenols, oximes) on the freezing point of hydro- 
carbons (benzene) and allied indifferent solvents, 
IS such as to lead to abnormally high values for 
the molecular weight The cryoscopic investiga- 
tion of solutions of acetic acid in benzene 
indicates that the foimula of the acid is more 
correctly represented by (CH 3 COOH)^ than by 
CHg COOH Again, wlnle the molecular weight 
of alcohol in benzene is nearly normal in dilute 
solution, the value increases rapidly as the con- 
centration of the alcohol rises The combina- 
tions of solvent and solute which lead to 
abnormally high values of the molecular weight 
have been studied in detail by various workers 
(Auwers, Zeitsch physikal Chem 1803, 12, 689 , 
1894, 15, 33; 1895, 18, 595; 1896, 21, 337; 
1807, 23, 449, 1899, 30, 300, 1903, 42, 613, 
629, Blitz, ihid 1899, 29, 249; Robertson, 
Chem Boc Trans. 1903, 83, 1425; 1904, 85, 
1617; 1905, 87, 1674; 1906, 89, 567). It 

should be noted that in cases also where the 
dissolved substance crystallisCvS out along with 
the solvent, the depression of the freezing point 
is abnormally small, and the value of the mole- 
cular weight calculated therefrom is corre- 
spondingly high. 

For the cryoscopic determination of the 
molecular weights of dissolved substances a 
method of moderate accuracy is sufficient, and 
an experiment may be carried out with a com- 
paratively small quantity of liquid The case is 
different with the problem of finding the exact 
depression of the freezing point for very dilute 
aqueous solutions — a problem to which much 
attention has been devoted because of its 
bearing on the theory of solution It was early 
evident that the cryoscopic investigation of very 
dilute solutions involves special difficulties, for 
the discrepancies between the results obtained 
by different workers were very considerable 
Thus the molecular depression for water, bsisod 
on experiments with sucrose in which the 
actually observed depressions amounted only to 
about 0 05°, was found by Arrhenius to be 20 2°, 
by Raoult, 20*7°; by Jones, 21*8°; and by 
Loomis, 18*1°, instead of the theoretical value, 
18*6°. Subsequent investigations (Nemst and 
Abegg, Zeitsch. ph 3 rsikal. Chem 1894, 16, 681 ; 
Abegg, fbid. 1896, 20, 207 ; Wildermann, Phil. 
Mag. 1896, 40, 119 ; Proc Roy. Soo 1896, 261 ; 
Raoult, Zeitsch. physikal. Chem. 1898, 27, 617) 
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have made it clear what conditions must bo 
fulfilled if the freezing point depression for a 
dilute aqueous solution is to be determined with 
certainty to 0 001°. It will be suflficient here to 
indicate these conditions briefly. 

As regards the thermometer, it is essential 
that a telescope be used for reading the position 
of the mercury, and that the bulb of the instru- 
ment be kept at about 0° during the whole of a 
series of experiments The influence of altera- 
tions m the atmosphonc pressure cannot bo 
neglected, for it appears that a difference of 
1 mm mercury has about the same effect on a 
Beckmann thermometer as a temperature 
change of 0 0002° On similar grounds, the 
thermometer must be immersed always to the 
same depth in solvent and solutions It should 
bo mentioned here that platinum resistance 
thermometers have been used in accurate 
cryoscopic work instead of the Beckmann in- 
struments {sfc Ohrustchoff, Compt rend B)00, 
131, 883 , 1001, 133, 055 , Bedford, Proc Roy. 
Soc. A, 1010, 83, 454) The diftereneo between 
the freezing points of solvent and solution has 
also been determined thermoelectrically (Haus- 
rath, Ann Physik. 1002, (iv] 0, 522; Jahn 
Zeitsch physikal Chem. 1907, 50, 31 , Flugel, 
ibid. 1912, 70, 677 ; Adams, J Amer. Chem 
Soc 1015, 37, 481). 

The temperature of the cooling bath ls a 
matter which has to bo carefully considered, if 
the freezing point depression for a dilute solution 
IS to bo correctly detci mined. Suppose that in 
an experiment with the ordinary Beckmann 
apparatus the aqueous solution m the innei 
tube cools without fieezing, it is obvious that 
the lowest temperature to which the solution 
can fall must bo higher than that of the cooling 
bath, because of the heat conducted from the 
air to the solution through the thermometer, 
stirrer, and tube, and because of the heat 
generated by the stirring This lowest tempera- 
ture, which the contents of the freezmg tube 
tend to assume when no freezing takes place, is 
known as the convergence temperature The 
difference between the convergence temperature 
and the temperature of the cooling bath varies, 
of course, with each apparatus , it decreases as 
the facility for heat exchange between the 
solution and the external air is lessened, and as 
the rate of stirring is diminished Suppose now 
that the solution under examination has become 
supercooled, and that it has reached the con- 
vergence temperature. The introduction of a 
crystal of the solid solvent at this stage initiates 
the freezing process ; heat is liberated and the 
temperature of the solution rises. Inasmuch, 
however, as the solution is no longer at the con- 
vergence temperature, there is an influence at 
work tending to lower the temperature of the 
solution, so that the latter never reaches its 
true freezing point • the maximum position 
reached by the mercury is only what may bo 
called the apparent freezmg point of the solution. 
Similarly, when the freezing point of the solution 
lies below the convergence temperature, an 
apparent freezing point is observed whioh is 
somewhat higher than the true freezing point. 
In both cases, the apparent freezing point lies 
between the true freezing point and the con- 
vergence temperature In view of those con- 
siderations, it is necessary, in cryoscopic work 


of the most accurate kind, either to adjust the 
cooling bath so that the convergence tempera- 
ture and the freezing point are practically the 
same, or to apply a correction to the apparent 
freezing point {see Raoult, I c ; Nernst and 
Abegg, I c ) 

The freezing point of a solution is the 
temperature at winch the solution and the solid 
solvent are in equilibrium, and in order that this 
equilibrium, and therefore the freezing point, 
may bo well defined, it is essential that a con- 
siderable quantity of solid should be in contact 
with the solution. In the case of aqueous solu- 
tions, this has generally been effected by super- 
cooling to the extent of 0 5° or I 0°, and then 
introducing a crystal of lee If this method is 
adopted, then a coirection must be made for the 
charge of concenti ation resulting from the 
separation of lee Some workers, however, 
detei mine the freezing point by adding the 
cooled solution to a fairly laige quantity of 
finely divided ice, and then observing the steady 
temperature shown by a thermometer immersed 
in the mixture {see Walker and Robertson, Broc 
Roy Soc Edin 1003, 24, 303 , Riehards, J 
Amer (3hem Soe 1903, 25, 291 , Jahn, Zeitsch. 
physikal Chem 1904, 60,129; Roth, 1912, 
79, 601 , Adams, J Amer Chem. Soc 1915, 
37, 481 , comjiaie also Piytz, Ann Phv&ik 
1902, [iv ] 7, 882) In this method of procedure, 
equilibrium between the two phases is very 
raj'idly established and the concentration of the 
liquid IS ascertained by an analysis made subse- 
quently to the determination of the freezing 
point 

It has already been pointed out that the 
freezing point dejiiession ls pioportional to the 
number of dissolved units The cryoscopic 
method may therefore bo employed, not only 
in the determination of tlie molecular weights of 
dissolved substances, but also in the study of the 
question whether in a particular case a change in 
the number of dissolved units takes place. It 
IS found, for instance, that the freezing points of 
potassium iodide solutions aie not appreciably 
affected by the addition of iodine, which shows 
that the iodine must combine with the units 
already present in the solution {sec f^e Blanc and 
Noves, Zcitscli physikal Chem 1890, 6, 385, 
Paternh and Peratoner, fJazz chim ital 1890, 
21, 110) The cryoscopic method may similarly 
bo employed in following the course of a reaction 
between dissolved substances which mvolvas a 
change m the number of units, as for instance, 
the inversion of sucrose isee Kahlenberg, T)avis, 
and Fowler, J Amer Chem Soc 1899, 21,1}. 

J. (k P. 

CRYPTOPINE OnuM. 

CRYSOBERYL or CHRISOBERYL Gluci- 

NUM 

CRYSTAL PONCEAU v. Azo- colouring 

MATTERS 

CRYSTAL VARNISH or PAPER VARNISH 

V . Varnish. 

CRYSTAL VIOLET v Trii’henylmethanb 
COLOURING matters 

CRYSTALLINE Proteins. 

CRYSTALLISATION. Crystals are often pro- 
duced during the concentration of liquors in 
evaporating pans. Hand or mechamcal scrapers 
are used for removing these crystals con- 
tinuously. Such crystals are generally too 
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impure for sale and are redissolved in sufficient 
hot water to produce a solution, which, after 
clarification by subsidence or filtration, will 
yield, in the crystallising pan, bright and market- 
able crystals The temperature and concen- 
tration of the solution, to yield the best result, 
have to be determined for every substance The 
mother liquor is run off and the crystals trans- 
ferred to drainers or centrifugal machines to be 
dried before packing In some instances, 
several repetitions of this tieatment are made, 
and the crystals are washed with water or iKpior 
after eacli treatment The crystallising pans 
are made of materials which give the best 
economic result , either they resist the mother 
liquors or, if attacked, do not spoil the product 
by discolouration or too much impurity Cast- 
iron tanks about 2 feet deep with bottoms 
sloping to tlie outlet and rounded cornel’s, are 
common Wooden tanks unlined or lined with 
sheet load, zinc, tin, or other metal, are used 
largely Some manufaeturei’s suspend rough- 
ened strips of metal in the pans, to which the 
crystals adhere For rapid production, crystal- 
lisation by repose is now giving place m many 
industries to crystallisation in motion The 
crystallising vessels aie provided with circu- 
lating blades or with compressed air jets, so 
that the crystals as tliey form are prevented from 
adhering to the sides of the vessel, but remain 
suspended in the liquor, which, on complete 
cooling, flows directly to the cenlrifugal machines 
for the separation of the motlier liquor These 
erystals are purer and more convenient to 
handle than those obtained by repose methods 
In the case of deliquescent substances and also 
in those instances where the mother liquor is 
sufficiently pure to make it unnecessary to 
purify by crystallisation, the liquor is concen- 
trated m film evaporators so that only sufficient 
water remains in it to form the crystal The 
liquor pioduced is run into drums, and forms on 
cooling, a solid block of crystals In some 
works, the liquor is run into a jacketed worm 
conveyor so that the crystals which form, leave 
the apparatus in a loose state 

The capacity of crystallising plant can be 
determined from a knowledge of the physical 
data involved When crystallising by repose 
methods the late of evaporation of the solution 
IS given very closely by the utility formula : 

where W is the weight of water in kilograms 
evaporated per hour per square metre of surface 
of the liquid, is the vapour pressure of the 
solution in mm of mercury at the temperature 
under consideration, and is the pressure of 
the aqueous vapour in the atmosphere of the 
factory. If a draught with a velocity exceeding 
(say) 1 metre per second is produced in the 
crystallLSIng room, the figure given by the above 
formula will be low, and should be multiplied 
by a factor which is approximately the square 
root of the velocity in metres per second 

If the mother liquor is run mto tiie crystal- 
lising vessels hot, then the time of cooling and 
evaporation can bo determined by a graphical 
integration of the rates of coobng from the 
surface of the vessel and cooling fiom evapora- 


tion from the surface of the liquid at a series of 
temperatures. 

Many solutions will not produce bright 
crystals at temperatures above 20° C. ; in such 
cases, propeller fans are most useful in keeping 
down the temperature and increasing the output. 

Substances which form hard cemented masses 
on the cool surfaces of the crystallismg vessels 
may be most satisfactorily treated m vacuum 
evaporators, where the crystals form on the 
surface and then drop to the bottom of the 
vessel, unless a stirrer be provided to keep them 
m suspension. This method is most useful 
when crystallising from volatile solvents 

Crystals of uniform size are also most effici- 
ently produced m this way, since the rate of 
evaporation and the temperature can be perfectly 
regulated. A mother liquor of suitable strength 
18 produced in the pan and allowed to cool to 
saturation temperature The solution is then 
‘ sown ’ with a suitable quantity of finely 
powdered .substance, and the heating coils and 
vacuum pump set to work at such a rate as to 
maintain the temperature and produce the 
required amount of evaporation, the liquid being 
stirred continuously As soon as the crystals 
are known to have reached the required size, 
the mass is discharged through strainers and 
the mother liquor returned to form a portion 
of the next chaige J W IT 

CUBA BLACK v A/o- colouring matters 
CUBEBS. CuhphcB frvehts, B P The dried 
full-grown unripe fruits of Piper Cuheha (Lmn 
fil) 

CUBEBS CAMPHOR Camphors. 

CUBEBS, OIL OF, v Oils, Essential. 
CUCUMBER. The fiuit (really a berry) of 
Cucumis (Linn ) Konig gives as the 

average composition • 

Nitrogenous Other earbo- 

Water matter Fat Sugar hydrates Fibre Asli 

95 36 1 09 0 11 1*12 1 09 0 78 0*45 


According to Wittmann (1901), cucumbers con- 
tain about 0 2 p c of pentosans. 

Heinzo (Zeitsch Nahr Genussm 1903, 6, 
529) observed that large cucumbers contain a 
higher proportion of sugar than small ones, but 
less nitrogenous matter. He gives as the mean 
composition 

Other 

Pio- Glu- Cane carbohy- 

Water tcin Fat co^e sugar dratea Fibre Ash 
Small 96*6 0 81 0 09 0 00 0*10 1*44 0 58 0 34 
Large 95*8 0*67 0 09 0 66 0 09 1*60 1 65 0*42 
The ash of cucumbers contains ; 


KgO NaoO CaO MgO FcaOj PgOg SO, 
51 7 42 70 45 08 13 1 5*7 


SiO, 

43 


Cl 

9-2 


H. 1. 

CUDBEAR V. Archil. 

CULLEN EARTH or COLOGNE EARTH v. 

Pigments. 

CULLET V. Glass. 

CULM V Anthractte, art Fuel. 

CUMENES. Cumols. The name cumene, 
originally applied to wopropylbenzene 
CeH,-CH(CH3)a 

to indicate its connection with cumic acid, from 
which it was obtained by distillation with lime, 
IS frequently employed as a generic term to 
denote any of the isomeric Denzene*^ hydro- 
carbons of the formula CaHja* Theory predicts 
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tho existence of eight of these, all of which have ! 
been found in coal-tar oil. 

Propylbenzenes. 

1. Normal fropylhmzme (n- cumene) 

OflHfi CHa CH, OH3 

Present m coal tar oil in fraction boding at 
153°-157° (Schultz and Perl, Per 1909, 3002) 
By the action of sodium on a mixture of bromo- 
benzene and piopyl bromide m ethereal solution 
(Pittig, Schader and Konig, Annalen, 149, 324) 
By the action of aluminium chloride on tn- 
mothylone bromide, jirojiyl benzene and di- 
phenylpropane (sym ) are formed, tho latter of 
which, on fuithor treatment, yields propylben- 
zene and cumene (Bodroux, Compt rend 132, 
155). From benzene, aluminium chloride and 
propyl bromide, when kept at 0° (Heise, Bor 
1891, 708 ; Oeuvreaso, Bull Soc chim 9, [3] 
219). From benzyl chloiide, CgUg CH2CI and 
zinc-othyl (Paterno and Spiza, Bcr 10, 294). 
Liquid boilmg at 159*^ (corr ), sp gr 0 807 at 
15715° (Perkin, (Uiom. Soc Trans 1900, 274) 
Yields benzoic acid on oxidation with chiomic 
acid 

Cumene, together with toluene, may bo 
obtained from cymene by demethylation by the 
action of aluimnium chloride in presence of 
benzene . 

0,11, CU3-|-C„H, 

-C0H3 0H, \-0,li,0,}i, 
(Bsedlker and Halse, Bull Soc. clam. 1916, 
19, 444) 

2 Inoproijylbcnzcne {Cumene) 

CeH3-CH(0H3), 

Present in American petroleum (Mabcriy and 
Bunn, Amer Chem J 18, 215) By distilling 
cumic acid 0 qH 4[CH(C113)21CO2H(1, 4) with 
lime or baiyta (Gcrhardt and Cahours, Ann. 
(!him Phys [3] 1, 87) From benzal chloiide 
C^Hg OHOI2 and zme-methyl (Licbermann, Ber 
13, 40) Phenyl magnesium bromide icacts 
with acetone to give methylethcnyl benzene, 
which, on hydrogenation, yields cumene (Tif- 
fencau, Compt lend 134, 845) From benzdno 
and either li’opropyl bromide or normal propyl 
bromide m piesence of aluminium bromide 
(Gustavson, Bor 11, 1251) Li([uid boiling at 
152 5°-153° (con ), sp gi 0 8727, 7 974° (Perkin, 
Chem Soc Trans 1900, 275) Yields benzoic 
acid on oxidation with chromic acid 

Methylethylbenzenes {Ethyltoluenes) The 
three methylethylbenzenes are obtained by the 
action of sodium on a mixture of ethyl bro- 
mide or iodide with the corresponding bromo- 
toluenos (ortho-, mota-, or para-) 

1 . o-Methyleihylbenzene 

C,H,(CH,)(0,H,)(1, 2) 

Liquid boiling at 158°- 159° , sp gr 0'8731 at 
10°. Dilute mtiic acid oxidises it to o-toluic 
acid CftH4(CH3)C02H(l, 2) 

2 . m-Melhylethylbenzene 

CeH4(CH3)(C2H6)(l, 3) 

Liquid boiling at 158°-159° ; sp gr. 0*869 at 
20°. Chromic acid oxidises it to iwphthalic acid 
CeH.(CO,H),(l, 3). 

3. p-Methylethylhenzene 

C.H.(CH,){C,H,)(1. 4) 

Liquid boiling at 101° 162°; sp.gr. at 0*8652 at 
VoL. IL-^r. 


21°. Yields on oxidation p-toluic and tereph- 
thalic acids. 

Trimethylbenzenes. 

1. Consecutive trimethylbenzenc {UcmeUiiau , 
HemimeUithene) C6H3(CH3)3(1, 2, 3) By heat- 
mg the calcium salt of a-iifoduric acid 

0,K,{011,),00,R 

with lime J^iquid boilmg at 175° (Jacobsen, 
Bcr 15, 1857 , 19, 2517) 

2. U nsym metrical trimethylbenzene {pseudo- 
cumene) C(}H3(Cll3)3(l, 2, 4), occuis togethei 
with mesityleno m coal-tar (Bedstem and Koglei, 
Annalen, 137, 317), and is jiresent in many 
petroleums (Pom, Chem Zentr 190(), 1 459) 
By tho action of sodium on a mixtuie of either 
bromo-paraxylcne or bromometaxylene with 
methyl iodide. In order to isolate it fiom coal 
tar, Aimstrong recommends (Chem News, 38, 
5; Ber. 11, 1697) that the mixture of pseudo- 
cumene and mesityleno {v injia) boilmg between 
160° and 170°, obtained from coal tar by 
fractional distillation, should be converted by 
treatment with an equal volume of conecn 
trated sulphuric acid into suJphomc acids. Tho 
mixture of sulphonic acids, which separates as 
an oily layer on carefully adding water to the 
sulphuric acid solution, is heated with concen- 
trated hydrochloric acid in a sealed tube for 1 
hour at 100°. In this way, the mesitylcne sul- 
phomc acid is decomposed, regenerating mesity- 
Icne, whdst the pseudocumcnesulphomc acid is 
not attacked Aftci sepaiatmg tho mesitylcne 
tho pseudocumenesulphonic acid is precipitated 
from the hydrochloric acid solution by sulphuric 
acid, purified by recrystallisation from dilute 
sulphuric acid and finally decomposed by lieatmg 
with hydiochloiic acid at 140° -150°, when it 
breaks up into psoudocumene and sulpiiuiic acid 
Jacobsen (Bcr 9, 256) treats the mixture of 
sulpliomc acids with barium or calcium car- 
bonate, which removes the excess of sulphuric 
acid and converts tho sulphonic acids into 
barium or calcium salts , tiansfoims these by 
double decomposition with sodium caibonate 
into sodium salts , heats the latter with plios- 
pliorus pentachloride, with which they yield 
the sulphonic chlorides ('9H11SO2CI, converts 
the chloiides into the sulphonamides 

O^ilii SO2 NH. 

by tho action of ammonia , and separates the 
two isomeric sulphonamides by leciystallisation 
from alcohol, m which mesityleno sulphonamido 
IS leadily, pseudocumene sulphonamide only 
sparmglv, soluble The sulphonamides are then 
hydrolysed by heating with concentrated 
hydrochloric acid at 175°. 

Another method proposed by Jacobsen 
(Annalen, 184, 199) is to separate tho two sul- 
phonic acids by fractional crystallisation ; 
pseudocumenesulphomc acid is soluble with 
difficulty m sulphuric acid and crystallises out. 
On lieatmg to its melting-point ( 1 10°) and passing 
in steam at a temperature of 250°, pure pseudo- 
cumene IS obtained {see also Schultz and Herz- 
feld, Ber P909, 3602). Pseudocumene bods at 
168 2°, and has sp.gr. 0 877 at 18° (Schultz and 
Herzfeld, I c ) On oxidation with mtne acid, 
it yields two isomenc acids of the formula 
CeH3(CH3)aC02H — xylic acid and p-xylio acid 

2 F 
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— and a small quantity of the isomenc mcthyl- 
t^ophthalic and mcthyltcicphthalic acids 
C,1UVH,){C0M), 

(Bentley and Perkin, Chem Soc Trans. 1897, 
165) 

3. Sym^nHrical tiimeihyUjinzene {Mi^tlyltnc) 
C6H3(CH3)3(1, 3, 5) In coal-tar oil, in fraction 
boiling at 157^-162° (Fittig and Wackenroder, 
Annalen, 151, 292 , Schultz and Perl, Ber 1909, 
3602), and in Ameiican petroleum (Mabcrry and 
JIunn, Amer Chem J. 18, 215). By distilling 
acetone with sulphuric acid 

3C0(CH3),=CeH3(CH3)34-3H,0 
(Kustcr and Stollberg, Annalen, 278, 207 , 
Moyer and Mol/, Ber 1896, 2831), or by dissolving 
allyleno ClIjC.CH in sulphuric acid and dis- 
tilling with water 3CH3-C|CH— C6H3((dl3)3 
(Fittig and Schrohe, Ber 8, 17) (On the isola- 
tion of inesitylene from coal tai and the method 
of separatmg it from pseudocumene, v preceding 
paragiaph.) Liquid boiling at 164 5°; sp gi 
0 8768 at 4°/4° (Pei kin, Chem Soc. Trans. 1896, 
1193) Dilute nitric acid oxidises it to mesityl- 
enic acid CeH3(CH3)2CO,H and uvitic acid 
Cell3(CH3)(CO,H)2 ; with potassium perman- 
ganate it yields uvitic acid and trimesic acid 
CeH3(CO ,11)23(1, 3, 5) 

CUMIDINES CaHiaN Of the sixteen iso- 
meric cumichnes which have hitherto been ob- 
tained, pseudo- or i^-cumidine and mesidine are 
perhaps the most important These bases are 
derivatives of pseudocuniene and mcsitylene 
respectively, the fust of which is theoictieally 
capable of yielding three isomeiic \|^-cumidines, 
and the latter one cumidinc only 
Pseudocumidine, sym -^‘cumidine 
(CH3)30«H2 Nn2LCH3 CH3 CH3 NH3=1 2 4 5] 
can be obtained by mtiatmg pseudocumcnc with 
fuming mtric acid m the cold, and i educing the 
nitro- compound (m p 71°) with tin and hydro- 
chloric acid (Schaper, Zeitsch chem [2J 23, 1) 
The base is piepared technically by digesting 
xylicbno hydrochloride with methyl alcohol in 
an autoclave at 280°-300°, converting the ciude 
product into the nitrate, sejiaratmg the spai nigly 
soluble mtiatcs by means of a centnfugal 
machine, washing the pioduct with water and 
finally ticatmg with an alkali The mixture of 
bases consisting of cumidmcs and xylidines is 
then fractionated, and the portion distilling 
between 225°-245° is allowed to crystallise, 
and finally freed fiom non-crystallisable bases 
by pressure (Aktieiigesellschaft fui Anilm- 
fabrikation, D. R P 22265) The cumidme so 
obtained contains mesidino and other impurities 
(Hofmann, Ber 17, 1912 ; Engel, ibid 18, 
2229), but consists chiefly of Schaper’s pseudo- 
cumidme (c/ Hofmann, ibid. 15, 2895) which 
can be prepared in the pure state by digestmg 
o-4-xylidine [NH2 . CH3 . CH3 = 1 3 4] or para- 
xylidine with methyl alcohol under similar 
conditions (Nolting and Forel, ibid. 18, 2f'80) 

Properties — Pseudocumidine crystallises m 
large, lustrous prisms, melts at 63° (Hofmann), 
at 68° (Auwers, Ber. 18, 2661), and boils at 234°. 
It IS insoluble in water, but readily soluble in 
alcohol. The mtrate is charactensed by beinc 
very sparingly soluble in water. Its acetjd 
denvative ciystalhses in compact white needles, 
melts at 16 r (Edler, ibvd. 18, 629 ; Nolting and 


Baumann), at 164° (Auwers) and boils above 
360° Pseudocumidmo is used as a source of 
azo- dyes (D. R. PP 3229, 1878 ; 22265, 1882) 

<w-i^-cumidine [CH3 CH3 CH3 NH2=1.2.4:6J 
has been prepared by Edler (i.c.). it melts 
at 36°. 

t^-cumidine [CH3 CH3.CH3:NH2=1 .2 :4.3] is 
obtained by digesting o - 3 - xylidine hydro - 
chloride LNH2 (^113 CH3-I 2 3j with methyl al- 
cohol in an autoclave at 300° (Nolting and 
Eorel ; cf Mayer, Ber 20, 972) It boils at 
240° (Nolting "and Eorel), 236° and does not 
solidify at —15° (Mayer). Its acetyl derivative 
melts at 18()°. 

Mesidine LOH3 CH3 CH3 NH2= 1.3.5 2] is ob- 
tained by treating inesitylene with nitric acid 
(sp gr 1 38) and reducing the nitro- derivative 
with tin and hydrochloric acid (Eittig and Storer, 
Annalen, 147, 3) It can also be prepared by 
digesting o-meta xylidine [NHg CH3 OH3 — 1 2 4j 
(Hofmann, Ber 5, 715 , 8, 61) or ^-metaxjdidino 
[NH^ CHj 0113=1 2 6] hydrochloride (Nolting 
and Eorel) with methyl alcohol at 300° 

Properties ■ — Mesidine is a colourless liquid, 
which boils at 229°, and has a sp gr 0 9663 
'Phe acetyl dciivativo melts at 216° and crystal- 
lises in prisms 

/^ocumidine [('H3 CH3 CH3 NH2=1 2 3 5], 
prepared by digesting the hydrochloride of 
7-metaxylidino 

[NH3.CH3CH3=1 3.5] 

with metliyl alcohol, at 300° (Noltmg and 
Forel ; Limpach, Ber 1 888, 644), melts at 67°- 
68°, boils at 245°, and yields an acetyl deriva- 
tive melting at 163°“164° 

Para-aminopropylbenzene, formed by heating 
aniline, jiropyl alcohol, and zme chloride at 280° 
foi 8 hours (Louis, Ber. 16, 105 , Francksen, ibid. 
17, 1221), boils at 224°-226°. The acetyl 
denvative melts at 87°. 

0^thoamino^6opropylbenzene, - 0 - cumidine, 

formed by heating ammocuniK acid with baryta 
(Filctti, Gazz chim. ital. 13, 379; cj Constam 
and Goldschmidt, Ber 1888, 1158), boils at 
213 5°-214 5° at 732 mm The acetyl derivative 
melts at 72° 

Para amino isopropylbenzene, cumidine, formed 
by heating isopropyl alcohol, aniline, and zinc 
chloiide at 260°-280° (Louis, Ber 16, 111 , cf. 
Nicholson, Annalen, 66, 58), bods at 216°-218°. 
The acetyl derivative melts at 102°-102 5°. By 
oxidation with sodium chloiate and potassium 
fcrrocyamde in hydrochloric acid solution, 
cumidino yields a dyestuff of the aniline black 
series (Kirptischmkow, Chem, Zentr 1906, 1. 
829) By treatment with cyanogen chloride in 
pyridine solution, condensation is effected and 
a dyestuff is produced (Konig, D R. P. 156782 ; 
Chem Zentr 1904, u 1567). 

Ethylorthotoluidine, prepared by treating 
orthotoluidine in ethyl alcohol with zinc chloride 
at 270° (Benz, Ber 15, 1650), boils at 229°-230°. 
The acetyl denvative melts at 105°-105 5°, and 
boils at 313°-316°. 

CUMIDINE RED v. Azo- coloueing mat- 
tees. 

CUMIN, OIL OF, V. Oils, Essential. 

CUPFERRON V. Hydeoxylamine. 

CUPRATION. Copper albuminate. 
CUPREINE V. Cinchona Alkaloids. 

CUPRENE ( 07 He) 2 * A yellow substance 
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obtained by passing acetylene over reduced 
copper heated above 180°, and treating the brown 
solid so formed repeatedly with acetylene until 
no further change occurs. 

CUPRI-ADEPTOL. Copper m-phenol sul- 
phonate. 

CUPRISIN. Trade name for a preparation 
of cupnc cyanide and potassium cyanide, used 
for the treatment of trachoma. 

CUPRITE. Native cuprous oxide, CU2O, 
crystallising in the cubic system Brilliant, 
transparent crystals of a ruby-rod colour (hence 
the name ruby-copper-ore) are not uncommon ; 
sp gr 0*0 In the variety called dudcotrichite^ 
the crystals are capillaiy in form, being enor- 
mously elongated in the direction of one of the 
cubic edges, and are loosely matted together in 
plush-like masses. Another variety, Imown as 
tile-ore (Gor Zieqelerz), is earthy or compact 
and of a brick-rcd or brownish colour , it con- 
sists of an intimate mixture of cuprite and 
limonite, and has resulted from the alteration of 
coppcr-pyiites Cuprite is sometimes of im- 
portance as an ore in the upper oxidised portions 
of copper veins L J S 

CUPROCITROL. Trade name for copper 
citrate 

CUPROL. A compound of nuclcinic acid 
and copper 

CUPRONICKEL V Nickel. 

CUPROSILICON, Cuprous sihcidr {v. Copper) 

CURARA. CurafCf Uran, Wooran, Woorah, 
Woorara Curara is the airow poison of those 
tribes of iSouth American Jndians which inhabit 
the districts lying between the Amazon and the 
Orinoco It was first brought to Europe by Sir 
Walter Raleigh, m 1505, and from that time to 
this its origin and preparation have been much 
discussed by travellers and botanists A sum- 
mary of the eailier observations of La Con- 
damine, A v Humboldt and Bonpland, Water- 
ton, Schombiirgk, ('astelnau, Weddell, Thinon, 
Jobort, Crevaux, and others is given by J^lanchon 
(Pharrn J [3] 11, 4(50, 401, 520, 580, (>03, and 
754) It Ls sliown that curara is an aqueous 
extract of a mixture of many plants, one of 
which IS always a species of tStrt/chvos^ and gives 
to it the chief toxic power, whilst the remainder 
contribute those othei qualities which render 
the extract suitable for the tipping of airow 
heads O’he method of preparation adopted by 
one tnbe of Indians is desciibed by 8chomburgk 
{iM [3] 10, 046) The product differs some- 
what with the locality in which it is prepared. 
Planchon distinguishes four varieties . the 
curara of the Orinoco, of the Upper Amazon, 
of French Guiana, and of British Guiana The 
chief active ingredient in the preparation of the 
first IS a Strychnos plant, closely allied to 
Schomburgk’s S ioxifrra (J Pharm Chim [5] 
5, 20), of the secoml, 8 Casidnon (Weddell), of 
the third, S Crevauxiana (Baill.), and of the 
fourth, toxifera (Schomb ). 

As seen in Europe, curara is a brown to black, 
nearly solid, or even brittle, extract. It has a 
bitter taste, and in its poisonous action it is 
related, though opposed, to strychnine. In 
medicine, it has been occasionally employed in 
the treatment of tetanus and hydrophobia, but 
it IS not included in any pharmacopcBia. Great 
care is necessary in its administration, and the 
solution should first be tested on animals. 


For the earlier chemical investigations of 
curara, see Fluckiger (Arch Pharm 1800, 228, 
78). Our present knowledge is mainly due to 
Boehm (Ohem Zentr 1895, u. 1084 , 1897, 11. 
1078 ; Arch. Pharm 1898, 235, 660), who 
showed that the alkaloids of curara can be 
divided into two classes : (1) compounds similar 
to curine, partly crystalline and partly amor- 
phous, soluble in water with difficulty and pre- 
cipitated from solution by aminoaia, m which 
the characteristic toxic effect of curara is shown 
very slightly or not at all , (2) amorphous yellow- 
ish-red substances easily soluble in water as 
curarme, not precipitated by ammonia, and 
showing the most maiked toxic action. Of 
most specimens of curara, about 70-90 p.c. is 
soluble in tepid water ; sometimes, however, 
scarcely more than half is soluble Para curara, 
which IS imported in bamboo tubes and is the 
variety now usually met with in commerce, 
contains about 11-14 pc water, 12 p c ash, 
12-15 pc. cnrine CigHigOgN, which is isolated 
by extracting the raw material with water, 
precipitating by aqueous ammonia and ex- 
tracting with alcohol. It melts at 212°, and is 
obtained in crystals from benzene or alcohol 
with one molecule of the solvent or from methyl 
alcohol without alcohol of crystallLsation Tuho- 
curarine {paracurarme) C,9H2i04N was obtained 
as a reddish-yellow substance which forms about 
9-11 pc of raw curara. It is not identical 
with the previously known curarme, isolated 
from calabash curara The latter kind, which 
was sent over from the Orinoco vid Venezuela 
in small gouids, used to be the common variety, 
but IS now seldom met with , it is much supeiior 
to tube curare, and seems to be derived from 
Shydinos toxijera Eailier investigations, as 
a rule, refer to this The active principle, 
curarme CjaHshON^ (’), consists of haid glisten- 
ing garnet-red" lamina', decomposing and giving 
off a smell of tnmethylamine when heated to 
150°. A minute quantity of a second alkaloid 
was found to be present 

A third variety of curara, fiom the Upper 
Amazon, occurs in the market in small jars of 
unburnt clay. 'J’his differs widely m respect to 
active piinciple^s from the other vaiieties. The 
following substances have been extracted from 
it p)oto€iirmc G2oIl23^^3N> colourless needles, 
which turn brown at 160° and melt, with de- 
composition, at 306° , 2^^otocu7 uhne C19H21O3N, 
colourless prismatic crystals, m p 274°~276° ; 
and protocurarme CjgHg^OjjN (?), an amorphous 
red powder, more poisonous than the other 
curarmes. 

The inert, or slightly active, curine« appear 
to be tertiary bases, the curarmes are quaternary 
ammonium bases, and m this connection it is 
noteworthy that, according to Crum Brown 
and Fraser (Proc Roy Soc Edinburgli, 1869, 
560), nearly all ammonium bases paralyse motor 
nerve endings and have a curare-like effect. In 
the case of curine and tubo-curarine, at least, 
there seems to be a close chemical relationship ; 
both appear to be derivatives of methoxylated 
qumolme Curine methiodide produces the 
typical (?urare effect and resembles tubo- 
curarine. The colour reactions of curarme 
indicate a relationship to strychnme. Pure 
curarme is extremely active ; riiy-7^ mg* 
injected will paralyse a frog ; given by the 
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mouth it 18 mactive. It paralyses the motor 
nerve endings, but, even in large doses, leaves 
other tissues imatfccted Hence it is much 
employed in physiological research (c/. €,g 
Edmunds and Roth, Aincr J Physiol 1908, 23, 
28, 46). G. B. 

CURCAS OIL, purging nut oil, physic nut 
oil [Oleum int(rnal(), is obtained from the seeds 
of Jahop/ia cmcas (Linn ), ( puiging nut ’), by 
hot expression The seeds consist of bb P c of 
kernels and 34 p c of husks From the former 
there is obtained by extraction with ether 
52 p c of oil of a pale colour, beconiing yellow, 
witli a roddLsh tint, on cxposuio to the an 
Cliaracteiistic of the oil is its unpleasant odour, 
which assists in distinguishing curcas oil fiom 
other oils Most prominent are the stiong 
purgative properties of the oil, which are much 
moio pronounced than those of castor oil It 
may be distinguished fiom castor oil by its 
sparing solubility m alcohol, and ready solubility 
in petroleum spirit The oil belongs to the semi* 
drying oils , its liquid fatty acids consist of 
about eniiftl nroT>ortinn<a olni/. 


bark contains about four alkaloids, a httle 
ethereal oil, a bitter prmeiple, and a glucoside. 
Of total alkaloids theie is 1 8 p c fice and 0 b p.c 
in a combined state. By far the most abundant 
alkaloids are tasparirie and gahpme^ discovered 
by Koiiicr and Bohrmger (Gazz chim. ital. 
1883, 13, 363) They are removed from the 
etheieal percolate of the bark by shaking with 
20 p e acetic acid, which leaves small quantities 
of other bases behind The separation of cuspa- 
rine from gahpine is effected by fractional 
crystallisation of the free bases, fiom ligioin, 
but principally by conversion into the oxalates , 
cuspaime oxalate is veiy little soluble m watei, 
while galipme oxalate remains in solution 
(Troger and Kioseberg, Aich Pharm 1912, 250, 
494) 

Galipme C2oHoi()3N forms colouiless needles, 
mp 115^^, when puic the salts are colourless. 
Oxidation with peimanganate yields veratiic 
and methoxyquinoline caiboxyhc acids, whence 
Tioger and Krosebcig have suggested the 
following constitution • 


Angostura Bitters. It is b.-lipved that Angostura JUrk dop^ not loim .1 
onnstituent Spp .i.rtip|p on liiqiiPiiis anil Cordials in Vol .! 


ttiie 1.110 ons ooiamea irom ilie seeds of Jaliopha 
ohgandra (Mull ) and J. mulHfida (Linn ) 

J L 

CURCUMEINE v Azu- colouring maiteks 

CURCUMINv Turmeric. 

CURCUMINES V Azo- colouring matters 

CURCUPHENINEi; Azo-colouring maiters 

C URINE V Curara 

CUSCOHYGRINE v Cocaine and the Coca 
alkaloids 

CUSPARIA BARK. Angostma bail , Ca- 
rony hark. [Ecoice iV AngmlurCy Fr, , Angos- 
tura- Rimle, Ger ) The baik of the Cuspaiia 
febnfuga (Hiemb ) or Galipea cuspana (tSt 
ildaire), a tree inhabiting the mountain dis- 
tricts drained by tiic Orinoco [cf Bentl a Turn 
43) Confusion has sometimes occurred between 
cuspana and mix vomica bark The two barks 
may, however, be readily distmguished by tieat- 
ment with a drop of nitiic acid, which either 
deepens the colour of the cuspana or gives it a 
bluish shade, while nux vomica, similarly 
treated, exhibits a blood-icd colour Several 
other barks hafve, from time to time, been sub- 
stituted for true angostura (For these, and the 
mode of detecting them, v Pereira (Mat Med 
3rd ed 2, 1915) ; Maisch (Amcr. J Pharm 
1874, 50) , Cazeneuve (Rep de Ptiarm 1874, 
261) ; Oberlm and Schlagdenhauffen (Pharm 
Zieit 1878, 853) ) For the bark of Esenheckia 
febnfuga^ which enters commerce under the 
name of angostura bark, see Hartwich and 
Gamper (Arch. Pharm. 238, 568). Cuspana 


red, Frohde’s leagent a dcLq)-blue, colouiation 
On melting its salts with ojganic acids, it 
changes to pyrocuspat me CigHigOsN, m p. 
255'\ which biise gives well-ciystalliaed salts 
Like galipme, cusparinc seems to be a quinolme 
doiivative (Tioger and Beck) It is a tertiary 
base, and contains one mothoxyl giou]! As 
irotocatechuic acid is obtained by potash 
usion, it is conceivable that it contains a 
methylencdioxy group instead of the two 
methoxy groups of galipme, which would bo m 
accordance with the empirical foi inula Cns- 
fjareine accoiding to Troger and 

Runne (Arch Pharm 1911, 249, 174), is ex- 
tracted by light petroleum from the amorphous 
bases left after crystalhsation of cuspaime and 
galipme it melts at 56°, distils almost without 
decomposition, contains two methoxy groups, 
and yields quinoline on zme-dust distillation 
Troger and Runne also desciibe gahpotdtne 
C19H15O4N, m.p 233°, and Troger ancl Beck 
(Ic) yet another alkaloid GigHjaO^M (?), mp 
186°. Ousparidine and galipidine of Beckurts 
and Nehimg aie, according to Troger and 
Kroseberg, merely mixtuics of cusparme and 
galipme Other papers on angostura alkaloids 
are by Troger and Muller (Arch Pharm. 1910, 
248, 1 , 1914, 252, 459), by Beckurts and 

Nehrmg (Arch Phaim. 1891, 229, 591), and by 
Beckurts and Frerichs (Arch. Pharm 1905, 
243, 470). 

The essential oil (from Cuspana tnfohatat 
Engl.) IS described in Schimmel and Co.’s Semi- 
Annual Report, Apnl, 1913. The yield was 
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103 p.c. of the bark ; dV* 0-9283 ; a“-7 32” ; 

1 50744 ; colour, pale brown ; acid number, 
1 8 ; ester number, 5 ’5 ; acetyl number, 35 7 , 
the oil IS not completely soluble even in 9 volumes 
of 90 p c alcohol. 

Angostunn CoHigOg, m p 68*^, is a crystal- 
line bitter principle, readily soluble m water 
and in alcohol, but not in ether (Beckurts and 
Nehring) 

Angostura bark is a constituent of ‘ Ango- 
stura bitters,’ and is used in medicine as a tonic 
in derangements of the alimentary canal, but 
it is not included in the B P nor in the U 8 P 

G. B. 

CUSSO, KOUSSO, V Kosin, art. Resins. 

CUSYLOL. Trade name for soluble copper 
citrate 

CUTCH, (yonsiderablo quantities of cutch 
are now prepared in Burma. It is obtained 
from the Acacia Catechu, the trees being felled 
while green, the bark taken off, and the timber 
chopped up and boiled in largo cauldrons. 
The resultant liquid is drained off, and solidifies 
as it cools In the better qualities of cutch 
only the heart- wood of the tree is utilised Cutch 
IS brought to the market in several forms, the 
three piincipal ones being* (1) tablets — small 
rectangular blocks weighing from 1 to 2 lbs ; 
(2) blocks — more or less square blocks weighing 
from 28 to 50 lbs ; (3) baskets — a soft cutch 
of a thick consistency. Tablet cutch is the best 
quality, and basket cutch the lowest Block 
and basket cutch usually contain more impurities 
than tablet cutch On arnval in Rangoon the 
cutch is 2 ^acked in wooden easels (usually con- 
taining I cwt net), and is then ready for export 

Cutch trees are found throughout the whole 
of Burma, but the principal producing districts 
are Promo, Thayetmo, Myingyan, Minbu, Pegu, 
Yamethm, and Pyinmana 

Cutch is used largely as a dye, and for 
tanning, and as a preservative, csjiecially for 
preserving fishing nets and sails Sec aho 
Catechu 

CYANACETIC ACID Malonic acid 

CYANELLAGIC ACID Cyanellagic acid 
Cj^HgOio IS prepared by heating cllagic or 
ll.ivcllagic acid with 100 ji c sulphuiic acid at 
l85'’-230° (Perkin, (’hem 8oc Proc 22, 114), 
or with arsenic and sulphuric acids at 130‘’ It 
crystallises from pyridine in small yellow pris- 
matic needles, and is soluble m strong alkaline 
solutions with a green-yellow tint, changing to 
deep blue on dilution. The hexa-acetyl deriva- 
tive ('i 40 io(C,H 30 g), forms colourless needles, 
melts at 330’^-332”, and the hexabenzoyl com- 
pound, colourless needles, m p 343^-345° Cyan- 
ellagic acid is most probably dihydroxyellagic 
acid, and m this case jiossesscs the following 
constitution , — 


0— CO- 


OH' CO— O 

\/ 

OH 


MoS 


It dyes mordanted fabrics more readily than 
ellagic acid A G. P. 

CYANIDES. Compounds of the radical 
cyanogen CN The history of the cyanid 


industry begins with the discovery of Prussian 
blue by Dies bach in 1704 (H. Kopp, Geschichte 
der Chemie, 4, 369) While attempting to 
make Florentine lake by precipitating a mixture 
of cochineal infusion, alum, and ferrous sul- 
phate with an alkali, he obtained a blue colour 
The alkali used was potksh, over which Dipjiel 
had distilled his animal oil, and Dippel recog- 
nised m this the source of the blue colouring 
matter. The new blue very quickly came into 
use in place of ultramarine, and in 1710 it 
was sold at one-tenth the price of the latter. 
The method of manufacture was a scciet until 
1724, when Woodward showed that the blue 
could be jirepared by calcining blood with 
potassium carbonate and then treating the 
aqueous extract ^ with ferrous sulphate and alum, 
the greenish prccijutate so obtained yielding 
Prussian blue when treated with hydrochloric acid. 

This, m its essential features, was the 
method of manufacture which supplied the 
WOT Id’s requirements of cyanogen compounds 
for neaily 150 years 

Macquer, in 1752, showed that alum is not 
required, and that Prussian blue, when boiled 
With an alkali, yields feiric hydroxide and a 
soluble salt from whu h the blue can be re- 
generated This salt, potassium ferrocyanide, 
was hrst obtained in the crystalhne form by 
Sage m 1772 

The brilliant researches of Schecle, 1782-8 
(Chemical Essays, London, 1786), Berthollet, 
1790 (Ann Chirn Phys 1790, 1, 30), and of 
Gay Lussac, 1815 {ihid 1815, 95, 156), m the 
course of which the relationships of tlie ferro- 
cyanides, hydrocyanic acid, cyanogen, and 
many of their derivatives were discovcicd, laid 
a firm scientitic foundation foi the industry 

Prussian blue was manufactured in Great 
Britain in 1770 by Bramwell & Co of Newcastle , 
it sold then at 2 guineas per lb ; the jirice had 
fallen in 1815 to IO 5 6d , in 1820 to 2^ 6d , and 
in 1850 to Is dd (’rystallised potassium ferro- 
cyanide was first known m commerce about 
1825, the price being 5^ per lb , although a 
solution had been sold previously (Graham, 
Reports of Junes, Exlub of 1851, 1, 95) 

The conversion of potiussium ferrocyanide 
into potassium cyanide by fusion with potassium 
carbonate, was first described by F and E. 
Rodgers m 1834 (Phil Mag. 1834 [3] 4, 91), but 
the simjilo cyanides were not used in any con- 
siderable quantity untd the process of electro- 
plating with gold and silver, from a cyanide 
solution, was discovered by J R and H Elking- 
ton m 1840 (Eng Pat 8447, of 1840) 

An interesting ajijJication of potassium 
ferrieyamde was discovered by Sir J Herschel 
in 1842 (Phil Trans. 1842) Paper, treated 
with a solution containing feme ammonium 
citrate and potassium femcyanidf', becomes blue 
when exposed to light, owing to the reduction of 
the feme salt and consequent formation of 
Prussian blue Paper sensitised in this way is 
used for the reproduction of engineering 
drawings. 

A ve^ remarkable attempt was made by 
Possoz and Boissiere in the year 1843, to manu- 
facture cyanides from atmospheric nitrogen ; 

• Liximum sanguinis or blood-lye, whence the 
German name of potassium ferrocyanide, ^hlutlaugen- 
sah: 
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this is described under the heading Potassium 
CYANIDE. 

The year 1860 witnessed three important 
developments m the cyamde industry. Gauticr- 
Bouchard (A W Hofmann, Reports by the 
Juries, Inter Exhib of 1862, 69-63) began to 
produce prussiate from the spent oxide of the 
Pans gas works A Gel is (Eng Pat 181(>, of 
1860) synthesised it from carbon cbsiilphide 
and ammonia ; and Margiientte and de 8our- 
deval (Eng Pat 1171, of 1860) attacked the 
problem oi the fixation of atmospheric nitrogen 
by means of barium oxide and carbon. 

The existence of cyanogen compouncLs in 
coal gas was known in 1843, and possibly still 
earlier. E Jacqiiemyns (Annalcn, 184.3, 46, 
236), whose attention was drawn to them by 
H. Rose, says that he found none in gas lime, but 
obtained 0 7.6 gram of Prussian blue per litre 
from ammonia licpior 3’he purification of coal 
gas by means of iron oxide was intioduced in 
-1847. Owing to the repeated use of the same 
quantity of oxide, the cyanogen compounds 
accumulate m it in a relatively concentrated 
form, and it was therefore naturally the first 
gas works product to bo used m their manu- 
facture Prussian lilui', made from spent oxide, 
was exhibited by Gauthiei- Bouchard at the 
London Exhibition of 1862 

Both the process of Gclis and that of Mar- 
guentte and cle Sourdeval were soon abandoned 
by their inventors , the iccovery of (*yanides 
from spent oxide, on the other hand, developed 
fairly rajudly, and, according to Dupre (Journ 
fur Gasbcleuchtung, 1884, 88.6), there were, m 
1884, 10 works making prussiate by this 

means. 

The competition of the gas works ferrocy- 
anide, the increasing cost of nitrogenous oiganic 
matters (which were lieing more and more used 
as fertilisers), and the diminished use of Pjussian 
blue due to the competition of blue colouiing 
matters deiived from coal tai, led to the dis- 
appearance of the old process in Europe about 
this time 

In the United States of America, it appears 
to have held its own somewhat longer , the 
returns of the U S Census for 1900 (Bulletin 
No. 210, 31, 1902) show 18 works engaged m 
the manufacture of cyanides with a joint 
annual production of 2752 tons of yidlow 
prussiate, almost entirely made from hoofs, 
horns, and scrap leather, only 1200 tons of spent 
oxide having been used 

Between 1875 and 1886, the sulphocyanides, 
esjiecially the tin and aluminium salts, appear to 
have been used in calico pnnting instead of the 
acetates (Bertelsmann, Die Tcchnologie der 
Cyanverbindungen, 303), and G61is’ synthesis 
was taken up and improved by Gunzburg and 
Tcherniac (Eng Pat 1148, of 1878, 1359, of 
1879, 1261, of 1881), but without financial 

success. 

In 1887, J S Mac Arthur, R. W and W 
Forrest (Eng Pat 14174, Oct 19, 1887; 10223, 
of 1888) patented their process for the extraction 
of gold and silver from their ores by means of a 
dilute solution of a cyanide. The pfocess was 
earned out by allowing a solution contaimng 
0 25 p c or less of potassium cyanide to perco- 
late through the ore, which was usually ground 
to pass a sieve with 40 or 60 holes to the linear | 


inch. The gold is dissolved m the form of 
potassium aurocyanide, and is recovered from 
the solution by passing it through a mass of zinc 
shavings. 3'he process was first put into 
practice at Karangahake, New Zealand, in 1889, 
and near lohannesburg, Transvaal, in 1890. 
The success of these installations led to a very 
rapid adoption of the process in all the gold- 
producing countries of the world. 

Prior to the introduction of this process, the 
cyanide industry was quite a small one. The 
world’s consumption of potassium cyanide 
(produced exclusively from feriocyanide by the 
iWlgers process) (F Roessler, V Intel nationaler 
Kongress fur Angewandte (’hcniie, Berlin, 1903, 
1, 638) did not exceed 50-70 tons per annum 
(G Beilby, J iSoc Chem Ind 1898, 134) and 
that of yellow piussiate was probably under 
rather than over 5000 1-ons (worth together about 
325,000/ ) 

Ten years later, just before the Transvaal 
War, the European production of potassium 
cyamdc was estimated by Beilby (V Inter 
Kongress Angcw (3iem Berlin, 1903, 1, 630) as 
.6500 tons, aclding the American production of 
about 1000 tons (U S Cimsus Bulletin, No 210, 
31, 1902), we arrive at a total production of 
6500 tons 

- The increased quantities of potassium 
cyanide required by the gold-mines were at fiist 
supplied by fusing potassium feriocyanide with 
potassium carbonate, and very soon afterwards 
fcy E. Erlenmeyer’s process (Ber 1876, 1840), 
m which dry prussiate and metallic sodium are 
used : K 4 Fe(CN)e-f 2Na=-2Na(N+4KCN + Fo 
Synthetic processes producing cyanide direct 
without the intervention of prussiate, were also 
proposed m great numbers. 3’he approximate 
numbers of patents connected with cyanide 
manufacture applied for were 1889-1898, 
104, 1899-1908, 129, 1909-1917, 106 The 
principal processes which have been worked 
with some mcasuie of success, are — 


Process 

Where worked 

Began jiro- 
liuctioii 111 

Siepermann 

Stassfuit, Germany. 

1892 

Beilby. 

Glasgow, Scotland 

1892 

Biitish Cyanides 

Oldbury, England 

1895 

Raschen. 

Runcorn, England. 

1898 

Read man. 

Leven, Scotland. 
Germany, Scotland, 

1899 

Castner. 

1899-1900 

Bueb 

USA 

Dessau, Germany. 

1902 

( ‘ Schlempe *). 



These, and others, are described fully below 

The recovery of cyanides from the products 
of distillation of coal was also improved by the 
introduction of special cyamde scrubbers during 
the decade 1890-1900, whereas the iron oxide 
purifiers had yielded but little more than one-half 
of the cyanogen m a useful form, the newer 
processes give an almost quantitative recovery. 

About the year 1900 the fruit trees of Cali- 
fornia and the Southern States of Amenca were 
threatened with extermination by a parasitic 
scale The investigations of the Experiment 
Stations of the U S Department of Agnculture 
showed that this could bo killed without injury 
to the trees by fumigation with hydrocyanie 
acid. The method, which was introduced 
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about 1903, is now vesy widely used, both in the 
United States of Amenca and in other countries. 
It has also been extended in other directions, 
such as killing insects in hot-houses, and freeing 
railway carnages and houses from vermin (in 
South Africa). Details will be found under the 
heading Hydrocyanic acid Statistics collected 
by George P. Gray show that the consumption 
of sodium cyanide for fumigating citrus trees 
dunng 1916 in the State of California alone 
exceeded 1300 tons (J Ind. Eng Chem. 10, 
301, 1918). 

Another application which may be mentioned 
is m case-hardening iron ; immersion in fused 
cyanide produces a very hard skin on mild 
steel, and both cyanides and ferrocyamdes 
have long been used for this purpose in ordinary 
workshop practice. According to J E Bucher 
(J Ind Eng Chem 9, 236, 1917), the reversible 
reaction 2 NaCN^ 2 Na-|- 2 C-f-N 2 takes place 
in presence of iron ; if pure iron is heated with 
sodium cyanide the latter is decomposed and 
the carbon combines with the iron , if, on the 
other hand, carbonised iron is heated with 
sodium and nitrogen, tlie carbon is removed 
from it, and cyanide formed. 

Potii-ssiurn cyanide, as used in electro- 
plating, was a mateiial having the appearance 
of unglazed porcelain, and containing from 30 
to 70 p c. of KCN, together with largo quanti- 
ties of carbonate and cyanato The mateiial 
supplied to the gold-mines in the early days of 
the gold-extracting process was a black mass 
containing some 75 p c of KCN, and all the iron 
and carbon liberated by the decomposition of 
the ferrocyanide This w<as replaced by the 
pure white crystalline product of tlic Erlen- 
moycr process, which contained about 2 mole- 
cules of KCN to 1 molecule of NaCN, the cyano- 
gen content being about 40 pc, equivalent 
to 98-100 p c of K(5N. The earlier pioduce of 
the Beilby process was in the form of cakes, 
which were coloured black by a small per- 
centage of chaicoal Later, by hltration of the 
molten cyanide, the charcoal was removed, 
and the product was white or pale grey, and 
free from insoluble impuiities Shortly after 
the introduction of the (^ustner process, in 1900, 
solid cakes of pure white crystalline sodium 
cyanide, containing 97 p c. to 98 p c of NaCN 
(equivalent to 129-130 p c of K('N), became an 
article of commerce, and this is at present the 
form in which the greater part of the cyanide 
employed in gold-extracting is used Sodium 
cyanide, obtained by the evaporation of aqueous 
solutions, as m the Readman and ‘ Sehlempo ’ 
processes, is compressed into briquettes, which 
contain about 90 p c of NaCN. 

Potassium ferrocyanide has also been re- 
placed to a very large extent by the sodium salt 
which 18 quite easily prepared by the more 
recent methods of extracting the hydrocyanic 
acid from coal gas by special cyanogen- 
washers 

The rapid rate of increase in the world’s 
consumption of cyanide which followed the 
introduction of the gold-extracting process has 
not been maintained. Since 1909 the annual 
value of the world’s gold output has been almost 
stationary at a little more than 90,000,000/ , 
and improvements in the process of extraction | 
have everywhere tended to diminish the quantity i 


of cyanide needed to produce this. On the Rand, 
where this tendency seems to have almost reached 
a hmit, the average consumption of cyanide is 
0 4 lb. KCN per ton of ore tieated (H A. White, 
J. Chem Met and Mm Soc S Africa, 1915, 
16, 24). Increased use in the treatment of 
silver ores (much delayed, however, by political 
troubles in Mexico) and in agriculture have kent 
the world’s consumption n*om 1910 to 1920 
approximately constant at, in round figures, 
20,000 tons per annum. In 1912 and 1913 
Germany exported 6700 tons per annum (The 
Mineral Industry, 1917, 25, 882) The deficit 
caused by the cessation of these exports on 
the outbreak of war in 1914 has been covered 
by increased production in Great Britain ; a 
I temporary shoitage in the Umted States was 
soon overtaken by the American makers 
! Manufacture of Potas^avni and Sodium 
FernKyamdfs — (1) From nitrogenous organic 
matter 

The method of manufacture from nitro- , 
genous organic matter is now only of historical 
interest 

The sources of nitrogen were horn, dried 
blood, liair, waste wool, and feathers (15-17 p.c. 
N), woollen rags (lO-lfi pc N), pigs’ bristles 
(9-10 c N), and old leather (4 5-7 pc N). 
These materials weie sometimes charred before 
use, about 80 p c. of the nitrogen bemg driven 
off in the form of ammonia, hydrocyanic acid, 
and a complicated mixture of nitriles and 
organic bases 

'riie process was carried out at first in pear- 
shaped, cast-iron muffles, which were replaced 
later by reverberatory furnaces, the beds of 
which were formed of cast-iron pans, 5 feet long, 

3 feet wide, 4 inches deep, and about 2 inches 

thick A ehaige of 2 cwt of potash (usually 
made up of 2 parts of the ‘ blue salt ’ rin overed 
in a later stage of the process, and 1 part of fresh 
potash) was put into the pan and fused with 
18-20 lbs of non turnings ; 2 cwt of the dry 
mtrogenous materials were then stined in 
gradually (2 5 to 3 cwt of charred material 
could be added without making the mass too 
pasty) 3’he temperature was then raised in 
order to complete the reaction, and the melt 
ladled out into iron moulds After solidifica- 
tion, it was broken up and digested for 24 hours 
with water at and finally extracted 

completely with boiling water 3’he solution 
obtained contained potassium ferrocyanide, 
sulphocyamde, carbonate anil sulphide It 
was evaporated to sp gr 1 28, and allowed to 
crystallise Further evaporation yielded a 
second crop of impure crystals, the mother 
liquor of which was evaporated to dryness, 
leaving a mixture of potassium carbonate and 
sulphide, known as ‘ blue salt ’ which was re- 
turned to the fusion pan 

The black insoluble residue left from the 
extraction of the ‘ metal,’ as the product of the 
fusion was called, contained considerable 
quantities of potassium, mainly in the form of 
potassium ferrous sulphide and of double 
potassium, calcium, and aluminium silicates. 

The qiJkntity of ‘ metal ’ produced was very 
little greater than the weight of potash used, and 

4 charges were put through in 24 hours, but 
practice varied considerably : C Karmrodt 
(Wagner’s Jahresber. 1857, 3, 139) speaks of 
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0 charges of 500 lbs. each as the normal output 
of a pan m 24 hours 

Tlie yield of ferrooyanide was seldom more 
than 20 p c of the quantity theoretically ob- 
tainable from the nitrogen in the materials used 
when they were not previously charred Using 
charred materials, as much as 57 p c of the 
remaining nitrogen was converted into ferro- 
cyamde, corresponding with a yield of about 
12 p c on the nitrogen originally present 

The quantity and composition of the black 
residues varied greatly with the kind of organic 
matter used I’he mam constituents were carbon 
(4-9 pc), ferrous sulphide, iron, and in- 
organic substances derived from the ash of the 
animal matters and adhering dirt, the principal 
being silica, lime, alumina, and phosphoric acid 
The quantity of pota.ssium combined with these 
substances m an insoluble form was considerable 
According to Karrnrodt (Wagner’s Jahresber 
1857, 3, 139), 100 parts of ‘metal’ made (1) 
from horn gave 18 7 p e of dry residue, con- 
taining 122pc ofK 20 ,( 2 ) from rags, 28 3 p c 
of residues, with 16 7 p c KgO ; (3) from leather, 
35*1 p c of residue, with 10 2 j) c K^O These 
quantities repiesent about 41, 9, and 7 p c. 
of the potassium contained m the original 
charge, and since only some 10 p c of this is 
converted into ferrocyanido at each opeiation 
(R Hrunqiiell, Wagner’s Jahresber 2, 102, 
1856), the loss of potash in the residues appears 
to have been from 45 to 90 p c of that usefully 
employed Potash was also carried away with 
the flue gases The iron pans survived several 
hundred operations 

The theory of the process was first given by 
Liehig (Annalen, 1841, 38, 20). Scheele (Chemi- 
cal Essays, London, 1786 , rejirmted 1901) had 
already shown that lixivium mngmvt9 is essen- 
tially a solution of potassium cyanide and that 
the addition of a ferrous corniiourid is necessary 
to convert it into prussiate Liebig confirmed 
this by extracting the ‘ metal * with alcohol, 
which dissolves out potassium cyanide, leaving 
a residue from which no ferrocyanide can be 
obtained. He attributed tlie formation of the 
cyanide partly to the action of ammonia (formed 
by destructive distillation of the organic matter) 
on carbon, C-fNHg — HCN-j- Ho, and partly to 
the action of potassium on the nitrogenous 
residue of carbon It may be remarkeil that 
the temperature of the fusion could not have 
exceedeil 1000°, since cast iron melts about 
1100°, and the pans witlrstood some hundreds of 
fusions The temperature, too, was lowered by 
the addition of the organic matter, occasionally 
sufficiently to caiLse the charge to solidify, so 
that the reaction between ammonia and carbon, 
which requires a temperature of about 1000°, 
could not have occurred to any great extent 
The direct action of ammonia on potassium 
carbonate would, however, take place, although, 
the ammonia being evolved on the surface 
of the mass, the conditions were not favour- 
able to it As to the second of Liebig’s 
reactions, the writer has found that potassium 
is not formed in appreciable quantity from a 
mixture of charcoal and potassium carbonate 
below about 1200°, certainly not at 1000°, so 
that the greater part of the cyanide must have 
been formed by the action of potassium carbonate 
itself on the unknown carbon-mtrogen com- 


pounds contained in the charred organic matter. 
That cyanide may be formed m this way is 
indicated by the fact that carbazol, when heated 
to redness with caustic potash, yields consider- 
able quantities of it (G Kraemer, Eng Pat. 
16529, of 1894). The role of sulphur in the 
process was explained by Liebig thus : potassium 
sulphate, whicli is always present m the potash, 
IS reduced by carbon to sulphide, carbonate, 
and polysulphide The latter dissolves iron, 
forming a double sulphide of iron and potassium 
which, when the product is lixiviated, dissolves 
m the potassium cyanide solution thus : 

6KCN -f FeS - K 4 Fc(CN) « -|- K^S 
If insufficient iron is present in the fusion, 
the polysuljihido is not entirely decomposed, 
and pota.ssium sulphocyanido is also formed 
R Hoffmann (Annalen, 18()0, 113, 81) in- 
vestigated the behaviour of the sulphur com- 
pounds m the process in some detail, and 
found that the sulphur of potassium sulphide 
IS rapidly and completely removed by iron alone 
in the fusion process, and that the same is true 
of potassium sulph.ite in presimce of carbon. 
When organic matters ai(‘ added to the sulphur- 
free melt, however, sulphocyanido is produced 
m proportion to the (piantity arlclod Hoff- 
mann, therefore, attiibutes its formation to the 
oiganie sulphur 

The b(*haviour of potassium sulphocyanido 
in the fusion is not eleaily understood Hoff- 
mann found that it is completely dccomjioscd by 
fusion with excess of potassium carbonate, 
yielding cyanate and sulphide , ^ but if the 
mixture is again lieal(‘d with carbon, the sul- 
phocyanide is regenerated It appears, there- 
fore, that, under the conditions of the process, 
sulphocyanide is not decomposed The reac- 
tion between iron and sulphocyanide is described 
below 

A part of tlie sulphide of iron formed is 
present in the form of a potassium ferrous 
sulphide, FeS ^rKgS, which dissolves in hot 
water to a dark-green, colloidal solution winch 
13 coagulated by cooling or by adding excess of 
potassium carbonate Another part is pro- 
bably present in the form of the erystallme 
potassium ferric sulphide KoSFe.S^, obtained 
by K Preis (J pr Chem 1869, ‘‘107, 10), by 
fusing together finely divided non, potassium 
carbonate, and sulphur He found that the 
crystalline sulphide was foimed at vciy high 
tmnperatiires, and the amorphous one, yielding 
the green solution, at lowei temperatures. 

The reaction between potassium cyanide 
and feme sulphide 

13K:GN-hFe,83=2K4Fe(CN)6+KS0N-f2K2S 
would give a ratio of cyanogen m the form of 
sulphocyanide to cyanogen in the form of ferro- 
cyanide of 1 • 12, whilst Hoffmann, in 10 experi- 
ments, found ratios var 3 nng from 1 5 to 1 . 18 

The improvements in the process which were 
proposed aimed at saving the ammonia evolved 
in the early stages by distilling the organic 
matters separately and passing the ammonia 

' I can coiiflrm the accuracy of this observation 
Equal molecules (4 potassium carbonate and sulpho- 
cyarilde were fused together in a closed aluminium 
crucible at 500“-r>S0" for IJ hours, a little more than 
half of the materials had reacted in accordance with the 
equation KSCN+KaCOg-KCNO-HKaS-f CUg.—T E. 
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through a red-hot mixture of potash and char- 
coal (Brunquell, Wagner’s Jahresber 1850, 2, 
102), or a similar mixture with iron added 
(Karmrodt, ihid 1857, 3, 139), or over red-hot 
charcoal forming hydrocyanic acid which was 
to be absorbed, together with the unchanged 
ammonia, m a solution of ferrous sulphate 
(Brunquell) These proposals, unfruitful at the 
time, are interesting as foreshadowing processes 
which came into successful operation nearly half 
a century later 

The belief, which prevailed until about the 
end of the nineteenth century, that cyanogen 
compounds are more easily produced from potash 
than from soda, is not entirely m accordance with 
the older experimental evidence The truth 
appears to be that equally good results can be 
obtained with sodium carbonate under suitable 
conditions, but the conditions are not so easily 
realised 

L Possoz (Compt rend 1858, 47, 200) ob- 
tained, under manufacturing conditions, 5 parts 
of sodium prussiate, instead of 25 parts of the 
potassium salt, from 100 paits of horn R 
Hoffmann (Annalen, 1800, 113, 81), using a very 
high temp(‘rature and sodium carbonate, got 
the equivalent of 11 parts of potassium ferro- 
cyanide from 100 parts of woollen rags, against 
10 to 14 parts with potash, and 8 Tanatar 
(J)ingl poly J 1880, 237, 234) obtained the 
results tabulated below, as the means of 3 to 5 
experiments : — 

Blood Prussiate 

charcoal NaoCOg NaCl CaCOg obtained 

10 25 — — — 2 15 

10 — 25 — — 0 2 

10 — 5 25 — 2 17 

10 — 5 25 3 2 3 

Manufacture of Potassium and Sodium 
Ferrocyanides — (2) From the products of distilla- 
tion of coal The coal used in the manufacture 
of illuminating gas may bo taken to contain 
from 1 to 1 9 p c of nitrogen (Drehschmidt, 
Journ fur Gasbeleuchtung, 1904, 077 ; J 
McLeod, J Soc (’licni Ind 1907, 20, 137) 
When th(‘ c’oal is distilled, a part of this nitrogen 
passes into the gas in the form of ammonia, 
hydrocyanic acicl and free nitrogen, a small 
part IS found in the tar, and the remainder in 
the coke The distribution of the nitrogen 
between these pioducts vanes considerably, 
being influenced by the nature of the coal, the 
amount of moisture in it, the temperature of 
distillation, and the kind of letort used The 
following table indicates the magnitude of tlie 
quantities involved when the coal is distilled 
dry: 


No 


1 P c of the total N of the coal in 



Coke NIfg HCN Tar Gas 

1 

Durham . 

48-7 14 6 1 0 — 35 2 

2 

Westphalia 

50 12-14 1 8 1 5 30 0 

3 

— 

48 16 2 — 36 

4 

Scottish . 

68-3 17 1 1 6 3 9 19 6 


1. Foster, J Gas Lighting, 1882, 1081 

2. Knublauch, J. Soc Chem Ind 1896, 15, 
106. 


3. Chief Inspector of Alkali Works, 43rd 
Report, 1906, 68 

4. J McLeod, J. Soc Chem Ind 1907, 26, 
137 ; and Alkali Works, 44th Report, 1907, 215 

The effect of temperature on the distribution 
of the nitrogen has been investigated by O 
Simmers bach (J. Soc Chem Ind 1915, 34, 895), 
using a iSilcsian coal containing 1 396 p c of N 
The following table contains some of Ins results 


Temp 

as N Hg 

as HCN 

1 in tar 

as Ng in gas 

in coke 

600 

7 81 

0 25 

2 12 

18 13 

71 69 

800 

21 28 

0 87 

! 3 47 

10 73 

63 65 

1000 

23 15 

123 

1 4 11 

21 53 

49 98 

1200 

22 84 

1 42 

1421 

45 10 

26 43 


Even the ammonia liquor from low tempera- 
ture carbonisation retorts working at 427^^-455° 
contains traces of cyanogen compounds (Alkali 
Works, 45tli Report, B)08, 52) 

Hydrocyanic acid is conveited into ammonia 
by water va^iour at the temperature of distilla- 
tion used in gas works and coke ovens 

HCN f HoO-NHg + CO 

(Carpenter and Linder, J Soc (9]cm Ind 
1905, 24, 63) The gas from coke ovens dis- 
tilling coal with some 12 p c ol moisture theie- 
fore contains about two-thirds of the quantity 
of hydiocyanic acid found m the gas made fiom 
almost dry coal m gas works 

The gas leaving the rctoits contains the 
whole of its cyanogen in the form of hydro- 
cyanic acid (Alkali Woiks, 43id Rep 1906, 
33), the fate of this depends on the process of 
purilication adojitcd In common jiractico 
j about one-third of it is condensed along with 
the ammonia m the virgin liquor and ammonia 
sernbbers in English works (Alkali Works, 
43rd Rep lOOt), 61), but less in many Geiman 
works, wlu're less water is used in the sciubbeis 
(Bertelsmann, Technologic der (Jyanveibin- 
dungen, 171) The gre.iter part of this is t (inverted 
into sulphocyanide, and escajies hnally in the 
effluent from the ammonia stills From 50 to 70 
pc IS caught in the iron oxide puiifiors, the 
remainder passing away with the gas, where it 
IS a source of damage to meters and gas-holders 
A more complete recovery is obtainable when 
one of the cyanide washers desenbed below is 
placed before the ammonia sci libbers Up to 
1908 attempts to recover cyanogen compounds 
from coke-oven gases had been unsuccessful 
(Alkali Works, 44th Rep 1907, 40) 

The total quantity of cyanogen compounds 
formed during the destructive cbstillation of coal 
IS very considerable In 1912 the world’s pro- 
duction of ammonium sulphate was 1,144,000 
tons. In Great Britain over 70 p c of the pro- 
duction came from gas works and coke ovens 
in which roughly one molecule of hydrocyanic 
acid accompanies ten molecules of ammonia 
Assuming the same conditions in other countries, 
it appt%.r8 probable that hydrocyanic acid 
equivalent to 80,000 tons of KCN is formed 
annually ; only a small part of this is actually 
recovered. 

Formation of HCN from Ammonia and Carhem, 
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— The earliest synthesis of hydrocyanic acid 
was effected by (^louet (Ann. de Chim. 1791, 
11, 30), by passing dry ammonia over wood 
charcoal heated to bright redness in a porcelain 
tube. This reaction has been studiecl quanti- 
tatively by E Bergmann (Joiirn. fur Casbel 
1890, .39, 117), 1) Lance (Compt rend 1897, 
124, 819), (t a. Voerkelius (Dissertation, 

Hannover, 1909), and (Carpenter and Linder 
(Alkali Works, 45th Rep 1908, 20 ; 40th Rep 
1909, 21) The formation of hydrocyanic 

acid begins at about 700°, and the best yields, 
calculated on the ammonia used, are obtained 
at temperature^s between 1000° and 1100° 
The reaction NH j-f C HCIN+H^ is reversible, 
and should lead to an equilibrium between 
ammonia, hydrocyanic acid, and hydrogen , 
the equilibrium, however, cannot be realised, 
because both ammonia and hydrocyanic acid 
are unstable at the * temperatures required 
The final result depends, therefore, on the rates 
of decomposition of ammonia and hydrocyanic 
acid and on the rate of reaction between 
ammonia and charcoal Even at 1000°, the 
rate of decomposition of hydrocyanic acid in 
presence of charcoal is small, but in presence 
of other substances it may be large Voerkelius, 
for example, passed a mixture of hydrocyanic 
acid and hydiogcui through an iinglazed porcelain 
tube at 1000°, auvl found that over 70 p.c of 
it was decomposed, but after a layc^r of carbon 
had boon deposited on the tube the decomposi- 
tion fell to 19 p c The rate of decomposition 
of the ammonia is even more variable ; for 
example, at 720°, 28 p c of the ammonia 
survived 0 minutes’ contact with fresh finely 
ground wood charcoal, whilst 82 p c were 
unchanged when the charcoal was m the form 
of lumps which had been already used The 
rate of decomposition of the ammonia is dimi- 
nished by diluting it with an indifferent gas 
In the 00 experiments recorded by Voeckc- 
lius, the ammonia (diluted with hydrogen) was 
in contact with the charcoal for from 10 to 300 
seconds , within the.se limits, the ratio between 
the numbers of molecules of ammonia and of 
hydrocyanic acid in the product is roughly 
independent of the time of reaction, but the 
quantity of ammonia decomposed into its 
elements increases with the time of contact 
The following table is calculated from the figures 
given by Voerkelius The figures show the 
influence of the quality of the charcoal on the 
result : — 

Mills NHs 

Tempera- Pc NHg Mors"liCN 

ture in gas used in product 

720° charcoal A 50 6 7-13 4 mean 9 80 



„ B 

50 

29-45 

„ 37 7 


sugar charcoal 

50 

71 

„ 71 

1020° 

charcoal C 

13-15 

0 64-0 02 

„ 0 76 


„ D 

13-15 

0 90-1 80 

„ 1 40 


„ c 

43-47 

0 50-0 90 

„ 0 61 

1120° 

.. D 

134 

0 44-0 48 

„ 0 46 


Nernst’s thermodynamic theorem (Applica- 
tions of Thermodynamics to Chemistry, London) 
1 907, and Theoretische Chemie, 5th and 6th ed - 
has been applied to this reaction by v. Warten- 
berg (Zeitsch anorg. Chem 1907, 62, 299). 
Since the reaction NH 3 -|-C==HCN- 1 -H 2 absorbs 
39,500 cals per molecule, the equilibrium must 


lead to the formation of more hydrocyanic aci 
at higher temperatures, the calculation mdicati 
that the ratio of the partial pressures (in atm< 
spheres) of the gases in equilibrium should ha\ 
the following values — 

Temperature Phon Vn. 

500° 632 

800° 0 27 

1100° 0 003 

1400° 0 0002 

In the experiments tabulated above, the fini 

mixture of gases usually contained nearly 95 p 
of Jiydrogen, the partial pressure of which wf 
therefore almost 1 atmosphere The molecule 
ratio of ammoma to hydrocyanic acid is, theri 
fore, almost the same as the ratio of the partu 
pressures. A comparison of the cxpenmenti 
values with those calculated shows that equil 
briurn is never oven approximately attainec 
They agree in indicating 700° as the lowcf 
temperature at which appreciable quantities c 
hydrocyanic acid can be formed 

Carpenter and Linder’s independent invest 
gation yielded results in close agreement wit 
Uioso obtained by Voerkelius It seems fairl 
certain that the greater part of the Jiydrocyani 
acid found m the products of destructive dw 
tillation of coal is formed by the reaction whic 
has just been discussed The presence of sma 
quantities of HCN m the products formed a 
temperatures below 600° indicates, howeve] 
that it may be, in part, a primary product ( 
the decomposition 

Spent oxide. The hydrated oxide of iro 
first used in gas purification was made by mixin 
ferrous sulphate and slaked lime, sawdust bein 
added to increase the porosity (Laming, En^ 
Pat 11944, of 1847), natural iron ores were intn 
cluced by Howitz in 1870 Sulphuretted hydro 
gen Ls absorbed, yielding a mixture of ferroc 
and ferric sulphides which is regenerated b 
exposure to air and moisture, free sulphur an 
ferrous and feme hydroxide being producce 
Ferrocyamde is formed from the ferrou 
hydroxide and ammonium cyanide, and the 
converted into Prussian blue by interaction wit 
the ferric iron Sulphocyanides are also forme 
in very variable amount, doubtless by the intei 
action of hydrocyanic acid and ammoniui 
polysulphide. Since ammonia, sulphurette 
hydrogen, and free sulphur are always preser 
m the purifiers, it is obvious that polysulphidi 
of ammonium can always be formed ; it appeal 
to bo generally allowed, however, that sulphc 
eyamde is only produced in large amount whe 
the mixture becomes warm, as, for examph 
when the regeneration proceeds rapidly in 
large mass of material The spent oxide finall 
contains 30 to 40 p c of sulphur (or more 
soluble ammonium salts and Prussian blue, i 
addition to tar and iron oxides Good mateni 
contains 11 to 12 p c of Prussian blue, calculate 
on the air- dried substance, whilst ammoniui 
sulphocyanido vanes from traces to 10 p c. 

As already mentioned, prussiates were fin 
produced from spen^ oxide by Gautier-Bouchar 
about 1860 Ammonium salts were first re 
moved by washing with water ; the residue wa 
then mixed intimately with sufficient lime t 
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convert the Prussian blue into calcium ferro- 
oyanide and the mixture submitted to systematic 
lixiviation with cold water. This operation 
must be done in the cold, because otherwise 
calcium polysulphide is produced from the lime 
and free sulphur, and this converts the ferro- 
cyanide into sulphooyamde 'I’lie calcium ferro- 
cyanido was converted into the potassium 
salt by means of potassium carbonate, and 
the sulphur m the extracted residue burned 
to sulphur dioxide and converted into sulphuric 
acid (A. W. Hofmann, Reports by the Junes, 
Inter Exhib. of 1802, 59-0,3). This process 
contains the essential features of all those which 
have since been worked successfully 

T. L G. Bell (Eng. Pat 257, of 1808) pro- 
posed to extract the sulphur with carbon 
disulphide, and, after removing soluble am- 
monium salts with water, to boil the residue 
with lime In order to obtain a pure product, 
the solution was then acidified and precipitated 
by the addition of ferric chloride, the Prussian 
blue being then converted into potassium ferro- 
cyanido The preliminary extraction of the 
sulphur has occasionally been cairied out, but 
it 18 difficult to separate the sulphur fiom the 
tar which is extrac ted along with it. In spite of 
the great difficulty of filtering and washing 
Prussian blue, this method of purification 
appears to have b(‘en fairly generally used up 
to the year 1883, when Kunheim and Zimmer- 
mann (Eng Pat. 3342, of 1883) desciibed two 
now methods. 

In the first, the ammonia is only partially 
removed fiom the spent oxide by the pre- 
liminary Wivslung, enough being left behind to 
produce the double salt Ca(NH 4 ) 2 Ee(^N)« 
The extraction with lime then yields an am- 
moniacal solution of calcium ferrocyanide, 
which, when neutralised with hydrochloric acid 
and heat<*d to 80'’, deposits the very sparingly 
soluble calcium ammonium ferrocyanide, which 
IS comparatively e<isily filtered and washed 

By the second method, the solution of 
calcium ferrocyanide, obtained by following 
Gautier- Bouchard’s original procedure, is treated 
with a solution of potassium chloride winch 
lirecipitates the double salt (JaK,Fe(CN)<, m 
minute crystals, which are very leadily washed 
and are then converted into potassium ferro- 
cyanide by boiling with potassium carbonate 
By this means one- half of the potassium car- 
bonate IS replaced by the cheaper chloride, and 
a very pure product is obtained (Franz Bossner, 
Hie Verwerthung der Ausgebrauchton Gasreim- 
gungsmassen, 1902) From the calcium am- 
monium salt, sodium ferrocyanide is readily 
obtained. 

During the decade 1885 to 1895, the spent 
oxide of the gas works was the principal source 
of prussiates ; its importance, however, has 
been diminished by the introduction of the more 
efficient wet methods of recovering the hydro- 
cyanic acid. 

Ci/ani'1e Washer,'^ — The first practicable pro- 
posal of this kind was made by O Knublauch 
(Eng Pat. 15104, of 1887). Coal gas was to be 
scrubbed with a solution of the oxide, hydroxide, 
carbonate, or sulphide of aiMnonium, or of an 
alkali or alkaline-earth metal containing the 
hydroxide or carbonate of iron, zinc, or manga- 
nese in suspension. The process did not succeed 


at the time, probably for commercial reasons. 
The very similar process of Foulis (Eng Pat. 
9474, of 1892 ; Foulis and Holmes, Eng Pat. 
15168, of 1895) has since been introduced at 
several gas woiks with satisfactory results. 
In this process, the reagent required is prepared 
by precipitating a ferrous salt with sodium 
carbonate The washed precipitate (a partially 
oxidised mixture of ferrous carbonate and 
hydroxide) is suspended in a solution of sodium 
carbonate and the gas passed through it in a 
rotary scrubber Foulis wLshed to obtain tho 
whole of the ferrocyanide m the form of a 
solution of the sodium salt, and therefore placed 
the cyanogen washer after tho ammonia scrub- 
bers because, m presence of ammonia, an insol- 
uble ammonium feirous ferrocyanide is formed 
which IS only decomposed by sodium hydroxide, 
but not by the carbonaU' At tho Hague gas 
works, however, this oidei was reversed m 
order to catch the hydiocyaiuc acid which is 
otherwise condensed along with tho ammonia 
(Rutten, Joum of Gas Lighting, 1902, 80, 
879, Joiiisen and Rutten, Journ fur Gasbe- 
leuclitung, 1903, 71()) 3’he saturated liquor from 
the cyanide washer contains Ifiussian blue and 
potassium and ammonium ferrous ferrocyamdes 
in suspension and potassium feiTocyanido and 
ammonia in solution (potassium carbonate is 
used instead of the sodium salt) This mixture 
18 filter-pressed and the solution distilled to 
separate the ammonia and then evaporated 
in vacuo and crystallised 3’he press cake is 
boiled with caustic potash and the ammonia 
collected, the lesidual iron ovide returning to 
the cyanide washer, and the solution of ferro- 
cyanide going to the evaporating plant 

In anotlu'r set of proposals, the use of an 
alkali other than the ammonia of the gas is 
dispensed with, the crude coal gas being simply 
washed with a solution of ferrous sulphate 
Since ammonia and sulphuiettcd hydrogen are 
present m much larger quantities than hydro- 
cyanic acid, the ferious sulphate is soon con- 
verted into a suspension of ferrous sulphide in a 
solution of ammonium sulphate, and the subse- 
quent changes may be regarded as due to the 
action of a solution of ammomum cyanide on 
ferrous sulphide If a largo excess of the latter 
IS present, the mam product is ferrous ferro- 
cyanide Fe 2 [Fe(FN) 6 ] ; as the ferroas sulphide 
IS used up, ammonium ferious ferrocyanide 
(NH 4 ) 2 Fe[Fe(CN)e] is foimed m increasing 
quantities, and finally, when but little Fofc) 
remains, ammomum ferrocyanide is found m 
solution (Feld, Journ. fur Gasbelcuchtung, 1904, 
132) 

The earlier patentees of processes based on 
these reactions attempted to obtain the ferro- 
cyanide m a soluble form by using a dilute 
solution of a ferrous salt, and so having a large 
excess of ammonia present (Rowland, Eng. Pat. 
22347, of 1891 ; Lewis and Cripfis, Eng Pat. 
20883, of 1896; Schroder, Eng. J’at 19^9, of 
1898 , Teichmann, Eng Pat 12485, of 1899), 
but since insoluble compounds are always formed 
to some extent, it appears to be easier to obtain 
all the fefrocyamde (or the greater part of it) 
in the insoluble form by usinc a saturated 
solution of ferrous sulphate, ana so havmg a 
large excess of iron present as first proposed by 
Bueb (Eng Pat. 9075, of 1898). Bueb’s process 
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has been adopted by a considerable number of 
gas works It is said to absorb 98 p c. of the 
hydrocyanic acid m the gas, yielding a mud 
containing 6-7 p c of ammonia and cyanogen 
compounds, equivalent to 1 8-20 pc of yellow 
irussiate of potash. A small part of the ^ 
errocyamde is in solution This is precipitated ; 
by boiling the mixture with ferrous sulphate . | 
the precipitate is then filtered off and treated 
with lime, the calcium ferrocyanide solution | 
obtained being worked up m the way already 
described when dealing with spent oxide , 

As already mentioned, part of the hydro- | 
cyanic acid in coal gas is always converted mto i 
sulphocyanide owing to liberation of free sulphur . 
by the action of atmospheric oxygen on sul- | 
phuietted hydrogen By suitable means the ' 
whole of the hydrocyanic acid may be fixed in : 
the form of sulphocyanide, which is then con- j 
verted into ferrocyanide by one of the processes 
described m the next section I 

In 1877 W Marriott (Eng Pat 3811, of 
1877) proposed to sciiib gas with a solution of 
sodium polysulphides, and in 1888 Pampbell 
and Boyd (Eng Pat 101 86, of 1888) pioposed the 
use of manganese dioxide suspended m water 
This libeiateii sulphur from a part of the sul- 
phuretted h^drogen in the gas, and this free 
sulphur combines with ammonium sulphide to 
form polysulphid which converts the cyanide 
mto sulphoc > aiiide The final step, which 
led to a successful and economical process, 
was made by H Wood Smith (II. Wood Smith, 
(lulden, Salamon, and Albright, Eng Pat 
13658, of 1901) by simply scrubbing the gas 
through a suspension of sulphur, wheieby the 
hydrocyanic acid is removed quantitatively, 
and a solution containing as much as 200 grams 
of ammomum sul])hocyanide per litre may be 
obtained. This process is m use at several gas 
works, and yields practically the whole of the 
sulphocyanides made at present 

Mamifaclnre of Sodium and Poias,sinni 
Ftrrocyanidos — (3) From Snlphocyanidoo A 
Gelis (Eng Pat 1816, of 1860) was the first 
to manufacture potassium ferrocyanide by 
heating dry potassium sulpliocyanide with 
iron, made by reducing the oxide, at a diill-ied 
heat, m a closed vessel He states tliat too high 
a temperature leads to considerable loss 3’he 
fusion process yields a mixture of potassium 
cyanide and ferrous 8ul])hide which gives 
potassium ferrocyanide, when treated with 
water in the same way as the ‘ metal ’ of the old 
process (A W Hofmann, Pvcports by the Jurios, 
Inter Exhib of 1862, 59-63) Sir G Beilby 
has informed the writer that he made consider- 
able quantities of potassium ferrocyanide by 
this process in the years 1873-1876 Potassium 
sulphocyanide was heated with iron turnings m 
air-tight iron retorts and, after cooling suffici- 
ently, the product was extracted with water in 
the retort itself, without coming in contact with 
air In this way the only serious difficulty of 
the process, which is due to the extreme prone- 
ness to oxidation of the fusion product, is avoided 
and satisfactory yields obtained. 

The process was taken up again fh 1878 by 
Gunzburg and Tchemiac (Eng. Pat 1148, of 
1878, 1359, of 1879, 1261, of 1881) They 
dried the sulphocyanide by fusmg it at 300 , 
and then mixed it intimately with the oxide-freo 


iron by grinding them together. The mixture 
was heated in iron boxes with closely fitting 
covers at 445°, the vapour of boilmg sulphur 
being used to obtain a constant temperature. 
After working for two or three years, the process 
was given up, but it was revived for the third 
time m 1894 by the United Alkali Co , Ltd. 
(Hetherington and Muspratt, Eng Pat. 5830, 
of 1894), and by the British Cyanides Co , Ltd. 
(Crowther, Bossiter, Hood and Albright, Eng. 
Pat 8305, of 1894) The patent specifications 
of Hetherington and of Crowther add but little 
to the information given above In both cases, 
some 20 to 30 p c excess of iron is used, and the 
temperature is almost the same as that recom- 
mended by Gunzburg and Tchemiac Crowther 
says that mere fusion is insufficient to dry the 
sulphocyanide ; a current of an indifferent gas 
must he passed through it for some time 
(Jonroy (J Soc Chcra. Ind 1896, 15, 12) was 
able, in a small scale experiment, to convert 
76 8 pc of the sulphocyamde used mto ferro- 
eyanidc (leaving 18 2 p c unchanged) by means 
of Hetherington’s method The process has 
been worked by the British Cyanides Co at 
Oldbury sinee 1894 (Brussels Exbib 1910, 
Catalogue of British Chem Section, 155) 

I The conversion of sulphocyanides into ferro- 
' cyanides is also possible m aqueous solution 
I Sternberg (D B P 32892, of 1882), found that 
' by heating a solution of potassium sulpho- 
eyanide with double the theoretical quantities 
, of iron filings and ferrous hydroxide under 
pressure at 110°-120°, about 80 pc of the 
material could be converted into ferrocyanide 
in accordance with the equation 
6KCN 8 -f CFe -f Fe(OH)^ - 6FcS + K 4 Fe(CN)e ^ 2KOI[ 
G R Bower (Eng Pat 361, of 1896) suc- 
ceeded in removing the sulphur from ferrous 
sulphocyanide by means of copper in a similar 
way rc(CNS )2 + 2Cu— 2CuS l-Ec(CN )2 (-onroy 
(Conioy, Hurter, and Brock, Eng Pat 3867, of 
189b , d T Conroy, J. Soc Chem Ind 1898, 
17, 98) then found that a mixture of a soluble 
sulphocyanide and a feme or ferrous salt would 
do as well as pure feirous sulphocyanide, and also 
that the sulphur is more rapidly lernovcd by 
finely divided iron than it is by copper Using 
very finely divided iron, the reaction takes place 
quantitatively in 5 to 6 hours at a temperature 
of 135°-140° and a pressure of 50 to 60 lbs per 
square inch, m accordance with the empiiical 
equation Ee((JNS) 2 -f 2Fe---Ee(EN),H-2FeS (So- 
chum or potassium sulphocyanide is acted on 
by iron under similar conditions very slowly 
and incompletely ) The black mud produced is 
either boiled with caustic alkali to decompose 
the ferrous ferrocyanide, or the feirous sulphide 
IS first dissolved in hydrochloric acid. The 
latter course is to be preferred, owing to the fact 
that ferrous sulphide combines with the alkalis, 
each 3 or 4 equivalents of it rendering 1 equiva- 
lent of either caustic soda or jiotash insoluble, 
a difficulty with which the manufacturers of 
ferrocyanide from nitrogenous organic matter 
had long been familiar 

Properties gE the Ferrocyanides. 

The principal characteristics of those salts 
which possess some technical interest are 
described here ; further information is to be 
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found in Cyanogen Compounds, by H E , 
Williams, 1916, or m the text-books of inorganic I 
chemistry. ! 

Ammonium ferrocyanide is readily prepared | 
in aqueous solution from the free acid and | 
ammoma, or from barium ferrocyanide and ' 
ammonium sulphate The solid salt i 

(NIl4)4Ee(CN)e,3H20 

IS obtained by evaporating the solution i7i vacud, 
or by precipitation with alcohol The salt 
crystallises with dilheulty in veiy pale yellow | 
jilates, which are isomorphous with potassium 
ferrocyanide (Bunsen, Pugg Ann. 1835, 30, 404) 
The aqueous solution decomposes when boiled, 
yielding ammonium cyamde and an insoluble 
residue, which possibly consists of nioie or less 
oxidised ammonium feiious feiiocyamde 
2(NH4)4lMCN)e--(NH4),FeLFe(CN)«J+6NH4(’N 
Eroiu solutions containing much ammonium 
chloride a double salt of the formula 

(Nll4)4Fc((^.N)c2NH4CH 311,0 
crystallises veiy readily m well-formed orange- 
yellow rhombohcdia, which weie at one time 
mistaken foi the ammonium salt (Bunsen, I c) ! 

Barium ferrocyanide Ba,Fe(CN) 6 , 0 H 2 O is I 
precipitated when strong solutioiLS of baiium 
chloride and sodium feiiocyamde aie mixed , 
it separates m the form of a light yellow, crys- 
talline powder Its solubility (giams of anhy- 
drous salt per 100 grams watei) is 0 34 at 16 6®, ! 
and 1 01 at 100® (Williams) The water of 
crystallisation is not quite completely driven 
oti even at 100° (J)rcchsel, J pr Cliem 1880, 
[2] 21, 77) 'riie dried sail, when heated in 
vauid, or in an atmosfilieie of nitrogen, begins 
to decoiiqiose at about 600°, nitrogen, caibon, 
iron, and barium cyanide and cyanamidc being 
toimed When oxygen is completely excluded 
the piocluct contains about 2 molecules of 
cyanamidc to 1 of cyamde (Kwan and Napiei, 
J 8oc Chem Ind. 1913, 32, 407) 

Barium potassium ferrocyanide 
BaK2fFe(0N)6l,3H20 

IS precipitated as a pale yellow, crystalline 
powdei when solutions of barium chloiido and 
potassium ferrocyanide aie mixt d in equivalent 
quantities Its solubility m water (giams 
anhydrous salt per 100 grams water) is 2 1 at 
15 5° , () 08 at 100°. 

Calcium ferrocyanide Fa, Fe(CN) 0,1211^0 is 
oxtiemely soluble in water , highly concentiatcd 
solutions are very viscous and ci 3 ,&tallise with 
dilheulty, yielding small yellow triclimc crystals 
of sp gr 1 08, whiclr efiloresce when exposed to 
the air and lose llj molecules ot water at 40° 
H G Colman (Journ of Gas Lighting, 1910, 
583) finds that the whole of the water is removed 
by heating the salt in a cuiicnt of air. The dry 
salt begins to decompose (in absence of oxygen) 
at 600° yielding calcium cyanamide thus 
Ca,Fe(GN)6=20aCN,+Fc+N,+4C 
(unpublished experiments made by the wiiter). 
Calcium ammonium ferrocyanide 
Ca(NH4)2Fe(CN)e 

IS a white, minutely crystalline powder, which 
becomes coloured on exposure to hglit; it is 
anhydrous ; 100 grams of water, at 15°-17°, 
dissolve 0*258 gram of the salt (J. Campbell 
Brown, Chem. Soc. Trans. 1907, 91, 182G) 


Calcium potassium ferrocyanide K2CaFc(CN)6 
is a white powder consisting of small quadiatic 
piisms which becomes slightly cieam-tolouied 
on exposure to light. It contains no water of 
crystallisation and, at 16°-17°, 100 grams of 
water dissolve 0 41 gram of it (J. Campbell 
Brown, ihid 1907, 91, 1826). 

According to WiUiams (I c ), the solubilities 
of these salts are rather larger, viz 0 36 at 
15°, and 0 39 at 100° for the ammonium salt , 
and 0 72 at 15°, and 0 80 at 100°, for the potas- 
sium salt 

Cupric ferrocyanide (’u2Fe(C5N)« llHgO is a 

red- blown, amorphous substance, obtained by 
adding a solution of calcium feiiocyamde oi 
liydioferiocyamc ai id to excess of cupric chloride 
solution In general, when solutions of a 
cupric salt and of a soluble feiiocyamde are 
mixed, an insoluble substance is produced, in 
which only a part of the four valencies of the 
feiiocyaiiogon ion is saturated by copper, the 
remaindoi being occupied by the metal of the 
feirocyamde employed A very laigc number 
of these substance^} have been described 
Colloidal membranes foimcd of one oi othei of 
these copper ferret yanidcs have been much 
used in the study or osmosis 9’he piecipitate 
foimcd from potassium fciroeyamdo and a 
cupiic salt K 4 (^.U 4 [Fe(CN )(,]3 wavS used as a pig- 
ment undei the name Hatchett’s brown. 
The black, silver deposit in an oidinary photo- 
graphic ‘ bromide ’ print may be converted into 
a led one, ( on SIS ting of a cojipei feiiocyamde, 
by immci’SiJig the punt m a solution coiitaimng 
() (} giams of copper sulphate crystals, 88 giams 
of potassium citiate, and 5 8 giams of jiotassium 
feiiievanide iier litie (Ferguson, Photographic 
Jouiu 1000, 133) 

Cuprous ferrocyanide Cu 4 Fe(CN )6 arllaO is a 
white pietipiiate, wliicli dilTem from most of 
the feiiocyanid<‘s m evolving the whole of its 
cyanogen <xs hydiocyariK' aeid wlien boiled with 
dilute hul])huiic acid J Dewranco and H E 
Williams (Eng Pat 2S074, 1908) utilise this 
])iopcity m order to obtain complete deeomposi- 
I tion of alkali Iciiocyamdci^ by distilling them 
I with acid in piesence of a small amount of 
I cupious tlilonclc 

Hydroferrocyanic acid H 4 Fe(('N)(, is jnopaied 
by adding concentiated hydrochloric acid to a 
saturated solution of potassium feriocjamde 
(both should bo fiee from dissolved oxygen) and 
' then enough etliei to satuiate tlie solution The 
aud eiystallises out in colourless scales which 
are waslied with w.iter saturated with other 
(A W Williamson, Annaleii, 184G, 67, 226 ; 
A Joannis, Ann Chim Phys. 1882, [6) 2G, 484), 
and dried over sulphuric acid It may be puii- 
hed by dissolving in alcohol and piecipitatmg 
with ethei , it obstmatel}^ retains ether, which 
IS removed by heating at 100° m a current of 
dry hydrogen (Browmng, Chem Soc Tians 
1900, 1234) A solution of the acid, saturated 
at 14°, contains 150 grams per litie The 
solution is readily oxidised by atmospbeiic 
oxygen, especially at higher temperatuies, 
forming a blue substance which is usually 
assumed U> Prussian blue. This reaction is 
utilised 111 calico printing for the production of 
blue patterns 

Ferrous ammonium ferrocyanide 

Fe(NH4)JFe(CN)e] 
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is formed when a solution containing ammomum 
ferrocyamdo and excess of an ammonium salt 
IS exactly precipitated by a ferrous salt, oxygen 
being excluded It is also formed when ammo- 
nium ferrocyamde is distilled with an acid m 
absence of air. 

Ferrous cyanide Fo(CN)2 is formed when a 
solution of hydroferrocyamc acid is boiled, 
H4Fe((JN)6— 4HCN-f Fe(CN)2, or when the dry 
acid IS heated at 300° in an atmosphere of 
hydrogen (Addic and Browmng, Chem Soc 
Trans 1900, 15S ; Browning, ihid 1900, 1234) 
Ferrous potassium ferrocyanide (Evcntt’s 
salt) K2FcfFe(CN)6] is formed in a similar way 
if potassium salts aie present, as, for example, i 
m the preparation of hydrocyanic ac‘id by dis- 
tilling a mixture of potassium feirocyanide and 
dilute sulphuric acid Everitt’s salt is a pale- 
yellow crystalline powder which is not identical 
with the white precipitate obtained by mixing 
solutions of potassium ferrocyamdo and ferrous 
chloride, although this precipitate has the same 
composition. 

The iron in these ferious salts is displaced 
by treatment with caustic alkalis, but not by 
alkali carbonates. 

Ferric ferrocyanide**. The blue compounds 
of iron and cyanogen are all amorphous sub- 
stances, which yield colloidal solutions in pure 
water It is therefore (‘xtremcly difhcult to 
prepare them in a pure condition Owing to 
the well-known tendency of colloids to adsorb 
other substances from solutions, the precipitates 
require very prolonged washing to free them from 
adhering salts, and during this process their 
composition may, and veiy often does, change, 
owing to atmosphenc oxidation or to hydrolysis 
On the other hand, the method of determining 
the composition of a jirecipitate by mixing 
known quantities of the reagents and estimating 
the excess left in the supernatant lic[uid, is open, 
m this case, to the objection that the jirecipitate 
IS not a pure substance because it has adsorbed 
some of the salts in the solution in contact with 
it This method has been used by E Muller 
and by P Wormger (E MullciandT Stamsch, 

J pT Chem. 1909, \u] 79, 81; tbu! 1909, [ii| 
80, 153, E Muller, G Wegclin, F B Treadwell, 
and 0 Diefenthaler, ibid 1911, [ii] 84, 353; 

E, Muller, ibid 1914, [iij 90, 119, P Wormger, 
ibid 1914, [ii] 87, 51 ) K A Hofmann and his , 
collaborators (K A Hofmami, O Heme, and F 
Hochtlen, Annalen, 1904, 337, 1 , K A Hof- 
mann and F. Resensheck, ibid 1905, 340, 267 , 
1905, 342, 364 ; Hofmann, Amoldi, and Hicndl- 
maicr, ibid 1907, 352, 54), have investigated 
more especially the composition and properties 
of the substances which remain after exhaustive 
purification 

The freshly prepared blue piecipitates con- 
tain indefinite quantities of water, but the whole 
of it cannot be removed by drying in lacud over 
phosphorus pentoxide until a constant weight is 
attained (which usually requires from 2 to 5 
months) This residual water must be regarded 
as constitutional, because when the substances 
are heated to temperatures a little above 100°, 
they lose hydrocyamc acid, but not miter The 
formulas oi the dry substances given in what i 
follows refer to the very thoroughly washed 
substances after complete drying over P2O5 in 1 
the way mentioned anove 


When cold neutral solutions of one molecule 
of a feme salt and one molecule of potassium 
ferrocyamdo are mixed together, a precipitate of 
ordinary soluble Prussian' blue ls formed. The 
dry substance has the composition 

2[KFe^“(Fe'iCy6)]-f3iH20 
The same compound is obtained by mixing equal 
molecular quantities of a ferrous salt and potas- 
sium ferncyamde This was first proved by 
Skraup (Annalen, 186, 371, 1877). 

When a cold solution of potassium ferro- 
cyanide IS added gradually to a cold neutral (or 
i p c. hydrochloric acid) solution contaimng an 
excess of a ferric or of a ferrous salt, or when 
I soluble Piussian blue is digested with a solution 
' of ferric chloride, precipitates are formed which, 
after the prolonged exposure to air mvolvcd in 
washing them completely, are identical in com- 
position and properties The dry substance is 
normal ferric ferrocyamde 

Fe,in(]<’e«Cy,)3-t-10H,O 
usually referred to as Prussian blue. Turnbull’s 
blue, obtained by precipitating a solution of 
potassium fcnicyamde with an excess of a 
ferrous salt, is, after exhaustive washing with 
exposure to air, identical with ordmary Prussian 
blue 

The composition of the unwashed precipi- 
tates initially formed depends, as Muller has 
shown, on the relative quantities of reagents 
employed. Setting out from potassium ferro- 
cyanide and ferric chloride, Prussian blue is 
piccipitatcdwhen the ratio mols K4Fc(Cv6)/mols. 
FcGlj IS less than 0 75 , for values between 
0 75 and 0 92 the jirccipitate contains increasing 
quantities of KFeiiJ[FenCyg], and when the 
latio exceeds 0 92 the substance 
K2Fe»[Fe«Gyfl) 

IS also prcAsent Setting out from potassium 
feiii(‘yanide and ferrous chloiide a precipitate 
of the composition KFci^Fcg^^if Fe^iOyg I5 is 
obtained when the ratio, mols KgFeCyg/mols 
Fct^^ IS less than 0 714 Between 0 714 and 
0 75 a substance KFc’HVg^i^LFc^^Cyglj is formed, 
which Muller regards as oidinaiy Tiirnbull’s 
blue ; from 0 75 to 0 9 incieasmg quantities of 
KFe^i^fl’c^iCyg] aie present, and finally, when 
the latio exceeds 0 9 ordinary Prussian blue 
aiipeai-s According to Muller, Turnbull’s blue 
and Prussian blue are mtcrconveitible 
lVH[FeJiCye]3 + K--fFe** 

^ KFeUFe niLFenCyelg+Fe-, 
although a very large excess of ferrous salt is 
lequiied to conveit an appreciable amount of 
Piussian blue. 

It IS obvious that the reactions involved in 
the formation of the blues are not simple double 
decompositions , mutual oxidations and reduc- 
tions take place, and adsorption phenomena 
are superadded, so that, m general, the precipi- 
tates first produced are mixtures either of 
definite insoluble compounds, as Muller supposes, 
or if insoluble substances with soluble consti- 
tuents adsorbed from the solutions. 

The precipitates obtained from hot acid 
solutions differ more or less from those formed 
at ordinary temperatures in their properties, 
and appear even when washed to be mixtures of 
different substances. 
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Both the soluble and insoluble Prussian blue, 
above descnbcd, are ferric ferrocyanides, and 
not ferrous forncyanides. This is proved by the 
fact that they can be made by the action of 
hydrogen peroxide on a solution containing a 
ferric salt and potassium ferncyamdc in suitable 
quantities. As Schonbein (J pr. C'hem 18()(), 
98, 66) showed, hydrogen pei oxide reduces fern- 
cyanide to ferrocyanide, but has no action on a 
feme salt, so that ferrous ferricyamde could not 
be produced by this reaction 

Blue compounds, which are not identical 
with those described above, are also obtained 
by the oxidation of ferrous ferrocyanides 

(a) By adding a cold neutral solution of 1 
molecule of a ferrous salt to a solution of 1 mole- 
cule of potassium ferrocyanide, and then oxi- 
dising the white precipitate by means of atmo- 
spheric oxygen, which is greedily absoibed (or 
better by hydrogen peroxide), a blue compound 
of the composition KFe“^(bVH'yg)-fH20 is ob- 
tained This differs fiom ordinary soluble blue 
in being insoluble in oxalic acid solution It is 
referred to m the table of pioperties of the 
blues as K A Ilofmami’s blue 

{b) By proceeding exactly as in (a), except 
that the solutions contain 1 p c of sulphuric acid, 
a white precipitate IS obtained, re^^K2(Fe^*Cy «), 
which IS rather less leadily oxidised to a blue of 
the same composition as before : 


Fei«K(FeiiCye)d-H,0 

but possessing rather different pioperties Like 
ordinary soluble Prussian blue, it is soluble in 
watei and oxalic acid, but differs from it in being 
much moie stable to ammonia solution This 
comjiound is referred to as ‘ stable soluble blue ’ 
(r) When a solution of potassium feiro- 
cyanide, containing about 10 p c of sulphuric 
acid, IS heated in an atmospheie devoid of 
oxygen, one half of the hydrocyanic acid is 
evolved and a pale-yellow crystalline powder of 
Eveiitt’s salt K2Fe^^(Fe^^Cye) remains behind. 
Tins salt is very much less readily oxidised than 
the precipitate obtained by mixing solutions of 
potassium ferrocyamde and a feiious salt , it is 
not completely oxidised by several weeks’ 
exposure to the air. It is readily oxidised by 
warm dilute mtric acid (A W Williamson, 
Ann Chem Pharm. 1846, 57, 226), but a homo- 
geneous pioduct IS prepared most ceitainly by 
suspending it in 1 j) c sulphuric acid and adding 
about 10 times the theoietical quantity of 
hydrogen peroxide ’J’he substance thus ob- 
tained IS Williamson’s blue (sometimes called 
violet), and it also has the composition 
KFc'«(Fc (:ye)+H,0 

Its properties are, however, totally different 
from those of the isomeiic substances already 
described 


Properties of the Blue Iron-Cyanogen Compounds. 


Reagent 

Ordinal y soluble 
PiusMian blue 
(Tunibuirssoluble 
blue) 

Iiiboluble Prus- 
sian blue 

K A Hof- 
mann’s blue 

Stable soluble 
blue 

Willi.imson’s 
blue or violet 

Pure water . 

Soluble, 
reddish -blue 
solution 

Insoluble 

Soluble, 

giccmsh-bluc 

solution 

Soluble 

Insoluble, 
till bid green- 
ish-blue sus- 

10 p c oxalic 
acid 

Soluble, 
blue solution 

Soluble, 
blue solution 

Insoluble 

Soluble 

pension 

Insoluble 

4 p c ammonia 
yields red- 
brown feme 
hydroxide 

In a few se- 
conds 

In 10 seconds 

In a lew se- 
conds 

In 6 to 7 min- 
utes 

After some 
hours 

Ferric chloride 

Pi ccipitates 
insoluble 
Piussian blue. 

No change 

(’) 

Ciaducilly co- 
agulated in 
iiiiohanged 
condition 

No change 

1 to 14 p c. 

H2SO4 

Slowly precipi- 
tated, moist 
piecipitate 
soluble in 
water 

No action 

Quickly pre- 
cipitated , 
insoluble in 
water 

Precipitated, 
insoluble in 
water 

No action 

Appearance of 
' dry solids 

Deep -blue with 
coppery lustre 

Deep-blue pur- 
ple lustre 



Purple-red 


For comparison, the distinguishing properties 
of the different blues are tabulated above. The 
isomerism of these substances may be due to 
differences in the linking of the atoms — of the 
kind familiar in organic chemistry — or it may 
be due to differences m the size of the molecules , 
the data available do not appear to be sufficient 
to decide these questions with any degree of 
certainty. 

In accordance with the commonly accepted 
view, the blues have been formulated as ferro- 


cyanides P Wonngcr, in 1914 (/ r ), however, 
advanced ceitain arguments in favour of the 
ferricyamde structure He confirmed an ob- 
servation, made by A W Williamson in 1846, 
that when ferric chloride acts on an excess of 
ferrocyanide the solution contains ferricyamde ; 
he also fjtates that Prussian blue, when decom- 
posed by ammonium carbonate, yields 90 p.c. 
of ferricyamde. As E. Muller pointed out in 
1909, it IS easy to show, from the well-known 
oxidation potentials of solutions of ferrous 
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and feme ions and of ferro- and fern-cyanogen 
ions that, if these four ions could coexist m 
solution the ratio of their concentrations 
[Fe] ‘[FeCy8"J'[Fo][Fe'*’Cy#'"] would be about 
10®, that is, ferrocyanido would be oxidised 
practically completely by feme salts 

Williamson, however, showed that the reverse 
reaction also takes place, ferricyamdo being 
partly reduced by ferrous salts It appears 
thus that feiri- and ferro-cyanogen ions can 
coexist in approximately equal concentration, 
so that, in oquilibnum, the concentration of 
feme ion must be very small compared with 
that of ferrous ion These concentrations are 
determined by the solubilities of the precipi- 
tates formed, about which very little appears 
to be known ; the mode of formation of a blue 
affords, thciefoie, no eeitain clue to its structure 
The same is true of its decomposition by strong 
alkalis, since alkaline feriicyanido solution 
oxidises feirous hydroxide very readily Hof- 
mann’s methods of piepaiation by means of 
hydrogen peroxide appeal at present to be the 
best evidence available in favour of the ferro - 
oyamde structure 

It IS of interest that precipitation from hot 
acid solutions always tends to produce sub- 
stances (or mixtures) of a more stable type, 
approachmg Williamson’s blue more or less 
closely m properties, and also that all the blue 
iron cyanogen compounds contain both ferrous 
and feme non The compounds which contain 
only ferrous or only feiric iron aie colourless i 
or (compared with the blues) feebly coloured I 
Solid pieces of oidinary Prussian blue assume a ' 
coppery lustie when rubbed on a smooth, hard 
surface The blue solution m oxalic acid was 
formerly used as an ink Prussian blue is reduced 
by hydiosulphurous acid, H 2 S^, 04 , or its sodium 
salt to white ferrous ferrocyamcle (M, Rohn, 
Zeit Anorg (Jhem 1906, 49, 443) Chlorine 
turns a suspension of Prussian blue in water 
green ; the solution contains feme chloride • the 
Blue colour is restored by washing with water 
Concentrated sulphuric acid unites with Prussian 
blue to a white ptiste from winch the original blue 
IS obtamed by diluting with water It is slowly 
decomposed by concentrated aqueous hydio- 
chloric acid, but dissolves to a colouiless solution 
in aleohohc hydrochloric acid , the solubility 
increases with the molecular weight of the 
alcohol used Water precipitates unchanged 
Prussian blue from these solutions By dis- 
solving impure Prussian blue in a solution of 
hydrochloric acid in propyl alcohol, filtering, * 
and loprccipitatmg with water, it may be 
separated from all commonly occuirmg im- 
purities, such as barium sulphate, kaohn, 
alumina, and starch (C. Colligmer, Bull. Soc 
chim. 1904, 391) Potassium, sodium, and 
calcium hydroxides decompose Prussian blue 
into feme hydroxide and a ferrocyamde , 
alkali carbonates act more slowly Tissues 
dyed with Prussian blue gradually lose their 
coloui m sunlight, but regam it m the dark 
When heated to about 170® in the air, it bums 
like tinder leavmg a brown ash. 

Colloidal solutions of Prussian bli*e (0*2 to 
2 p.c ) may be prepared by dialysis of the oxahe 
acid solution The colloidal blue is negatively 
charged and is coagulated by cathions ; hydro- 
gen is especially active, otherwise the usual 


increase of activity with valency obtains (W. 
Pappada, Gazz. chim. ital. 1911, 41, ii. 454). 
K A. Hofmann (Annalen, 1905, 340, 267) also 
observed that his soluble blue carried a negative 
charge, and did not depress the freezing-point 
Commercial blues are usually mixtures of 
the compounds already described. J. G 
Gentele (Lehrbuch der Farbcnfabrikation, 2nd 
ed. 1880) says that the best blues are obtamed 
by precipitating a feirous salt with potassium 
ferrocyamde, and then oxidising the piecipitate 
Fans blue (the hnest quality of commercial 
I Prussian blue) is made as follows . 50 kilos of 
potassium ferrocyamde are dissolved in 250 kilos 
of boilmg water , 42 5 to 45 kilos of green vitriol 
are dissolved m about the same quantity of 
water, pioferably m the presence of scrap iron to 
prevent formation of leriic salt. The clear 
solutions are then run simultaneously into 
250 kilos, of water The almost white precipi- 
tate 18 allowed to settle and then diained on a 
cloth hlter. The oldest method of ‘ blueing ’ 
the paste was to heat it to boiling m a basm, 
transfer it to a wooden tub, and add 25 5 kilos, 
of mtric acid (sp gr 1*23) and 18 kilos, of sul- 
phuric acid ( 1 84 sp gr ). Sometimes, red fumes 
were evolved ordy after some hours, but m 
presence of excess of green vitriol, they were 
always evolved at once and this gave the best 
colour After standing for 24 hours, the mixture 
was suspended m a largo quantity of cold water 
and allowed to settle. The washing by de- 
cantation was continued until the blue was free 
from sulphuiic acid. It was then collected on 
linen hltei's, pressed into thin cakes, and cut up 
into cubes which weie dried m the an and 
finally at 30°-40®. The yield was 39 to 39 5 
kilos of fimshed blue. 

Another method was to treat the heated 
paste of ferrous ferrocyanidcs with feme 
chloride, mstead of with lutiic acid, until the 
solution contained feme m addition to feirous 
I salts, but according to Gentele, the cheapest and 
I best method is to acidify the paste slightly with 
! hydroclilonc acid and pass chlorine gas into it 
until the solution shows a distinct ‘ fen ic ’ re- 
action with ferroc^/ anide. 

From these descriptions it is eleai that 
j commercial Pans blue must contain, m addition 
to ordmary insoluble Prussian blue, one or more 
I of the potassium ferric feriot 3 /anides The 
presence of potassium appears to be of im 2 )Oit- 
ance, a loss satisfactory colour being produced 
when sodium ferrocyamde is used in its pre- 
paration H E Williams says that jiotas- 
sium may be replaced by amniomum with 
satisfactory results A EibnerandL Gerstacker 
(J Soc. Ohem Ind 1912, 31, 1041) state that 
the blues with a high potassium content jjossess 
the technically desirable greenish shade, those 
poor in potassium being dull with a violet tinge. 
They have tound 12 p c K and 5 5 p c. HjjO in 
‘ steel-blue ’ and ‘ bronze blue , ’ 9 p c K and 
10 5 p c HgO in ‘ Pans blue,’ the lowest value 
found in a commercial blue being 1 5 p c K and 
24 p c HgO. In the commercial pigments. 
Pans blue is diluted with starch, heavy spar, 
gypsum, zinc white, or burned and finely ground 
ka^ilm. The white admixture, after having 
been ground very finely by itself, is added to 
the Paris blue paste, and along with it passed 
through a colour mill. Very low qualities of 
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blue are faced by rotating the dry cubes in a 
C6usk with the fine dust of pure Pans blue. 

Potassium ferrocyanide (yellow prussiate of 
potash, BlullaiigensalZf Ger ) crystallises from 
aqueous solutions m large, well-formed, orange- 
yellow tetragonal pyramids of the composition 
K4Fe(CN)0,3H2O ; sp gr 1 86. The crystals 
do not change when exposed to the air at ordinary 
teraperaturas They begin to lose water at 60°, 
and the finely powdered salt may be completely 
dehydrated at 100°, forming a white powder 
which begins to decompose, in absence of oxygen, 
slightly below a red heat to a mixture of potas- 
sium cyanide, carbon and iron, nitrogen escaping. 
The 2 >owder takes fire at a considerably lower 
temperature when heated in contact with air 
ft IS insoluble in alcohol The soluble feiro- 
oyanidos are completely decomposed by boiling 
with mercuric oxide 


K4Fe(CN)«4-3Kg0-h2H20 

=3Ifg(ON), + FoOH 4KOI1 

They aie also decomposed by aurous cyanide, 
hydroxide, and even by finely-divided gold in 
the presence of oxygen 

3Au hK4Fe(ON)e+2HoO l-(^, 

• =3KAu(CN),+ Fe(On) 3 -f-KOH 

(E. Bcutel, Zoitsch anorg (Jhem 1912, 78, 141) 
Accordmg to Etard (Ann Chim Phys 1894, 
[7] 2, 546), the solubility, expressed in grams 
of anhydrous salt dissolved by 100 grams of 
water, is 14 5 at 0°, 24 5 at 20°, 30 at 40°, 49 5 
at 60°, 04 at 75°, 70 at 80°, 72 at 89°, 74 at 98°, 
and 88 at 157°. The salt is much less soluble 
in solutions of potassium salts The specific 
gravity of the aej^ueous solutions is given below 
(Schiff, Annalen, 1860, 113, 199) — 


Gis K4Fe(CN)e,3HaO ^ . 
pel 100 grs. of solution ( ^ 

Sp gf at 15® . .1 0068 1 0205 1 0605 1 0932 1 1275 


10 


16 


20 


Sodium ferrocyanide crystallises m large 
lemon - yellow rnonochmc prisms or rhombo- 
hedra of the composition Na 4 hV(( -N)fl, 10 H 2 O 
((kmroy, J Soc (fiiom Tnd 1898, 17, 103), 
which are permanent when exposed to the air 
at the ordinary temperature, but aio coin- 

E letely dehydrated at a little above 100° The 
ehaviour of the dry salt, when heated, re- 
sembles that of the potassium compound The 
solubility in water (Conroy, J Soc Cficm Ind 
1898, 17, 103) . giams anhydrous salt dissolved 
by 100 grams of water, is at 20°, 17 9 ; at 30°, 
23 5 , at 40°, 29 , at 50°, 35 5 , at 60°, 42 5 , 
at 70°, 51*5 ; at 80°, 59 2 ; at 90°, 61 , and at 
100°, 63 

Zinc ferrocyanide Zn,Fe(CN)g,6H20 is a 
white amorphous substance obtained by the 
action of calcium or hydrogen ferrocyanide on 
an excess of zinc chloride in aqueous solution 
With other soluble ferrocyamdes the precipitate 
contains more or less of the metal of the ferro- 
cyanide used, a fact roferredj^to in more detail 
in the analytical section of this article. It is 
insoluble in dilute acids, completely soluble in 
caustic alkalis to a mixture of ferrocyanide and 
zincate, and only partially decomposed by alkali 
carbonates. 

Potassium ferricyanide, red prussiate of 
potash, K 3 Fe(CNfl), was discovered by Leopold 
Gmelin m 1822, He prepared it by passing 
chlorine into a solution of potassium ferro- 
VoL. IJ.—T. 


cyanide until it no longer gave a blue colour 
with a ferric salt ; 

2K4Fo(CN)e+Cl2-=2K3Fe(CN)0-f 2KC1 

The salt is always manufactured by this 
reaction ; the ferrocyanide is sometimes used in 
the form of a dry powder, in which case a mixture 
containing potassium chloride is obtained 
Most commonly, a cold 10 pc. solution of 
pot.rssium ferrocyanide is treated with chlorine 
until conversion is just complete A little 
Prussian gieen is always foimed by the action of 
chlorine on the ferricyanide, and as this passes 
through any filter it spoils the appearance of 
the product. The difficulty may bo avoided by 
evaporating the solution to ci ystallisation and 
then adding a little caustic potash which de- 
composes the green into ferric hydroxide, which 
is easily removed by filtration, and potassium 
ferrocyanide, which is apt to crystallise out 
along with the ferricyanide The yield of ferri- 
cyanide, in this process, is 85 to 90 p c of the 
theoretical quantity 

A W Wilhamson (Annalen, 1846, 57, 225) 
found that potassium feme ferrocyanide 
(Williamson’s blue), when boiled with potassium 
ferrocyanide, gives potassium feiricyanide and 
Everitt’s salt 

K,Fe“(CN) „+ KFe"'f Fo>'( CN) d 

=K,Fc'"(CN) „+ K,Fe"f Fe"(ON) ,] 

Since Eveiitt’s salt is leadily oxidised to William- 
son's blue by warming with dilute nitric acid, 
the piocess might (as Dittmar suggested) be 
utilised to complete the conversion of ferro- 
into feiiicyanide, clilorine being used up to 
the point at which Prussian green begins to be 
formed 

Many other oxidising agents have been 
suggested in place of chlorine, such as bromine, 
lead peroxide, calcium plumbate, potassium 
permanganate and persulphate, and electrolytic 
oxidation (see Bertelsmann, Tcchnologie der 
Cyanverbmdungen) 

Potassium ferricyanide crystallises from 
water in magnificent, deep - red, monoclimc 
prisms which may bo very largo It is anhy- 
drous . sp gr 1 845 The aqueous solution has 
an intense yellow colour The solubility (grams 
of anhydrous salt dissolved by 100 grams of 
water) is 33 at 4 4°, 36 at 10°, 40 8 at 15 5°, 
58 8 at 37 8°, 77 5 at 100°, and 82 6 at 104 4° 
(Wallace, Dingl. poly J 1856, 142, 52) Specific 
gravity of the solutions at 16° (Schiff, Annalen, 
1860, 113, 199) — 

^ 

Sp Ri 1 0051 1 0201 1 0538 1 0831 1 1139 1*1462 1*1802 

The aqueous solution is decomposed by hght, 
potassium ferrocyanide being formed. The 
caustic alkaline solution is a strong oxidising 
agent which dccolourise.4 indigo instantaneously 
The alkaline solution is also reduced by hydrogen 
peroxide, oxygen being evolved 

Ferric ferricyanide. The dark- brown solu- 
tion, formed when solutions of a ferricyanide 
and of a feme salt are mixed, contains ferric 
femeyamdo in the form of a highly disperse 
colloid. Ultramicroscopic examination show 
that*" the particles gradually increase in size, 
a green substance ultimately separating out 

2 o 
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(R. Haller, Kolloid Zeit. 1917, 20, 76).' The 
formation of a green substance by the action 
of chlorine on potassium ferricyanide was first 
noticed by Pelouze (Ann Chim Phys. 1838, 
[2] ()9, 40). Green feme ferncyanides are also 
obtained by boiling Prussian blue with strong 
nitnc acid or by preeijntatmg potassium fern- 
cyanide containing a little ferrocyanide with 
ferric chloride (H E Williams) 

Potassium carbonylferrocyanide 

K3[Fe(CN)5C01H,0 

18 formed b^^ the action of carbon monoxide 
on an aqueous solution of potassium ferrocyanide 
at 135‘" 

K4Fe(CN)e+CO+2H20 

- K3Fe(CN)5CO + NH, -f- KHCO 2 
(Muller, Ann. Chim Phys 1889, [6] 17, 94) 
Carbonylforrocyanide^s are found in the cyanide 
mud and s])ent oxide of the gas works, in which 
fiom 2 to 5 p c of the cyanogen (exceptionally 
as much as 20 pc) is present m thrs form 
(H G. Colnian, Analyst, 1908, 33, 261) When 
the caustic soda extract of these materials, 
mixed with 4 to 5 timers its volume of methylated 
spirit, IS allowed to stand for some hours, the 
sodium feirocyanide crystallises out completely, 
leaving the carbonyl feriocyanide in solution 
It IS isolated, in the form of the amorphous, 
deep-violet feme salt, by adding ferric chloride 
to the acidified solution The deliquescent 
calcium salt Ca 3 [Fe((:!N) 60 ()l,, 8 H ,0 is obtained 
by boiling the feme salt with milk of brae 
The carbonyl ferrocyanides resemble the corre- 
sponding ferrocyamdes, but are paler in colour 
and more soluble in water The copper salt, 
a green precipitate soluble in excess of ammonia, 
18 characteristic 

Sodium nitroprusside Na2[Fe(CN)5N01 2 H 2 O 
was first prepared by Lyon Playfair (Phil Mag 
1850, [3] 36, 197) by the action of dilute nitric 
acid on a solution of a ferrocyanide The 
primary products of the change, hydroferii- 
cyanic acid and nitric oxide, react thus 
H 3 Fc(CN)fi-f NO = H,Fe(CN) 5 N()-f HCN The 

salt IS also formed by adding a concentrated 
solution of ferrous sulphate to a solution con- 
taining equal parts of sodium nitrite and potrvs- 
sium cyanide It crystallises in dark-red prisms, 
soluble in 24 parts of water at 16° The solu- 
tion 18 not precipitated by a feme salt, and gives 
a deep violet colouration with alkali sulphides 

Sodium aquopentacyanoferroate 

Na3[Fe(0N)5H201,5H20 

is obtained by the action of reducing agents, 
such as phcnylhydrazme or hydroxylarame, 01 
of oxidLsing agents, such as potassium hypo- 
bromite and hydrogen peroxide on a solution of 
sodium nitroprusside at temperatures below 
0° The action of hydrogen peroxide is analo- 
gous to its behaviour with a femcyanido 
2K3Fe(CN)e+H20a-f-2K0H 

=2K4Fe(CN)e-f02-|-2H20 
The salt crystallises in reddish-yellow needles, 
giving an intensely yellow solution, which does 
not yield a violet colouration with alkali sul- 
phides. 

Sodium aquopentaoyanoferriate 

Na2[Fe(CN)4H,0] 

13 obtained by oxidising the foregoing compound 
with bromine. It is a deep violet- blue substance. 


and Cambi has shown that the potassium 
perferncyanide obtained by Bong (Bull. Soc. 
chim 1876, 12) 24, 268) and Skraup (Annalen, 
1877, 189, 368) by the action of potassium 
chlorate and an acid on a solution of potassium 
femcyanido, is the potassium salt of the same 
acid It IS also obtained by the action of 
excess chlorine on potassium ferricyanide, a 
deep violet solution being formed, from which 
the salt 18 precipitated by alcohol. 

A series of pentacyano iron compounds hcis 
also been prepared, which may be regarded as 
derived from the aqiio- compounds just described 
by the replacement of the H^O group m the 
anion by one of the groups NO>, AsOg, SO3, 
NH3, or substituted ammonias. 

Literature. — K A. Hofmann, Zeitsch anorg 
Chem 1896, 11, 31, and 278; ihid. 1896, 12, 
146 ; Annalen, 1900, 312, 1 ; W Manchot, Ber 
1912, 45, 2869; L Cambi, Gazz chim ital. 
1911, 41, i. 167. 

Hexamethyl carbylamine ferro salts By the 

action of methyl sulphate on dry potassium 
ferrocyanide or of methyl iodide on silver ferro- 
cyanide, E G J Hartley has obtained a series 
of salts of the general formula fFe(CNCH 3 ) 8 ]R 2 , 
R being a univalent acid radical,* in which the 
lion cyanogen complex plays the part of cathion. 
When heated with concentrated sulphuric acid, 
or boiled with aqueous caustic soda, these salts 
are decomposed, the whole of the nitrogen 
appearing in the form of methylamine, or of 
methyl carbylamine, which proves that all the 
nitrogen atoms are linked to methyl 

Tetramethyl ferrocyanide 

formed when hexamethylcarbylamine ferrochlo- 
rido [Fc(ONCH3)6]C1, is heated at 140°-150° in 
a vacuum for 6-9 hours, methyl chloride being 
split off Two isomeric forms, with the same 
molecular weight, have been separated from 
the reaction product The a-isomer is much 
more readily soluble in water, alcohol, and 
chloroform than is the ;8-isomcr, and from watei 
it crystallises with two molecules of water of 
crystallisation, the )8-i8omer combining with six 
They also differ m their behaviour towards 
methyl iodide, witli which the a-compoiind com- 
bines at 100°, yielding hexamethylcarbylamine 
forroiodide, the iS-compound remaining un- 
changed No method of converting the one 
form into the other has been discovered (E G J 
Hartley, Chora Soc Trans 1910, 1066 and 1725 , 
ihid 1911, 1649, ihid 1912, 705; ihtd 1913, 
1196). 

Constitution of the Iran Cyanoqen Compounds. 
— When dissolved in water these compounds 
dissociate electrolytically into a complex ion 
containing the iron, cyanogen, and other groups , 
the sign and magnitude of the electric charge of 
this ion depend on the nature of its constituent 
groups of atoms. The ions Fe(CN) e'", Fe (ON) a"", 
Fe(CN),CO"', Fe(CN) 4 NO", Fe(CNCH 3 )c" are 
examples of this These 10 ns possess consider- 
able stability, but are probably dissociated to a 
very small extent For example, the ferro- 
cyanogen ion is supposed to dissociate thus, 
Fo(CN) 4 ""^Fe--|- 6 (CN)' (F. Haber, Zeit. 

Elektrochem. 1906, 11, 846; Foster, Chem. 
Soc. Trans. 1906, 912). In the dark the con- 
centration of ferrous ion is too small to produce 
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a precipitate of FeS with an alkali sulphide, but 
the complete decomposition of the ferrocyanogen 
complex by mercunc oxide shows that the minute 
concentration of (ON)' m a solution of a ferro- 
oyanide is greater than that in a solution of 
mercuric cyanide. The dissociation of the 
ferrocyanogen ion is increased by light, especially 
the ultra-violet rays, so that in alkaline solu- 
tions, oxygen produces a precipitate of ferric 
hydroxide The increased dissociation is, how- 
ever, so small that no appreciable increase in 
the conductivity of the solution can be detected 
Measurements of the osmotic pressure and 
electrical conductivity of solutions of the 
ferrocyanides of calcium and strontium have 
been made by the Earl of Berkeley, Hartley 
and Stephenson (Phil Trans. 1909, 209A, 319), 
the results of which are incompatible with the 
assumption of a molecule naJFo(CN)Bl dissoci- 
ating into throe ions, it is suggested tiiat the 
undissociatod molecules may be double I'hr 
non-electrolyte, tetramethyl ferrocyarudo, exists 
as single molecules in aqueous solution, and, 
from measurements of the freezing-point, 
Buchboek (Zeitseh. phys (^heni. 1897, 23, 157) 
arrived at the same lesiilt m the case of 
tetraethyl ferrocyanide 

Seveial cases of isomerism have been re- 
corded Locke and Edwards (Amer Cliem. J 
1899, 21, 193 and 413) observed that the ordi- 
nary anhydrous, red potassium fcirieyamdo is 
converted into a grcomsh-yellow modification, 
crystallising with 1 molecule of water by tieat- 
ment with acids This ;8-ferricyanide gives no 
precipitate with bismuth nitrate, the ordinary 
a-modification giving a straw-coloured precipi- 
tate. The y9-ferricyamde is convoitcd into the 
a-salt by treatment with alkalis Briggs 
(Chem. Soo Trans 1911, 1019) describes similar 
behaviour on the part of the ferrocyanides. 
Faintly acid solutions deposit more deeply 
coloured crystals of the /3- isomer, which are 
readdy converted into the a-form by treatment 
with potassium cyanide or alkalis. The l- 
menthyl ammonium salts of the two isomers have 
different specific rotatory powers in alcoholic i 
solution, otherwise only minute differences in 
density and solubility were observed Bennett 
(Chem. Soc. Trans. 1917, 490) finds that the 
a- and )3-ferrocyanides are crystalographically ; 
identical, and explains the difference oi colour i 
by slight decomposition of the acid solutions | 
In addition to the isomeric tetramethyl i 
ferrocyanides already mentioned. Hartley (C'hem 
Soc Trans 1914, 521) has recorded the existence 
of two isomeric trimethyl cobalticyanides 
Co( 0 N 0 H,) 3 (CN )3 (attempts to prepare the 
ferncyanide denvative were unsuccessful), which 
differ considerably in solubility. 

The synthesis of ferrocyanides from a feirous 
compound and of ferncyanidos by boiling excess 
of ferric hydroxide with an alkali cyanide 
(Skraup, Annalen, 1877, 189, 376), show that 
these compounds and their direct derivatives 
contain divalent and trivalcnt iron respectively 
It IS to be remembered that the iron cyanogen 
compounds here considered form one group of a 
great family of complex salts. Substances of 
the general formulae 

[M(CN)«1R3 and [M(CN)fl]R4 

are known in which the metal is Co, Cr, Mn, 


Ru, Rh, Ir, and Os, and m which the ON group 
may bo replaced by SON These are cToscdy 
related in structure and chemical behaviour 
to large groups of metal ammonia and halogen 
complex salts Under the circumstances, Wer- 
ner’s formulation of these salts, although it 
lacks the definiteness of the structural formulae 
of organic chemistry, appears to be the best 
available A Werner (Neuere Anschauungen 
auf den Gobieto der anorganischen Ohemie, 
3rd ed 1913) regards the complex salts as built 
up by the co-ordination of a maximum number 
of six groups of atoms round a central atom ; 
carbon, nitrogen, and boron arc exceptional, their 
maximum co-ordination number being four. 
The SIX groups are arranged symmetrically ; at 
the angles of a regular octahedron, they are 
attached to the central atom, partly by the 
ordinary piincipal valencies, partly by secondary 
valencies The nucleus so formed acts as a 
moic or less stable whole, which may still be 
able to combine with other atoms at a greater 
distcinc from the centre or on an outer sphere. 
These moie loosely hold ‘atoms dissociate clcctro- 
lytically when the substance is dissolved ; 
whether they are attached to the nucleus as a 
whole or to any particular atom m it is left 
undecided, although Werner inclines to the 
former view fi’ho number and nature of the 
lonogonie groups depends on Hie nature of all 
the atoms included m the nucleus For example, 
among the eomjiounds described, we have — 


Feiro-seiies 

[Pc(CN)„]K, 


CO 




Feni-series Corniilex forms 
[Fe((/N)fl]K 3 anion 


p,(CNCH3)4l 

'CN)3 J 


Lo((!NCH3),1 

L J 


not dLssociatcd 


(ON), 

lFc(CN(TT 3 )e](fi, cathion 

A further consequence of the theory is that 

r R 1 r R 1 

complexe-s of the formulse I M^,^* I and I M^,** I 

should exist in the two stereoisomeric forms 
represented by • 
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Possibly Hartley’s isomeric tetramethyl 
ferrocyanide and trimethylcobalticyamdes aro 
examples of these forms of isomerism Werner 
classifies the (somewhat uncertain) isomerism 
of the ferro- and ferricyanides as unexplained , 
but as Briggs has remarked (Chem Soc. Trans. 
1908, 1564), they would also come under the 
above heading if the potassium atoms are 
supposed to be attached to defimte CN groups 
in the nucleus. 

Manufacture of Potassium and Sodium 
Cyanides. — The methods of manufacture of these 
salts are most convemently desenbed together, 
since most of the processes used may equally well 
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bo applied to making either salt. The most 
important technical processes have already been 
mentioned in the introduction to this article 

Manufacture frmn YeUmv Prunsiate — Potas- 
sium cyanide was fii’st prepared by Berzelius’s 
method, which consists in heating dry potassium 
ferrocyanirle to redness, when it decomposes 
thus : K4Fe(CN)e=4KCN+Fo-f 2C-f N,. The 
loss of cyanogen, which occurs in this way, is 
partly avoided by fusing the ferrocyamde with 
potassium carbonate, as first <lescribcd by 
F and E Rodgers (Phil Mag 1834, f3] 4, 91) 
Liebig showed that the product contains cyanatc, 
formed thus : 

K4Fe(CN)8-hK,CO3-5KCN-fK0NO fFe+CO, 

The fused salt is allowed to stand until the iron 
and carbon have settled out, and is then poured 
off into moulds The cornpaiatively small 
quantities of cyanide, whicli were used in electro- 
plating and for othei purposes up to about 1890, 
were ma<lo by this process The product was 
sold in white, poicelam-like cakes, containing 
from 30 to 70 p c of K(’N. 

In 1876, E Erlenmoyer (Ber 1876, 9, 1840) 
pointed out that a very pure product, containing 
on the aveiage 40 p c. of CN (equivalent to 
KX) p c K(^N), was obtained by fusing dry 
prussiato with metallic sodium in the propor- 
tions requued by the equation 

K,Fe(0N)e }-2Na==4KCN+2NaCN-fFo 

This process w<is taken up first by the Deutsche 
Gold and Silbei Schoidc-Anstalt (F Rocssler, 
V Inter Kongress fur Angewandte Chemie, 
Berlin, 1903, 1, 638) in Frankfoit-on-Main, in 
1890 , they obtained a practically quantitative 
yield by filtering off the spongy iron from the 
fused cyanide and iiressing the iron wliilo red 
hot The cyanide so obtained is cast in cakes 
and forms a pure white crystalline mass Since 
about 1905, sodium ferrocyamde has been used 
in this process in place of the potassium salt, and 
the product is almost pure sodium cvanide 
The excess of the gas works ferrocyamde over 
that required in the colour industries is 
converted into sodium cyamclc in this way 

It has been proposed to distil ferrocyamdes 
with acids and to absorb the hydrocyanic acid 
in solutions of caustic alkairs. Grossmann 
(Eng. Pats 36 and 4513, of 1903 , J Soc Chem. 
Ind 1903, 22, 1327) distils sodium ferrocyamde 
with 20 p c sulphuric acid in lead stills the 
Eventt’s salt remaining is re converted into 
sodium ferrocyamde by boiling it with caustic 
soda m a current of air The use of calcium 
ferrocyamde, which readily yields t;vo-thiids of 
its hydrocyanic acid, was proposed by J H 
Paul (Eng Pat 72 of 1903) W Feld (Eng. 
Pat. 24920 of 1901) conveits insoluble ferro- 
cyanides into mercuric cyanide, and then distils 
this with an acid Dewrance and Williams 
(Eng. Pat 28074 of 1908) distil the ferrocyamde, 
either soluble or insoluble, with 2-3 p.c. of its 
weight of cuproiLs chlondo and a small excass of 
sulphuric acid, the whole of the hydrocyanic 
acid being evolved. None of these proposals is 
at present of technical importance. » 

The processes of Siepermann and Beilhy wore 
the first synthetic processes to produce cyanide 
in largo quantities , they are most conveniently 
considered together because, although they differ 


widely m the methods adopted in carrying them 
out, they are both based on the same chemical 
reaction which was also used by IScheelo in the 
first synthesis of a cyanide ever made 

In Siepermann’s process (T). R. P 38012, 
March 10, 1886 ; Eng Pat 13697 of 1889 ; 9350 
and 9351 of 1900) a dry mixture of about 2 parts 
of charcoal and 1 part of potassium carbonate — 
that is, a sufficient excess of charcoal to keep 
the mixture in the form of a dry unfused mass 
throughout the process — is heated in the upper 
part of a vertical iron tube to a dark-red heat 
and treated with dry ammonia gas, which is 
taken up, forming potassium cyanate. The 
product is then allowed to fall into the lower 
end of the tube, which is heated to blight red- 
ness At the higher temperature the cyanate 
IS conveited into cyanide, the carbon monoxide 
evolved escaping through the upper jiait of 
the tube along with the hydrogen formed 
from the ammonia, without taking any part 
in the reaction. The finished material is 
drawn off into air-tight receptacles where it is 
allowed to cool completely, after which it 
IS systematically lixiviated with water l^otas- 
sium cyanide may be precipitated from the 
solution obtained (sp gr about 1 4) by adding 
excess of potassium carbonate, but according to 
the later patents it is preferable to evaporate it 
almost to dryness and extract the unchanged 
potassium carbonate with small quantities of 
water at 66° The lesidue of potassium cyanide 
and cyanate is then treated with water between 
— 18° and -f5°, which dissolves the cyanide and 
any residue of carbonate, leaving almost pure 
potassium cyanate The product of this process 
was first put on the maiket in 1892 (G Boilby, 
V Int Kongress angew Chem 15erlin, 1903, 1, 
630), but as the substance was m the form of a 
damp deliquescent mass, it could not be exported 
for use at the mines by itself but had to be fused 
with the product of the ferrocyamde process 

In the Beilby process (Eng Pat 4820 of 
1891), which began to produce m the same year, 
the quantity of charcoal used is very much 
smaller, very little more being employed than 
IS necessary to convert the potassium carbonate 
into cyanide thus 

K,C03+4C-f2NH3=-2KCN-|-3C0+3H2 

The charcoal is added gradually during the 
progress of the operation, so that the material is 
always m the form of a fused liquid through 
which the ammonia gas is forced under some 
pressure This is contmued until a sample 
shows the conversion to be sufficiently complete ; 
it is then only necessary to separate the small 
excess of charcoal by filtration in order to have 
a pure white saleable product Since the melt- 
ing-point of pure potassium carbonate (890°) is 
inconveniently high, previously made cyanide 
was mixed with it in starting the process, or 
the more readily fusible mixture of sodium and 
potassium carbonates was used, so that the 
cyanide made by the process was very similar in 
composition to that produced by the Erlenmoyer 
process from potassium ferrocyamde. In 1899 
the Beilby process contributed fully one-half of 
the total European production of cyanide 

It 18 difficult to obtain a satisfactory yield on 
the ammonia in these processes, owing to the 
rapidity with which it decomposes into its 
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oleinents at temperatures above 500° and in 
contact With metals, especially iron (Ramsay 
and Young, Chem. Soc. Trans. 1884, 88 ; Beilby 
and Henderson, ibid. 1901, 1245). For this 
reason it is necessary to work at the lowest 
possible temperature Siepermann, for example, 
obtained a yield of 86 p c on the ammonia when 
it was absorbed at a dark-red heat, but only 
58 p c at a blight cherry-icd heat Roadman 
(J Soc. ('hem Ind 8, 757, 1889) showed that 
almost theoretical elhciencies can be obtained 
at the low tempciatuies attainable in an oidinary 
organic combustion furnace, wJiilst Conroy 
{ibid 15, 12, 1890), working at very high tem- 
poratuios (1000°- 1200“), could not get moie than 
30 to 33 pc of the ammonia in the foim of 
cyanide In practice the leaetion velocity is 
also of groat importance , in the Beilby prot ess, 
whore the advantage of the largo suiface exposed 
by Siepermann’s dry mass of alkalised dial coal 
is sacrihced, the re«i(ition is too slow at tempera 
turos below 900°, the best icsulks aio obtained 
at 980°. In oidcr to keep down the dissociation 
of the ammonia at this high temperatuie it is 
injected into the fused mixture thiough coppei- 
hned tubes of such diametei that its time of 
contact with the hot metal ls less than one- tenth 
of a second 

The chemistry of the reaction has been 
investigated by J Pfh'ger {¥ Rocssler, V Int 
Kongicss angew Chem Bcihn, 1903, 1, 638) 
Ammonia and potassium carbonat(‘ react, yiehl- 
ing potassium cyanate and liydi oxide, a car- 
bamate being most piobably foimed as an 
intermediate product * 

CO(OK), I KOH 

CO<^(^^--K('N() j H,0 

When puie pottussium cyanate is heated at 
800°~900°, it decomposes, cyanide and carbonate 
being formed and nitrogen, caibon dioxide, and 
carbon monoxide evolved The nicchanism of 
this change is piobably as follows Drechsel (J. 
pr Chem 1877, [2] 16, 201 ) has observed that 
the cyanates of the alkaline earth metals deeom- 
])ose, when heated, into carbon dioxide and the 
corresponding cyanamido salts Assuming that 
the alkali cyanates behave siinilaily, the first 
change will bo 

2KCNO-K,CN,-fCO, 

Potassium cyanamide, however, decomposes 
completely at lower temperatuies than 800° 
into cyanide, potassium, and nitrogen . 

K,CN,=KCN+K+N 

The carbonate and carbon monoxide observed 
are thus due to the reaction between the metallic 
potassium and carbon dioxide which are formed 
simultaneously In presence of ehaicoal in 
excess, the greater part of the cyanamide follows 
Drechsel’s reaction (J pr Chem 1880, [2] 21, 77), 
K 20 N 2 -f"C= 2 KCN, instead of decomposing ; so 
that the apparent i eduction of cyanate by 
carbon piobably takes place in the two stages : 

2KCNO=K20N2 4C02 
and K 2 CN 2 +C-: 2 KCN 
C02+0=2CO 

The reactions occumng in the Beilby process 
are the same, except that, the whole process 


being canied on at the higher tempciatuic, the 
formation of cyanate and its conveision into 
cyanide take place simultaneously instead of 
being moie or loss sharply separated as tliey aie 
in iSiepermann’s process 

In the Niepoimann process, it is easier to 
use the ammonia elhciently, owing to the lowoi 
temperature employed, but this is counter- 
balanced by the greatei difliculty of woiking up 
the pioduct into a marketable foim. 

Cashid Pioic^s - — In 1894 If Y Castner 
(Eng Pat 12219 of 1894) patented a process in 
which sodium was fed m at the uppei end of a 
column of led-hot charcoal through which a 
current of dry ammonia gas was passed from 
below, the icaition being expiessed by the 
simple equation . 

2Naf2C h2NH,=2NarN4-3H, 

111 a second patent (H Y Castner, Eng Pat 
21732, 1894) it is shown that belter results arc 
obtained by first allowing the sodium and am- 
monia to leact at a low lempeiature (300° to 
! 400°), foiming sodium .imide NaNlI^, and then 
running the amidt' on to an ('xeess of led-hot 
chaicoal with which it leacts thus : 

NaNll2 + (^^=-Na('N [ 

Working in this way, it happened on one 
occasion that an cx( ess of amide was acci- 
dentally run into the \e8scl containing the 
charcoal, and a pioduct of unusual aiDpearance 
Wtis obtained, in which the writer found a largo 
(juantity of sodium cyanamide 'J’hc leaction, 
thciefore, takes place m three stages, m which 
the nitiogiui entcis successively into more and 
more stalile combinations First sodium amide 
is pioduied, a compound wIiilIi begins to de- 
compose lapidly into its elements at 500° 
(Titheilcy, (jhem 8o( Tians 1894, 504), this 
reacts either with carbon 

2NaN H > -h C - Na ,(.'N , -f 2 H , 
or, as Pfleger found, with sodium cyanide 
NaNH^ fNaCN = Na,()N2 }-fI, 

foiming sodium cyan.imide, a comjiouiid which 
only decomposi's slo^\ly at 600“, and linally this 
takes iqi caibon, foiming sodium cyanide which 
IS quite stable at any tempeiature attained m 
the process 

Like the Beilby piocess, this piocevss yields a 
fused pioduct containing very small quantities 
of solid impuiities which are easily icmoved by 
filtration After being cast in non moulds, tlie 
cyanide is obtained m the form of pure wliitc 
cakes with crystalline fracture, containing 97^ 
to 98 p c. of NaC/N (equivalent to 129-130 p c. 
of K(5N) 

The greater part of the world’s cyanide re- 
quirements has been from its inception to the 
present date, 1920, supplied by this process m 
England It was worked out, under Mr. 
Castner’s direction, at the works of the Alumi- 
nium Co at Oldbury ; the first manufacturing 
plant was erected, by the writci, at Frankfurt- 
on-Main, just before Mr, Castner’s death m 
1899, and the second at Glasgow in 1900. 
The cxpeTiencod assistance of the staffs of the 
Frankfurt and Glasgow companies led to rapid 
improvement of working details A third 
installation started work near New York in 
1901. 
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' Schlempe' Process — The juice of the 
sugar beet contains both inorganic and organic 
substances other than sugar, and these sub- 
stances accumulate in the molasses In Ger- 
many, rather more than half of the molasses 
made are ticated with strontia, which combines 
with the sugar to form an insoluble su(;rate , the 
residue left after removing this, the concentrated 
essence of the impurities of the onginal juice, is 
known as ‘ sc lilempe ’ After concentration to 
sp.gr 1 4, it contains 75 p c of dry substances, 
30 p c of which are inorganic (mainly potassium) 
salts and the remainder organic substances 
The ‘ schlempc ’ contains about 4 p c of nitrogen 
m the form of betaine 

CH, CO 

I >0 

N(CIl3)3 

and decomposition products of the vegetable 
proteins Of tlie molasses not treated by the 
strontia process, a laigc pait is consumed as 
cattle food and a small part feimcntcd to 
alcohol The residue of the alcoholic fermenta- 
tion IS known in France as ‘ vinasbcs ’ 

The first attempt to utilise the nitrogen of 
‘ vinasses ’ was made by Vincent in 1877-1880 
He distilled the ‘ vmasses ’ in hoii/ontal iron 
retorts at a red heat, ammonia, a mixture of 
the three methylamines, monoethyl-, mono- 
butyl, and monopropylaniines, methyl alcohol, 
and combustible gases was evolved, and potas- 
sium carbonate mixed with some carbon remained 
behind (E Duvillier and A Euisme, Ann 
Cliim Phys 1881, [5] 23, 289 , II Ost, Zeitseh 
angcw Chem 1900, 19, 009) In 1879 Ortlieb 
anci Muller devised a piocess foi converting 
Vincent’s methylamines into hydroeyame acid, 
which was worked by the Kocictc Anonyme de 
Croix (Eng Pat 3844, of 1879) The vapour 
of the methylamines was passed tluough a red- 
hot retort, yielding ammonia, hydrocyanic acid, 
methane, and hydrogen The ammonia was 
absorbed by sulphuric acid, and the hydrocyanic 
acid by a suspension of fcrious hydroxulo in 
caustic potash The manufacture of the 
methylamines was abandoned in 1881 for want 
of a maiket, and with it the production of 
cyanides. 

The problem was again attacked by Bueb 
(Reichardt and Bueb, Eng Pat. 7171 of 1895, 
Bueb, Eng. Pat. 26259 of 1898) Instead of 
separating the products of distillation of the 
‘ schlempc,’ he passed them directly, after con- 
ilensing some tar, into a senes of hrebnek 
channels which were heated to bright redness 
The ammonia and hydrocyanic acid were 
absorbed together in a solution of ferrous sul- 
phate, and the product worked up in the same 
way as that made in the gas-works The narrow 
flues were soon stopped up by deposits of carbon, 
so that they were replaced by chambers filled with 
fire-brick checker- work, which is heated up to 
1000° by firing directly with producer gas , during 
this process, the deposit of carbon is burneef 
Two such chambers are used alternately, the one 
I'eing heated up whilst the gases from the retorts 
are passing through the other. The gases 
leaving the decomposing chambers contain 
7 p ( HCN ; 7 p c. NHg ; 8 p e (mainly) CH4 ; 
12 pc Hg ; 18 p.c. CO ; 24 p c. COg ; and 24 p c. 
N 2 . In passing through the decomposing 


chamber, the methylamines disappear and 
[ hydroeyame acid is formed, the ammonia under- 
going but little change. The ammonia is now 
removed from the gas by absorption in sulphuiic 
acid, and the hydrocyanic acid absorbed in 
water in a suitable column. The solution of 
hydrocyanic acid is then distilled into a solution 
01 caustic soda (A. Vasseur, Bull. Soc. Ind. 
Nord de la France, 1913, 41, 445) The solution 
of sodium cyanide is evaporated to crystallisa- 
tion, the crystals dried, and biiquetted by com- 
pressing them into blocks which are dried at 70° 
in vacu6 (Eng Fat 1809(5, of 1907), and then 
contain sodium cyanide equivalent to 120 p c. 
of KCN. 

Of the nitrogen in the ‘ schlempe,’ about one- 
half IS converted into nitrogen gas and so lost , 
a quarter is obtained as sodium cyanide and 
the remainder as ammonium sulphate 

The decomposition of di- and tri- methyl- 
amine, when passed through a heated porcelain 
tube filled with fragments of porcelain, fire- 
brick, or charcoal, has been studied by Voer- 
kelius (Dissertation, Hannover, H)09) At 
tempeiatures lying between 80()° and 1000°, 
as much as 98 p c of the tiimethylamine de- 
composes into hydrocyanic acid and methane 
N(CH3)3^HC’N-f 2(’H4, the lemainmg 2 p c. 
yielding ammonia N(CH 3H^=NHj-]-3CH4 
This result was obtained when the gaseous con- 
tents of the tube were changed once in 7i 
seconds ; with a slower curient of gas and also 
with a contact mateiial of large surface (fiicclay 
01 dial coal) or with iron, a pait of the h;ydro- 
cyanic acid is decomposed into its elements. The 
late of decom])osition at 1000°, however, is 
small At 720° the yield of hyclrocjanie acid 
was only 78 p c , and at (500° none was produced 
The formation of hydrocyanic acid from 
dimcthylamino also begins between 600° and 
700°, fiom 8(K)° to 1100° the change takes place 
cjuantitatively in accordance with the ecj^uation 
NH(CHJ^=HGN-fGH4-fH2. If hydrogen is 
jiresent, however, a second change occurs 
NH(CH3)2-f2H,=:NH3-t2CH4 Using equal 
volumes of hydrogen and dimethylamme, this 
reaetion is of no imj)ortance, but as the hydrogen 
present inereases more and more of the di- 
methylamine is converted into ammonia until, 
with a mixtuie of 97 paits of hydrogen to 3 paits 
of dimethylamme, ammonia is the sole pio- 
duc t 

The behaviour of monomethylamine is 
probably analogous to that of diinethylamine 
A Wurtz (Ann Chim Phys. 1850, [3] 30, 443) 
found that, at a red heat, it decomposes in 
accordance with the equation • 

3CH3.NH0-2HCN+NH3 + CH4 + 3H2 

In practice, therefore, the losses of hydro- 
cyanic acid and ammonia by decomposition will 
j depend on the rate of passage of the gases and 
[ on the nature of the contact material — the 
deposit of carbon on the porous bricks dimimsh- 
ing the decomposition of hydrocyanic acid 

The Deutsche Gold und Silbcr Scheide 
Anstalt (Fr Pats 447725 and 448722 of 1912) 
has made practical application of these observa- 
tions by passing the gases at a high velocity 
through heated conduits made of fused quartz 
or Dinas bnck without filling matenal. By 
this means, it is said that practically the whole 
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of the nitrogen is obtained as ammonia or 
hydrocyanic acid. 

Manufacture of Sodium and Potassimn 
Cyanides from Sidphocyanidca. — The sulpho- 
cyanido is firet conveited into foriocyanide by 
one of the methods already described, and the 
ferrocyamde then worked up into cyanide ; 
this IS the method actually in use. Other more 
direct processes have been used to some extent 

The earliest of tliese was D J. Playfair’s 
process (Eng Pat 7764 of 1890) Playfair found 
that certain metals, lead and zinc especially, 
when fused with potassium sulphooyamde, 
abstract the sulphur, leaving potassium cyanide, 
which may be separated from the metallic 
sulphide by extraction with water. The fusion 
is carried out at 400°, and 70-80 p c of the 
Bulphocyamde is converted mto cyanide (JI J. 
Playfair, J. Soc Chem Ind 1892, 11, 14, 
Conroy, ibid. 1896, 15, 8) The leaetion is 
slower with lead, owing to the small surface 
offered by the fused metal, whilst with zinc the 
product IS apt to bo contaminated by the double 
cyanide of zinc and potassium The process 
was worked about 1894 by the British Cyanides 
Co at Oldbury (Brussels Exhib 1910, Catalogue 
of British Chem. {Section, p. 63). 

Kaschen’s piocess (Eng Pats 10476, 10956, 
and 21678 of 1895, 19767 of 1898 , 12180 of 
1900) IS based on the oxidation of sulphocyanic 
acid to hydrocyanic and sulphuiic acids which 
was first observed by E A Hadow (Annalen, 
1858, 108, 380) llaclow found that permangan- 
ate, lead peroxide, manganese dioxide, and 
nitric acid bung about the same leaction 
Raschen found that it takes place quantitatively 
in acid solutions only when an excess of the 
oxidising agent is piesent If the oxidising 
agent is added to the sulphocyanide, solid yellow 
compounds are pioduced of variable composi- 
tion, one of which, ‘canaiin’ (qv)^ has been 
used as a yellow dye 

The Raschen process (J T Conroy, J. Soc 
Chem Ind 1899, 18, 432) was carried out by 
allowing a solution containing about 15 p c of 
sodium sulphocyanide to flow into dilute nitnc 
acid kept at the boiling-point by means of live 
steam. The reaction : 

NaCNS-[- 2 HN 03 =HCN-fNaHS 04 + 2 N 0 

took place From 3 to 5 p c of the nitric acid 
was less completely icduced, N2O3 being formed, 
so that the gas(*s leaving the decomposer were 
first sciubbcd with a little watei The resulting 
solution of mtric, nitrous, and hydrocyanic acids 
was returned to the decomposer The gas, 
which now contained about 1 volume of 
hydrocyanic acid to 2 volumes of nitric 
oxide, was passed through a solution of caustic 
soda (sp gr, 1 37), which absorbed the hydro- 
cyanic acid. It was found necessary to avoid 
saturating this solution completely with hydio- 
cyanic acid because of the brown decomposi- 
tion products which are formed from the free 
acid m presence of a cyanide The nitric 
oxide was then mixed with air and passed up- 
wards through towers packed with flints down 
which water trickled , in this way it was re- 
converted mto nitric acid (sp gr. 1 12) which was 
returned to the decomposer. The solution of 
sodium cyanide was evaporated to dryness in 
vacuum pans without appreciable loss. 


The reduction of snlphocyamdes by hydroqen 
was studied by Playfau (J. 80c (.’hem Ind. 
1892, 11, 14). He found that hydrogen acts on 
potassium sulphooyamde at a dull-ied heat, 
forming potassium cyanide and sulphide and 
sulphuretted hydrogen. 

Conroy, He^lop, and Shores (J Soc Chem. 
Ind 1901, 20, 320) showed that the reaction 
takes place slowly at 500°, and fairly fast at 
600° Their results indicate that two reactions 
occur simultaneously : 

KSCN + H 2 = KCN -f 

and 

2KSCN -f 2H2 = K^S + 2HCN + H ,S 

A httlc ammonia is also evolved, probably owing 
to the difljculty of diyiiig the sulphocyanide 
completely About 70 p e ot the nitiogen is 
obtained in the form of cyanide and 20 p c as 
hydioeyaiiic acid With baiium and cuprous 
sulphoeyanidei^, the leaction is similar to that 
represented by the second of the aliove equations, 
the piincipal nitiogenous product being hydro- 
cyanic acid With the cuprous salt, the reaction 
begins below 3(X)° 

Rossiter, (ho^vthei, and Albiight (Eng Bats 
4403 and 6226 of 1901) have patented a piocess 
based on the behavioui of the cuprous s-alt. It 
IS mixed with finely divided copper and heated 
at temperatures rising fiom 150° to (i50° in a 
current of hydiogen llydioiyanie acid is 
evolved and cuprous sulphide lemains behind 
Synthesis of Cyanides from Uncombined Nitro- 
gen, Up to tile outbreak of the Euioptan War 
in 1914 the nitrogen of cyanides was almost 
exclusively derivecl either from organic matters 
of animal origin 01 from coal The j i rsistent 
attempts to synthesise cyanogen compounds 
from atmospheiic nitrogen, which date back to 
the first half of the nineteenth eentiiiy, have been 
renewed during recent years, and important 
pi ogress luus been made The deficiency of 
cyanide caused by wai ccmditions has, to a small 
extent, been sup})lied by the product of one of 
the processes using atmospheric iiitiogen , but 
it remains to be seen whether any one of them 
will be able to hold its own in competition with 
the older sources of supply under more noimal 
conditions 

The attacks on the problem of fixing free 
nitrogen in the form of cyanide have been 
made by several paths whuli sometimc's inter- 
sect For convenience of description, they may 
bo arranged according to the raw materials 
used , the action has been studied of nitrogen 
on : — 

1 a. Alkali metal carbonates and carbon 

b. Alkali metals and carbon 

c. Barium carbonate and carbon 

2 a. Carbides of metals. 

h. Acetylene 

3. Metals forming nitrides, subsequently 
converted mto cyanides. 

1 a. Action of Nitrogen on Alkali Metal Carbonates 
and Carbon. 

Scheele may have been the first to fix atmo- 
spheric i^trogen in the form of a cyanide Writing 
in 1783, he says (Chemical Essays, 1901, reprint, 
288) • ‘ Wo know that charcoal powder, brought 
into fusion with fixed alkalis, yields likewise a 
kind of lixmum sanguinis, though weak.’ The 



456 


CYANIDES. 


source of the nitrogen is, however, doubtful, 
since charcoal contains a little combined mtiogon. 
Desfosses (Ann Chun. Phys. 1828, 38, 158) 
mentions that notable quantities of cyanide are 
obtained by the action of nitrogen on a mixture 
of potash and caibon heated to ledness, but the 
first thorough investigation of the rcaetion was 
made by LewLs Thompson, who was awarded 
the (fold Isis Medal ot the Society of Arts, in 
1838, for his improvements in the manufacture 
of Prussian blue. The chief impiovement 
consisted m the substitution of atmospheiic 
nitrogen for tlfat contained in animal matters 
(Mechanics Magazine, 1830, 31, 02) Potash 
(2 parts), coke (2 parts), and non tuinings 
(1 part), were giound together to a coame jiowdei 
and heated in an open crucible, foi hall an hour, 
to a full red heat with occasional stining , the 
end of the opoiation was indicated by the 
cessation of the jets of purple flame which arose 
from the surface of the miKturc After cooling, 
the material was lixiviated, and Piussiaii blue 
precipitated in the usual way. The yield was 
better with larger quantities of material than it 
was with smaller batches , thus 6 oz of poailash, 
containing 45 p c K^O, yielded 0 (>2 oz (295 
grains) of Prussian blue, whilst 12 oz (1 lb) of 
the same material yielded 2 8 oz (1355 giains) 
of blue , ^ that is, 0 23 and 0 54 part of Piussian 
blue for 1 part of K^O used Assuming that the 
Prussian blue was dried at 30^-40', and con- 
tained 28 pc of water, the tlicoietiial yield is 
2 1 parts, so that Thompson cyanised from 
1 1 to 26 p c of the potash used This calcula- 
tion may underestimate the yield, because it is 
stated that the Prussian blue spoken of is the 
‘ pure peiferrocyanatc of iron ’ Coke was used 
(because wood charcoal bums away too quickly), 
and the ‘ carbonaceous matter may be worked 
over again many times, and is even imjiioved 
by each opeiation.’ The impoitancc of the 
addition of iron is insisted on , when it is not 
employed a miic h higher temperature is required 

The importance of ^rhompson’s discovery of 
the catalytic action of iron wa,s not fully appreci- 
ated for nearly three-quaitei-s of a century, 
perhaps because the addition of iron for an 
entirely different purpose was a familiar featuie 
of the current process of manufacture of feiio- 
cyanide Contemporary criticism was con- 
cerned mainly with the source of the nitrogen, 
although Thompson’s statement that the 
carbonaceous matter improves on re-use would, 
if confirmed, have put the matter beyond doubt 

G. Fownes, m a paper read to the British 
Association (The Chemest, 1841, 2, 261), insisted 
on the possible error due to the piesenco of 
nitrogen m the coke used, and found, like 
Scheele, that charcoal or coke yields ‘ abundance 
of cyanide ’ when heated with potash in a closed 
crucible at a moderate red heat, which is not 
the case when pure carbon is used When pure 
mtrogen was passed over a mixture of pure 
potassium carbonate and sugar charcoal 
heated, in a porcelain tube, he observed 
that carbon monoxide was evolved at first 
in much greater volume than that of the 
nitrogen passed in. When the evoliition of 
carbon monoxide ceased ho found in two experi- 

^ The biacketed figures are Thompson's; they are 
recalculated on the assumption that Troy weight was 
used. 


monts at a ‘ full led lieat ’ that 11| and 12 J p c. 
of the potash had been convcited into cyainde, 
whereas at ‘ whiteness, much above the melting- 
point of copper,’ the production of cyanide 
appeared much greater 

The repetition of Fownes’ experiment by 
several chemists added little to our knowledge, 
and may bo dismissed in a few words Erdmann 
and Marchand (J. pr Chom. 1842, 26, 407) 
observed only a doubtful tiace of cyanide , 
Liebig and Wohler (Handwoiteibuch dcr 
Chemie, 1842, ii 384) could not conliim Fownes’ 
rasult , and Dclbiuck (J pr Chem 1847, 41, 
161) also obtained a mere tiaee of cyanide. 
None of these authois gives details of then 
methods Bunsen and Playfaii (But Ass. 
Rep 1845, 142), on the other hand, by heating 
a mixture of pure potassium carbonate and 
sugar charcoal in a gun barrel in a current of 
nitrogen at a tempeiature high enough to foim 
potassium (about 1200®), obtained 6*982 grams 
of silvei cyanide fiom an unmentioned quantity 
of potash It may be surmised that the different 
results noted were duo to dilfciences of 
temperature 

In addition to these laboratory exjienments, 
a most rcmaikable attempt was made to develop 
this piocess on a manufactunng scale Posso/ 
and Boissibie (Eng Pat 9985 of 1843, granted 
to their tirgent A V. Newton) began then experi- 
ments at Gicnelle, near Pans, in 1843, but 
liansfeired the plant in 1844 to the works of 
Messrs Biamwell & (Vi (one of the leading 
pnissiatc makem of that time) at Ncwcastle- 
on-Tyne ’J’he expeiimeiits weie earned on by 
Mr Biamwell and Mr F R Hughes until 
1847, and a detailed account of tliem, furnished 
by Ml Hughes, was published by Giahain 
(Repent of Junes, Exhib of 1851, 1, 95) 

Wood chaicoal was soaked in a solution of 
ordinary potash and dried, yielding a niixtuie 
containing about 20 p c 

first, heated in vertical fiic-clay retoits of small 
diameter, winch were filed externally Owing 
to the low th(‘rmal conductivity of the letoits 
and of the charcoal, the heat penctiated the 
mass very slowly, and the output of a tube was 
small It may be 2)Ointed out that this very 
serious difficulty is accentuated by the endo- 
theimic nature of the reaction, which was 
unknown at that time ; it is not only necessary 
to heat the charge to the reaction temperature, 
but the large quantity of heat absorbed by the 
reaction 

K2C03+4(f-fN,=2KCN-f3C0-129 Cals 
must also be supjJied 

After a number of alterations, retorts were 
adoj^ted, winch were built of ordinary fiic- 
brick ; they were 2 feet in internal diameter, 
and were heated for a length of 6 to 8 feet to a 
temperature sufficient to produce cyanide In 
an upper jirolongation, the wet charcoal was 
dried and preheated, and in a lower, unheated 
extension, made of cast iron, the product was 
cooled down, and then dischargecf, by means 
of an arrangement which jiermitted a periodical 
withdrawal of a part of the charge, into a solution 
of a foirous salt, mto which the lower end of the 
cast-lion tube dipjied A nng of small slots 
was left in the brick retort at every third or 
fourth course of bncks, through which the hot 
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nuvtuie of nitrogen and carbon dioxide in the 
furnace was drawn into the retoit by means of 
an aspirator attached to the upper end In this 
way the difficulty of heating the cliarge to its 
centre was oveicome The highest temperature 
in the furnace was sufficient to soften a Stour- 
bridge fireclay buck throughout its substance 
(1350°-1400° ?) The hot gases wore aspirated 
upwards, drying and preheating the fresh 
charge in the upper part of the retort As much 
as one-half of the alkah in the cyanised charcoal 
produced was found to bo in the foim of cyanide, 
and 7 or 8 retorts of the dimensions given yiclclecl 
36-40 cwts of prussiate of potash per week, 
under favourable circumstances About one- 
half of the charcoal used was consumed, and 
3 parts of potash were used for 1 part of prussiate 
made About one-third of the potash was 
accounted for by the piubsiate , one -thud 
remained m the refuse charcoal, which could 
not bo piolitably lixiviated , and the lemamdei 
combined with the bricks of the retort, or was 
volatilised up the chimney. Tho financial 
failure of tho process was due to the losses jof 
potash and to tho shoit life of the letoits 

R Hoflmann (Hepoit of Junes, Exhib of 
1862, 50) also tried large-scale experiments at 
Oedenwald in the Black Eorest, in 1858-1851), 
which may be referred to as a further illustiation 
of the difficulties mentioned above The 
alkalisod coke was heated in wrought-iion tubes, 
not moie than 1 foot m diameter, })rotccted with 
fireclay The furnace was heated to a bnght, 
white heat, winch fused the common buck woik 
behind the fiiebiick lining, but only minute 
({uan titles of cyanide were fornu'd , the failuie 
IS ascribed to too low tiunpenituie, foi it was 
found that tho middle poition of the coke in a 
tube was far from being while hot 

In 1878, (5 A Eawsitt (Eng Bat 4544 of 
1878) described a method of making ammonia 
by this jirocess In his experiments, which weie 
made at St. Rollox, (jlasgow, he used sodium 
caibonate instead of jiotash (J Hoc (ffiem ind 
1890, 9, 30) Using 3-inch or 4-inch wiought- 
11 on tubes, he obtained as much as 50 p c of tlie 
theoretical yield of ammonia, but with G-iiuh 
cast-iron tubes the yield was much smallei, 
because the cast non would not withstand the 
temperature needed. Idiesc expel iments, theie- 
fore, indicate that a temperature exceeding 
1100° (tho approximate melting-jiomt of cast 
iron) 18 requiied, although, m this case, the] 
diffeiences may have been clue, in jiart, to the 
facts that a tube of larger diameter would give 
worse results oven with the same exteinal 
temperature, and that the nitrogen used with 
the 6 -inch tubes contained from 3 to 5 p.c of 
oxygen. 

The patents of Victor Alder of Vienna are 
of interest, because they contain a cleai recogni- 
tion of the catalytic role of iron, and of the 
necessity of obtaining intimate admixture of 
tho reacting constituents, together with sufficient 
porosity to admit of free access of nitrogen 
Alder proposed to heat an intimate mixture of 
alkaline material and carbon in a closed vessel,^ 
in an atmosphere of nitrogen, and said • ‘ The < 
addition of finely divided iron greatly promotes ] 
the conversion into cyamde, but is not ausolutely i 
essential to the success of the operation ’ (Eng. i 
Pat. 1004 of 1880). In Eng. Pat. 5617 of I 


1881 lie states that tho reaction only succeeds 
m presence of carbonising gases, such as hydro 
carbons ol caibon monoxide, and that metals 
‘ capable of fixing and transmitting the carbon, 
such as iron, chromium, manganese, nickel, or 
cobalt, greatly promote the conversion ’ The 
charge is prepared, for example, by mixing a 
solution of tho alkali with charcoal and adding 
sawdust or other substance, which, when heated, 
will yield a porous mass , oi a thin paste of the 
alkalme solution and finely giound chaicoal con- 
taining some bmding mateiial is spread out on 
tho surface of lumps of ( harcoal The ‘ car- 
bonising metal ’ is to be adiled ns such, as oxide 
or in the form of a solution ot a salt which, 
when heated in a cuiient of si earn, will decom- 
pose, leaving a deposit of the oxide, which, in the 
cyamsing piocess, will be i educed to metal 
Alder appeal’s, howiTvei, to have been under the 
impiession that the success of a technical process 
depends on the emjiloynient of the cheapest raw 
matciials, however unsuitable they may be, 
and a great [lart of the specifications consists of 
desciiptions of the pieparation of alkali-cai bon 
mixtures from suili substances as alkali sul- 
phates, limestone, and co.il, as in the Le Blanc 
alkali process , the failure of the process is not, 
theiefoic', surprising 

The catalyfie action of non was le-diseoveied 
by E Taubei in 1899 (Bei 1890 32,3150, and 
more fully m Dio Elicm Ind 1903, 26, 21)) 
Trials of ditfeient kinds of caibon and difterent 
alkalis showed tliat potash oi soda and wood 
(harcoal aic the most active matciials An 
intimate mixture of alkali and cliaicoal was 
made by soaking sawdust in the alkaline solution 
and caibomsing the nuxtnie , non (leduccd by 
hydrogen) in fine powdei was added to this, 
3 paits of iron to 1 pait of soda giving the best 
results The mixtuies weie lieated, m iron 
boats enclosed m glass tubes, for Ij bom's at 
tempeiatnres betwemi ‘dark and rnodciate ’ 
red heats, a ennent of pmified introgcm being 
passed In some eases more than 25 pc of 
the soda us‘^d was cyanised, but iisnally a 
conversion of 10 p c was not exceeded Mag- 
nesium, tungsten, cliiouuum, and nickel weie 
found to possess some ( atalylic activity, though 
much less than iron 

Between 1843 and 1912 some 30 patents 
were granted in Creat Biitain for modifications 
of tho piocess desciibed by Bossoz and Boissieie, 

I in which tho blast furnace type of appaiatiis 
recurs fiecpiently , no details of the results 
obtained, or of tho causes of failuie, appear to 
have been published Since 1912 the numeious 
patents of J E Bucher (especially Eng Pats 
27713 of 1912, 23292 and 13332 of 1914; 
2286 of 1915), which are being developed by 
tho Nitrogen Products CV) of Providence, 
Rhode Island, at tlieir works at Saltville and 
Niagara Falls, have directed renewed attention 
to the catalytic action of iron Prof Bucher’s 
results (J Ind Eng (ffiem 1917, 9, 233) surpass 
any which have previously a]ipeared in punt , 
this appeal’s to bo clue partly to the fact that 
he has clearly realised that tlie necessary con- 
ditions, afteady known separately, must be 
fulfilled simultaneously, and partly to the 
ingenuity and care devoted to the detailed 
adaptation of means to this end 

Carbon and iron oxide are separately ground 
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m a ball mill to pass 100-mesli sieve, and then 
re-ground together, after which dry sodium 
c5arbonate is added The open-gramed structure 
which is necessary to allow nitrogen to pass 
through the inateiial is obtained by briquetting 
This 18 done by kneading the powder, at about 
100°, with a little more water than is required 
to form the monohydrate Na^COgjHgO, and 
squirting the paste into small rods about 1 inch 
long and J inch diameter These aie diied at 
once, before cooling, because the expansion due 
to the formation of the decahydrate at tempera- 
tures below 35° causes them to fall to jiowder 
When heated above the melting-point of sodium 
carbonate (852') these little biiquettes become 
plastic to some extent, but retain then shape 
sufhcientl}' well to permit free circulation of 
gases through a column several feet thick 
Mixtures of coke, non, and*sodium carbonate in 
proportions from 2 2 1 to 2 2 2 give satis- 
factory results, the smaller proportion of sodium 
carbonate giving the fastest leaction owing to 
the greater accessibility of the active caibon- 
iron sui faces to nitrogen The reaction is said 
to begin about 700°, and the eutectic tempeia- 
ture of iron-caibon (about 1150°) should not be 
exceeded because fusion of the pai tides of iron 
into larger globules diminishes then active 
surface The speed of the reaction, under 
suitable conditions, is consideiable , foi ex- 
ample, the 2 2 1 mixture heated, in 13 minutes, 
from 710 to 1)20 in a curient of nitrogen, yielded 
a product containing 15 2 p c Na(^N, 92 p c 
of the sodium being in the form of cyanide 
8ochum cyanide volatilLses somewhat freely at 
900°-950°, so that in a stationary column of 
material in a vertical tube, the upper layem arc 
muc’h richer than the lower ones, and a considei- 
able loss of alkali is observed , it is anticipated 
that this will not occui in a contmuous process, 
since the incoming fresh chaige will condense 
the cyanide vapoui. 

In Older to supply the necessary quantity of 
heat (Na^C03+4Cd-N2-=2NaCN-i-3(D— 138 5 
Cals ) at a sufficient rate, Bucher pioposes, foi 
example, to use the hot charge itself tis an 
electrical resistance {tf Keadman’s ajiparatus, 
below), or to use electrically heated molten iron 
saturated with caibon and to pass a mixture of 
nitrogen and sodium vapour through it 

Producer gas may be used at high tempera- 
tures, but the cyamclc disajipears if the product 
IS allowed to cool in an atmosphere containing 
carbon monoxide This may be due to the 
formation of carbon dioxide, as Buchei suggests, 
by the reaction 2 (' 0 ==(^ 02 d“C, which is accele- 
rated by iron, it is also possible that the reaction 
Na 2 t/ 03 + 4 (^-f”N 2 = 2 NaCN-|- 3 C 0 is reversible, 
as has been proved in the analogous case of 
barium carbonate 

Since this was written the reversibility of 
the reaction has been proved by J. ii Ferguson 
and P. D. V. Manmng (J. Ind Eng Chem 
1919, 11, 946). Mixtures of sochum cyanide or 
of sodium carbonate (3 parts), charcoal (1 part), 
and iron (1 part) were heated in piesence of 
defimte mixtures of carbon monoxide and 
nitrogen. The composition of the product was 
not affected by the nature of the initial materials, 
but varied with the temperature and the com- 
position of the gas With 5 p c CO, for ex- 
ample, 75 p.c of the alkali was cyanised at 


946° and 80 pc. at 1000°; with 48 n.c. CO, 
27 5 p c and 69 p c were (yaniscd at the same 
temperatures Owing to volatilisation of cyan- 
ide it IS probable that true equilibrium was not 
realised , the crior will be greatest for jiroducts 
rich in cyanide 

C O Brown (J. Ind. Eng Chem 1919, 11, 
1010) has desciibed the plant which was erected 
by the (Government of the United States in 
1917-18 to produce 10 tons of sodium cyanide 
daily by the Bucher process Briquettes, made 
in the way desciibed above, were heated at 
1000° in vertical, gas-fiied, steel, or nichrome 
tubes in a current of vciy pure nitrogen. The 
product, containing about 20 p.c. NaCN, was 
exti acted with liquid, anliydious ammonia ; 
by this means the formation of fciiocyanide is 
avoided, and any unchanged alkah is leftr 
undissolved m the residues which aie reground 
with sufficient carbon and soda and reused 
Evaporation of the ammonia solutions leaves 
sodium cyanide, containing 92 p c NaCN, as a 
white powder The loss of ammonia was about 
^ lbs per 100 lbs cyanide made. Each steel 
tube pioduced about 7^, lbs of sodium cyanide 
hourly, and liad a life of 11-14 days The 
woik was abandoned attei the aimistice in 1918 

It may be mentioned here that the Cassel 
(Jyanide Co , of (Glasgow, has used iron as 
a catalyst in the manufacture of cyanides fiom 
atmosplieiic nitrogen since the >ear 1909, 
when the writer first became fully aware of its 
great activity under suitable circumstances. 
I’he work in which sodium caibonate was 
employed as raw mateiial was carried out 
entirely by Mr J. H Young Setting out from 
finely divided, preciyiitated ferric oxide and 
chaico.il (tlie purest and most active form of 
caibon available), tht‘ mixtuies were made by 
grinding these substances separately and then 
togcthei, linally adding the dry sodium caibonate 
and le-gnnding The nec’cssaiy jioiosity of the 
material to be treated with nitrogen was secured 
by adding a ([uantity of the very bulky charcoal 
obtainc'd by carbonising shavings , the tiddition 
of 15 parts of this mateiial to a ground mixture 
of 20 paits of sodium earbonate, 8 parts ferric 
oxide, and 15 parts charcoal, gave good results, 
(>0-80 p c of the alkali being cyanised at 000°. 
'fhe residual charcoal-iron mixture resulting 
from the lixiviation of the cyanised mass gave 
even better results than a fresh mixture. A 
laiger scale, continuous plant was at work in 
1913, in which the mixtures were heated in 
vertical steel tubes, of (> inches bore and about 
10 fec‘t long, of which a length of about 5 feet 
w<is heated to the working temyierature. The 
lower part of the tube served for cooling the 
product, which was withdrawn by means of a 
horizontal spiral conveyor, fresh mateiial being 
fed in at the top of the tube Pure nitrogen 
was employed, and very careful measurements 
of the temperature showed that under satis- 
factory working conditions the temperature in 
the axLs of the tube was 900”, near the inside 
wall of the tube it was 950°, whilst a thermo- 
couple m the furnace in contact with the outer 
wall of the tube indicated 1010°. These 
measurements indicate quite clearly the necessity 
of using tubes of small diameter when external 
heating is relied on Temperatures higher than 
those mentioned were found to be undesirable 
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owing to thoir serious effect on the life of the 
steel tubes, and also on account of the danger 
of fusing part of the iron catalyst, and so 
diminishing its active surface. Each tube of 
the dimensions mentioned produced from 40 to 
50 lbs of feoclium cyanide in 24 hours, the pro- 
duct containing from 21 to 20 p c. NaC^N. 

The results described, together with the older 
experience of the reaction between alkalis and 
nitrogenous organic matter, make it easy to 
understand the occurrence of cyanides in kelp, 
barilla, Le Iffanc alkali, and the residues from 
the preparation of potassium (which were known 
to Lewis Thompson in 1839), and especially in 
the blast furnace. Clark (Phil Mag 1837, 10, 
729) described the occurrence of cyanide at the 
Clyde Iron Woiks, in a furnace using raw coal 
and hot blast, m quantities such th^at wheel- 
barrows full could bo obtained Zincken and 
Bromcis (J pr Chcm. 1842, 25, 240) found a 
quantity of potassium cyanide in the (harcoal 
lemammg in the heartli of a furnace in the 
Harz which had been closed down This 
furnace had been worked with charcoal and a 
hot blast Kedtenbaeher (Annalen, 1843, 47, 
150) desciibed the formation of potassium 
cyanide in quantity (it was used for electro- 
plating) 111 a charcoal non furnace at Mariazell 
in Steiennark, which ivas also woiked with 
blast heated as high as 350° Bunsen and 
Playfair (But Ass Rep 1845, 142) observed 
the production of more than 2 cwts per day of 
potassium cyanide m the coal-hred fuinaco at 
Alfieton, which woiked with blast at 330°, 
they also showed that the potassium was 
derived mainly from the non ore used, the furnace 
charge containing suOicient potassium to pro- 
duce 377 lbs of K(/N per clay The cyanide 
was found m the hottest part of the furnace, 
2 feet 9 inches above the tuyeres, but some 
7 feet lugher there was very little Sir Lowthian 
Bell (J. Soc Chem Tnd 1890, 9, 710) gives the 
following figures for the distiibution of cyanogen 
in a more modern furnace at the Clarence 
Works, which was worked with coke and Cleve- 
land iron 01 e and blast at about 700° . — 

Height escape 

above hearth . 8 ft. 24 ft 52J ft. 00 ft. pipe 

Grams ON 

per cb m gas 49 00 15 70 7 07 6*94 4*73 

It is generally assumed, piobably correctly, 
that the blast fuinace cyanide is produced fiom 
free nitrogen, but it is intciesting to note that 
Sir L Bell’s furnace consumed 60 tons of coke 
er day, which probably contained at least 
ton of combined nitrogen. 

The mechanism of the reaction which occurs 
between carbon, alkali carbonates, and nitrogen, 
and the role of iron, are still quite obscure. The 
old view, that carbon and nitrogen (‘nascent* 
or otherwise) unite to form cyanogen which is 
then fixed by alkalis, is extremely improbable 
in view of the nature of the equilibrium 

2C-f-N2 

(v. Cyanogen), and of the fact that no one has 
succeeded in isolating a trace of cyanogen gas 
made by the direct union of the elements. The 
possibility that a carbidi) may be an intermediate 
product is discussed later. It is, at least, an 
ascertained fact that some metallic acetylides do 
combine with nitrogen, although the behaviour of 


the alkali metal derivatives has hardly been in- 
vestigated. The intermediate formation of free 
alkali metal has also been asserted to be neces- 
sary, but as the alkali metals (except lithium) 
do not combine directly with nitrogen, whereas 
they do combine with carbon, this seems to bo 
identical with the assunqition of the intermediacy 
of a caibide No valid expeiimental evidence 
appears to have been advanced in support of 
the existence of any intermediate compound 

16. Action of Nitioqcn on Allah Mdah a%d 
K Carbon. 

This icaction appeal's to have been observed 
for the fii-st time by R E Marc hand (J pr 
Chem 1860, 49, 351) A statement that cast 
iron and steel contain from 0 5 to 1 2 p c of 
nitrogen induced him to test some 30 samples 
of cast iron by Lassaigne’s method, that is, by 
heating the sample to icdness, m a test tube, 
with potassium, extracting the product with 
water, and applying the Ihussian blue test to 
the solution A c opious piccipitate was obtained 
in every case He found, however, that, when 
the residue of non was dried and agam heated 
with potassium, theie wavS a further pi eduction 
of Prussian blue, and that this continued so 
long that. With 8 grams of powcleied iron, it 
was impossible to exhaust the leaction Q’his 
led March and to sus^iect that the mtiogen was 
derived from the air, and he pioved that this 
was the case by cariying out the reaction in an 
atmospheie of hydrogen or of carbon dioxide, 
when no moie than a doubtful tiace of blue was 
obtained, and, further, by heating the mixture 
of cast non and potassium (aftei drying it in a 
current of hydrogen) in an atmosphere of nitrogen 
in a closed tube, when he found that the nitrogen 
was completely absorbed He also showed 
that steel behaves like cast iron, but soft non 
does not Marchand did not obtain the reaction 
with a mixture of caibon and iron obtained by 
heating ferric succinate or benzoate, and 
theiefore concluded that success depends on 
the carbon being in cliemical combination with 
the iron. 

The success of Lassaigne’s test, when applied 
to organic substances containing sulphur, had 
been questioned by O Jacobsen, who recom- 
mended the addition of reduced non in such 
cases. Making the test in this way, I. Remsen 
(Araer. Chem J. 1881, 3, 134) obtained Piussian 
blue from substances, such as pure cane sugar 
and sodium potassium tartrate, which contain 
no nitrogen After proving that the reduced 
iron employed was not the source of the nitrogen, 
Remsen heated a mixture of the tartrate, pure 
reduced iron and sodium, first in hydrogen to 
dry it, and then in nitrogen, obtaimng a very 
largo precipitate of Prussian blue. He also 
made the new observation that the iron powder 
loses its activity when it is superficially oxidised 
by exposure to air, which may perhaps explain 
Marchand’s failure to obtain the reaction with 
his mixtures of iron and carbon 

The reaction was re-discovcred by E. Tauber 
(Ber. 1899, 32, 3160), whose experience coincided 
almost exactly with that of Remsen. 

H Y. Castner, in 1894, patented a 
process in which sodium was allowed to flow 
downwards over a column of red-hot charcoal in 
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an non vo«8el, a current of nitiogen passing 
upwaids tluough it (Eng. Eat 12218 of 1894). 
It IS doubtful whether this process received more 
than a cursory tnal It was taken up again by 
the Roessicr and Hasslacher company about 
1910 Tliey hnd that a mixture of sodium 
vapour and nitrogen leacts witli charcoal m the 
absence of non at 650 ^ and that the speed of 
reaction is sufhcientfoi manufacturing purposes 
at trunpeiatuies above about 800°. (H Philipp, 
Chcm and Met Eng 1920, 22, 313 , US 
Pats 1249821, 1917, 1235887, 1917). 

In 1912, J. E. Bucher applied for a patent 
for the manufacture of cyanide by the direct 
union of its elements in picscnce of iron (Eng 
Pat. 11797 of 1913, US Pats 1082845 of 
1913, and 1116559 of 1914) A temperatuie 
of from 500° to 800° is said to be suitaDle, and 
iron and caibon are to be intimately mixed 
Like Marchand, Bucher also observed the 
removal of caibon from cast iron or steel by the 
action of sodium and nitrogen on them He also 
follows Marchand m adopting the view that iron 
acts as a solvent of carbon, the dissolved carbon 
being supposed to be capable of entering into 
combination with sodium and mtrogen Wlien 
sodium carbonate is used, it is assumed that 
a little metallic sodium is formed by the action 
of carbon, even at the low temperature (700°) 
at which the rc'action proceecLs, tlio removal of 
this, by conversion into cyanide, distuibs the 
equilibrium and permits the decomposition of 
fuithei quantities of socbuni carbonate This 
hypothesis appears to be open to the ciiticism 
that it makes the extiemely rapid rate of foima- 
tion of cyanide depend on the rate of solution 
of solid carbon m solid iron , it also fads to 
make clear why the usually incit mtrogen 
bee omes so active 

The Cassel (*yamdo Co ’s experiments 
with this process wcie begun, as already stated, 
111 1909, m 1911 engineering diflicultics had 
been so far surmounted that a umt plant pio- 
ducing about 50 lbs of cyanide houily was at 
work Prom the experience thus gained a larger 
industrial unit was designed and elected, which 
was producing cyanide for some time before war 
was dedal ed in 1914 

Ic. Action of Nitrogen on Barium Carbonate 
and Carbon. 

In 1860 Marguentte and Uc Sourdeval (Eng 
Pat 1171, of 1860, Compt lend 1860,50,1100) 
discovered that a mixtuie of barium oxide and 
carbon absorbs nitrogen readdy foimmg barium 
cyanide. Ludwig Mond (Eng Pat 433 of 
1882 , J. Soc. Chem Ind 1889, 8, 505) experi- 
mented with this process in 1882. He found 
that a temperature of 1200° was required for 
the formation of cyanide, and that the reaction 
goes best about 1400°. The banura compounds 
fuse readdy at these temperatures and attack 
the fireclay retorts. To avoid this he bnquetted 
them with an excess of carbon and pitch The 
apparatus used was simdar to that of Possoz 
and Boissiere, and 40 p c. of the baiium used 
was readily cyamsed. The object 6f Mond’s 
experiments was the production of ammonia, 
and he abandoned this process in favour of the 
more promising method of acting on coal with 
air and steam in large excess {see Ammonia). 


As Mond pointed out, the reaction is endo- 
thermic 

BaCO3-|-C=BaO+2CO-101 2 Cals. 

BaO-|-3C-f N2=Ba(CN)2+CO-43 1 Cals. 

The introduction of internal electrical heaimg 
by Readman (Eng Pat 6621 of 1894) therefoio 
maiks a very considerable step in advance 
His process was worked by the Scottish Cyanides 
(Jo at Leven in Eifeshire, between the years 
1899 and 1907. Considerable quantities of 
sodium cyanide of excellent quality were pro- 
duced, but the financial results weie unfavour- 
able The following account of the process m its 
final form is believed to be substantially accuiato. 

Barium carbonate, pioduced in a later stage 
of the process, was intimately mixed with ground 
coal to a thick paste, which was dried and coked 
in ordinary gas retorts Tho granular mixture 
of barium oxide and coke so produced was then 
fed into an electric furnace, consisting of a 
vortical shaft of circular cross-section, lined with 
magnesia brides A ring of caibon blocks in 
tho wall of the shaft near its lower end foirned 
one electiode, a carbon cylindci suspended 
m the mouth of tho shaft formed the other 
Tho alternating current passed between these 
electrodes through the granular mass of coki* 
and baiium oxido, heating it to a high tempera- 
ture A cun cut of producer gas with about 
70 p c of mtiogen, passed upwards lluougb tho 
mass, which was constantly fed downwards 
into a cooling chamber by means of a plate and 
rotating arm which closed tlu' lowei end of the 
shaft, fresh material being fed in to the annular 
spaeo louiid tho upper electiode Tho cooled 
product was lixiviated with water, and tho 
resulting solution, containing baiium cyamdo, 
cyanamide, and hydi oxide, treated with sodium 
bicarbonate Aftei filteiing oft the liarium 
carbonate, the solution of sodium cyamde was 
concentrated in vacud and then passed over 
cooling cods depositing crystals of the hydrate 
NaCN, 211^0 Those were sopaiatod fiom the 
mother liqiioi in a centrifugal maeliine, and then 
dehydrated by heat and the powder biiciuetted 
The mother li([uoi, from which no further crystals 
could be obtained, was distilled with sulphuric 
acid to recover tho residue of hydrocyanic acid 

The chemistry of this process has been 
studied in some detail at temperatuie^ up to 
1150°, but little IS known of it at higher tem- 
peratures Undecomposed barium carbonate, 
as Finkelstein (Ber 1906, 39, 1585) showed, 
does not melt at 1350°, but when heated alone 
or with carbon, it is partially converted into 
barium oxide, which yields readily fusible 
mixtures with the carbonate Le Chatelior, for 
example, found that partly decomposed barium 
carbonate melts at 795°. The fusibility of tho 
mixtures is increased by the formation of 
banuni cyamdo (which melts about 600°), so 
that the material under treatment in this process 
IS a liquid phase of variable composition. 

Kuhling and Berkhold (Ber 1908, 41, 28) 
found that when a mixtuie of barium carbonate 
and carbon is heated in a current of nitrogen 
under constant conditions, a little more than 
40 p c. of tho banuin combines with nitrogen 
at 1150°, and that at lower temperatures the 
quantity combined dimimshes, reachmg zero 
at about 925°. 
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Ewan and Napier (J. Soc Chem. Ind. 1913, 
32, 407) also found that the absorption of 
nitrogen begins at 926°. They showed, how- 
ever, that it depends on the two reversible 
reactions BaCOg-j-C ^ BaO-|-2CO and 

BaO+3C+N2 ^ Ba(CN),+CO 
If carbon monoxide is allowed to accumulate, 
therefore, the change is brought to a standstill, 
if it 18 swept out with large quantities of pure 
nitrogen a considerable portion of the barium 
may be cyamsed oven at comparatively low 
temperatures Using 20 molecules of nitrogen 
to each molecule of BaO, for example, over 
40 p c of the barium combined with nitrogen in 
2 houis at 9()0°. 

The pressure of carbon monoxide in equili- 
brium with pure barium carbonate and carbon 
IS relatively largo, it falls, howovei, to very low 
values for the dilute solutions of the carbonate 
in barium oxide or cyanide. Eor this reason 
the greater part of the barium carbonate decom- 
poses before any cyanide is formed, but the 
decomposition is never complete. 

When a mixtuio of BaCO,-f-BaO-f-0 or of 
Ba((JN )2 fBaON^+C is heate<l in a mixture of 
carbon monoxide and nitrogen of definite 
composition until no further change occurs, the 
percentage of the barium in the product, which 
IS combined with nitrogen (as cyanide or cyana- 
mido), IS independent of the composition of the 
initial mixture, and depends only on the tem- 
perature and on the composition of the gas 
used The maximum quantities of barium 
which can combine with nitrogen under different 
conditions, observed m this way, are given in 
the following table . — 


Pc of CO 

P c of the b.ai uini combined with nitrogen 

ill the g.vs 

1000 ® 

1100 ° 

1150 ° 

0 

i 50 

50 

50 

10 

28 

41 

44 

20 

6 

32 

38 

30 

— 

22 

32 

40 

i — 

13 

26 

60 

' — 

4 

15 

70 

i 

— 

9 


The curves drawn through the experimental 
points appear to be straight lines converging 
towards 60 p c. conversion for puie nitrogen , 
it 18 probable, however, that this is not their 
true form at very small concentrations of 
carbon monoxide, because a product in which 
67 1 pc. of the barium had combined with 
nitrogen was obtained by continuing the heating 
for 82 hours at 1100° with nitrogen eontaming 
only 0*1 p c of (K) For practical purposes, 
the rapid increase in the quantity of carbon 
monoxide required to reverse the reaction at 
higher temperatures is important 

In addition to the two equilibria just men- 
tioned, the reaction Ba(C5N)2==BaCN2 4 E occurs 
Pure barium cyanide decomposes in this way 
even at 600°, the reaction is a slow one, which is 
accelerated by iron. The results appear to 
show that at temperatures between 600° and 
1000°, and in absence of barium oxide, the decom- 
position ceases when about two-thirds of the 


nitrogen is in the cyanamide form , m presence 
of barium oxide the change does not go so far. 
The relative quantities of cyanide and cyanamide 
produced by the action of nitrogen on mixtures 
of barium oxide and carbon are very erratic, 
anything from 0 to 70 p c. of the nitrogen fixed 
may be in the cyanamide form, the aveiage of 
36 experiments was 15 p.c. 

The equilibrium pressure of carbon monoxide 
in the reaction BaO-|-3C BaCg+CO was 
found to be 1 mm of mercury at 1200° Cyanide 
foimation theieforo proceeds freely in presence 
j of quantities of carbon monoxide, which are 
quite incompatible with the existence of barium 
carbide The suggestion that barium carbide 
IS an intermediary in this process is, therefore, 
incorrect. 

The effect of pressure was studied by Henipel 
(Ber 1890, 23, 3388) The mixture of baiium 
oxide and carbon was lioated for 15 minutes 
by the same quantity of electrical energy in a 
closed bomb ; the quantity of hydrocyanic 
acid obtained increased 16 times when the 
nitrogen pi ess lire was increased from 1 to 60 
atmospheres The improvement may have been 
due to greater reaction velocity of the more 
concentrated nitrogen or to a larger value of 
the ratio of nitrogen to carbon monoxide m the 
bomb Stabler (Ber 1916, 49, 2292), by a 
somewhat similar method, finds that with 60 
atmospheres N pressure a product containing 74 
pc of barium cyanide and no appieciable 
cpiantity of cyanamide is obtained. 

The addition of banum chloride or of potas- 
sium caibonate to the mixtuio of barium oxide 
and caibon neither reduces the minimum tempe- 
rature nor increases the speed of the reaction 

The effect of the addition of calcium and 
barium fluorides was studied by N Caro 
(Zeitsch angcw Chem. 1910, 3, 2405) at tem- 
perature,s about 1100° and 1200° Since the 
quantity of carbon monoxide m the nitrogen 
was not observed it is impossible to diaw definite 
conclusions fiom the results , it is, however, of 
interest that in the 15 experiments recorded the 
quantity of the barium which combined with 
nitrogen never exceeded one-half of that 
present. 

Very little information exists about the 
course of the reaction at higher temperatures 
From Eng Pats 2133 of 1907, and 22039 of 
1906 (BadLsche Co ), it may be gathered that 
80 p c of the barium can be combined with 
nitrogen at 1500° , and, according to Kaiser 
(Fr Pats. 454237-8 of 1913), 90-95 p c of 
the theoretical quantity of nitrogen is absorbed, 
when banum carbonate and carbon are heated 
at ‘ 900° to 1400° ’ in nitrogen and cooled in it 
under pressure It appears, therefore, that the 
inactivity of one-half of the barium, which has 
been shown to exist at temperatures below 
1200°, may disappear at considerably higher 
tempeiatures ; possibly because a different 
mechamsm conies into play Ewan and Napier 
{I c ), by applying NernsFs thermodynamic 
theorem to their measurement of the equilibrium 
pressure {p^Q m mm. of mercury) of the reaction 

BaO-f-3C BaCa+CO, showed that, at abso- 
lute temperature T 

logio?>co=-*®f” + »-70 log,„T+6-48 
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from which the value of mm. at 1500* 

and 1026 mm at 1700 \ M Kahn(Compt rend. 
1907^ 144, 913) found that barium carbide is 
formed from barium oxide and carbon heated 
in a well- closed crucible at the melting point of 
platinum (1760'^) , the equilibrium pressure at 
1760° IS, therefore, gi eater than I atmosphere, 
in approximate agreement with the calculated 
value It is therefore possible that banum 
carbide is an intermediate product at high 
temperatures. 

Action of Nitrogen on the Carbides of Metals, 

F. R Hug has (Report of Junes, Exhib of 
1851, 1, 95) auggastod that the linst stage of 
the reaction between potassium carbonate and 
carbon might lead to the formation of potassium 
carbide, and that this might combine directly 
with nitrogen Potassium carbide is actually 
formed in this way, E Davy (Brit Ass. Repoit, 
1836, 11 . 62), having discovered acetylene by 
treating with water, the black product of an 
unsuccessful attempt to prepare potassium 
Berthelot (Compt rend 1868, 67, 1141) was led 
to suggest the same mechanism by the analogy 
with his synthesis of hydrocyamc acid from 
acetylene and nitrogen Ho also showed that 
the products of tlie action of potassium on 
potassium carbonate or on carbon monoxide 
contain potassium acetylide The action of 
nitrogen on the alkali metal carbides has not 
been investigated in detail Frank and Caro 
(Eng Pat 15066 of 1895) mention that they 
combine at a ‘ dark red heat ’ foiming cyamdes 

The absorption of nitrogen by the carbides 
of calcium, strontium, and barium has been 
much more completely studied. Moissan (Compt. 
rend 1894, 118, 503, and 684) found that pure, 
dry nitrogen did not react with the pure carbides 
even at 1200°, although the product obtained 
from barium carbide yielded a littk' ammonia 
when boiled with water In 1895 Fiank and 
Caro (Eng. Pat 150()6 of 1895), and T L 
Willson (Eng Pat 21997 of 1895), duscovered 
independently that the impure carbides absorb 
nitrogen According to Frank and Caro, moist 
nitrogen is necessary when the pure carbides 
are used, but not with impure substances , they 
also found that barium carbide yields the corre- 
sponding cyanide, but obtained an ‘ unsatis- 
factory result ’ with calcium carbide unless it 
was mixed with barium or sodium carbide 
Willson proposed to treat the carbides with 
nitrogen either dunng their formation in the 
electric furnace, or subsequently m a separate 
operation Ho also apiiears to have found 
difficulty with calcium carbide, and says that 
a cyanide or some more complicated nitrogen 
compound is formed The fact that a large 
part of the combined nitrogen is m the form of 
a cyanamide salt was discovered by F Rothe, 
working under Frank’s direction, in 1898(Zeitsch 
angew Chem 1003, 658), and was published in 
Frank and Caro’s Eng. Pat. 25476 of 1 898. 

Frank and Caro at first attempted to apply 
their discovery to the manufacture of cyamdes. 

Finely ground banum carbide, made in the 
electric furnace, was heated at about 700° in 
presence of pure nitrogen. The product con- 
tained about 11 p.c of nitrogen, 30 p.c of whioh 
was in the form of barium cyanide, the remainder 


being barium cyanamide. In order to convert 
the cyanamide into cyanide, the material was 
heated with dry sodium carbonate and carbon. 
The sodium carbonate may convert the 
barium cyanamide into the sodium salt, which 
then takes up carbon in the way discovered by 
Draschel, 

BaCN^ -f Na.CO, ^Na.CN^ + BaCOg 
and Na,CN 2 H-C= 2 NaCN 

By extracting the product with water, 
converting the sochum cyanide into ferro- 
oyanide, and then fusing it with sodium, 
about 86 p.c. of the nitrogen fixed was 
obtained in the form of marketable sodium 
cyamde (G. Erlwein, V Int Kongress angew. 
Chem. Berlin, 1903, 1, 646) The process, how- 
ever, even in this form, did not pay, and the 
cheaper calcium carbide was therefore tried. 
Commercial calcium carbide absorbs nitrogen at 
abopt 1 100°, yielding a product containing from 
20 to 23 5 p c. of nitrogen, which is wholly in 
theform of calcium cyanamide CaC 2 4 -N 2 =Ca(JN 2 
4-C Details of the manufacture of calcium 
cyanamide are given in the article on Nitrogen, 
ATMOSPHURTO, UTILISATION OP By heating this 
product with sodium chloride, from 90 to 95 p c 
of the cyanamide is said to bo converted into 
sodium cyanide (G Erlwein, loc. cit.^ G. 
Erlwein and Frank, U S. Pat. 708333, 1902 ) 

It IS not easy to obtain such a high yield in 
the laboratory ; Kitawaki and Kusano, for 
example (J Chem Ind Tokyo, 1917, 20, 234), 
state that wlien 10 parts of calcium cyanamide 
(18 6 p c N) are heated with 16 to 24 parts of 
salt, and 2 parts of charcoal for 10 minutes at 
900°- 950°, and the fused product cooled in 
absence of oxygon, it contains more than 70 p.c. 
of the theoretical quantity of cyanide 

Large-scale experiments were carried on m 
Germany with but little success ; a description 
of these, up to 1914, has been published by 
W. S Landis (Chem. Met Eng. 1920, 22, 265) 
In the latest modification, from 2 to 3 parts of 
salt were fused separately, and 1 part of calcium 
cyanamide added gradually in order to control 
frothing. The highest tompeiature used was 
960°, and from 40 to 75 p c of the nitrogen was 
obtained in the form of cyanide 

In 1916 the process was installed at Niagara. 
It was soon found that the troublesome evolution 
of gas was almost suppressed by the addition of 
a little calcium carbide, and that much better 
results were obtained by raising the tmnperature 
to 1200°-1400° (H. P. Eastman, US Pat. 
1282395, 1918), and also that the cyanide dis- 
appears when the fused product is allowed to 
cool slowly, the revemion apparently occurnng 
between 400° and 700° (H. Freeman, U S Pat. 
1282405, 1918) In 1919 the process was, there- 
fore, carried out by feeding a mixture of calcium 
cyanamide (1 part), salt (about 0*8 part), and 
calcium carbide (0 05 to 0 1 part) into a single 
phase electric furnace of the arc-resistance type 
with conducting hearth and a single suspended 
electrode. The furnace treats about 30 tons 
daily. The mixture fuses, and is run oflP almost 
continuously into a pan m which a water-cooled 
drum rotated, taking up a thin layer of the fused^ 
material which solidifies and is scraped off in* 
thin flakes which contain cyamde (possibly the 
calcium salt) equivalent to 36 p.c. NaCN. The 
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efficiency on the nitrogen is about 90 p c. The 
equivalent of 975 tons of sodium cyanide was 
made m 1917, 1050 tons in 1918, and 1250 tons 
in 1919. The chemistry of this process is still 
incompletely known , Landis states that 
cyanide is formed even when little or no salt is 
used, which suggests that the principal change is 
represented by the reversible reaction 

CaONi,+C^Ca(CN), 

The initial frothing may be due to the decom- 
position of sodium cyanamide 

2Na0N, == 2NaCN + N, + 2Na 

the graphitic carbon present not being suOi- 
ciently active at lower temperatures to convert 
it quickly into cyanide ; the addition of calcium 
carbide is supposed to supply the necessary 
active carbon. 

2b Action of nitrogen on acetylene 

In 1863 licrthclot had shown (Ann Chim Phys 
1863, (3J 67, 52) that acetylene is formed in the 
electric aic between carbon electrodes in an 
atmospheio of hydrogen, and also that hydro- 
carbons in geneial yield ac etylene when induction 
sparks pass through their vajiours The careful 
measurements of Bone and Jerdan (C3icm Soc. 
Trans 1901, 1042) indicate that, when equili- 
brium IS established in the gas surrounding a 
carbon arc burning in hydrogen or hydrocarbon 
vapour, it contains 90-91 pc IP, 7 8 pc 
OjH^, 1 25 p c CH4 and 0 75 p c ('Jig, no other 
hydrocarbons being present 

In 1868 Berthelot(Compt lend 18()8,67, 1 141) 
discovered that acetylene and nitrogen combine, 
under the influence of strong induction spaiks, 
to form hydrocyanic acid, and that the reaction 
2H(^Nis reversible Taken to- 
gether with his earlier observations on the 
formation of acetylene, this led him to the 
gon(‘r,ilisation that hycirocyanic acid must be 
formed in the carbon arc burning in mixtures 
of hydrogen and riitrogen or when sparks are 
passed through mixtures of nitrogen and hydro- 
carbons The cyanogen compound observed 
when the arc burns between caibon elc'ctrodes 
in an atmosphere of nitrogen is hydrocyanic 
acid, the hydrogen of which is denved from the 
electrodes or from water vapour A mixture 
of 10 vols CaH 14*5 vols Ng, and 75 5 vols 
IS suitable for the synthesis of hydrocyanic acid, 
since mixtures richer in acetylene deposit carbon, 
Dewar (Proc Roy Soc 1879, 29, 188, and 1880, 
30, 85) confirmed Berthelot’s observations on 
the formation of hydrocyanic acid m the arc, 
and also showed that it is formed when a mixtuie 
of hydrogen and nitrogen is passed through a 
carbon tube heated externally by an electric 
arc The minute traces of hydrocyanic acid 
found m the slightly luminous flame of a Bunsen 
burner (Liidekmg, Annalen, 1888, 247, 122) are 
doubtless due to this reaction 

Subsequent investigations add little to the 
information given by Berthelot , Hoyermann 
(Chem. Zoit 1902, 26, 70) passed a mixture 
of nitrogen (2 vols.) and acetylene (1 vol ) into 
the arc through tubular carbon electrodes and 
found that 60 to 70 p c • of the acetylene wa,s 
converted into hydrocyanic acid. Gruszkiewicz 
(Zeitsch. Elektrochem. 1903, 9, 83) found that 


a mixture of carbon monoxide (2 vols ) hydrogen 
(1 vol ) and nitrogen (I vol ) yielded small 
quantities of hydrocyanic acid when exposed 
to induction sparks between platinum points 
Lipinsky (Zeitsch Elektrochem 1911, 17, 761) 
passed mixtures of methane, nitrogen and hydro- 
gen through a 2200 volt alteinatmg current arc 
between platinum electrodes. No carbon was 
deposited from a mixture containing CH4 (20 
pc), H 2 (10 pc), and N2 (70 pc) Under 
the best conditions about 1 75 gram of hydro- 
cyanic acid was produced pei kilowatt hour. 
It 18 instriu'tivc to compare this, with the 
50 grams of mtiic acid per kilowatt hour 
which Raleigh obtained, in apparatus of com- 
parable dimensions, from mixtuies of oxygen 
and nitrogen 

E Bnner and A Bacifuss (Hclv (3iim 
Acta 1919, 2, 663) have obtamecl as much as 
7 39 grams HON per kilowatt hour by circulating 
8-10 litres per hour of a mixture of 1 part 
methane and 5 jiaits nitrogen through an arc at 
505 volts between platinum electiodes 12 mm. 
apart. 

According to H Philipp (Chem. Met. Eng. 
1920, 22, 213), Lipmski’s process was tiled on a 
eommeiiial scale in 1914 at Noiihausen, and a 
yield of 30 giams of HON jier kilowatt hour 
attained. 

Hatton and Smith (Eng Pat 23835 of 100(), 
and Trans Amcr Electrochem. Soc 13, 359, 
1908) showed that the temperature of the arc is 
not necessary, hydiocyanic acid being formed 
when a carbon rod is heated in a mixture of 
hydrogen and nitrogen to 1700° , and H v 
Wartenberg (Zeitsch anorg Chem 52, 299, 
1907) carried out quantitative measurements 
with the following results (using a mixture of 
equal volumes of hydrogen and nitrogen) — 


Temperature 

1635° 

1752° 

1875° 


P c IICN ill the gas 
ill eqiiilibiium 
1-95 

3 10 

4 70 


Wallis (Annalen, 1906, 345, 353), by passing the 
same mixture through the electric arc at varying 
rates obtained a maximum of 33 5 ]> c of HCN m 
the gas The estimated temperatuie of the aic 
is about 3250° 

Cyanides from nitrides. At high tempera- 
tures, nitrogen combines directly with several 
elements to form nitrides, and these, when fused 
with sodium carbonate and carbon, produce 
sodium cyanide This has been shown to be 
the case with the nitrides of boron, calcium, 
magnesium, titanium, silicon, and aluminium, 
and with phospham PNH^ Since none of 
these processes has emerged as yet fioni the 
experimental stage, it is sufficient to mention 
the possibility of producing cyanides m this 
way 

Hydrocyanic acid. Prussic acid (Ger Blau- 
saure) H('N 

This substance was discovered by Scheele in 
1782 ((fliemical Essays, London, 1786; repnnted 
1901) He observed that Lixwium sanguinis 
loses its power of formmg Prussian blue when it 
IS exposed to the air, and traced this effect to 
the atmosphenc carbon dioxide Other acids 
also produced it, and the blue-forming principle 
was found in the vapour given off. By distilling 
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tho hxwmm with sulphuric acid, he obtained 
an aqueous solution of hydrocyanic acid. A 
more convenient method of preparation was to 
heat potassium fcrrocyanide with dilute sul- 
phiinc acid In doing this, he obtamed a blue 
residue (oxidised Everitt’s salt or Williamson’s 
blue) Fmally, he prepared mercuric cyanide 
by boihng Piussian blue with mei curie oxide; 
by treating this with iron and sulphuric acid, he 
decomposed it into mcrcuiy and hydrocyanic 
acid, which ho distilled off In 1783, Scheelc 
found that hydrocyanic acid is inflammable, its 
combustion yielding caibon dioxide Ho also 
proved that it contains nitrogen by synthesising 
it from ammonia Equal parts of charcoal and 
potassium carbonate weie heated to redness, 
but not sufficiently to melt the potash, in a 
crucible and then some ammonium chloride 
stirred in (foi 2 minutes only) , the mass 
was then tin own into watoi and a solution 
obtained which gave ‘ a great (juantity of 
Jhussian blue,’ whereas a similar experiment 
without the sal-ammoniac yielded a very small 
quantity. 

Tho exact quantitative composition of 
prussic acid was ascertained by (iay-Lussac 
(Annales dePhimie, 1815, 95, 156) He showed 
that it IS similar in constitution to hydro- 
chloric and hydriodic acids, the hydrogen 
being united with a compound radical, CN, 
which he called ‘ cymmyc/ic,’ which plays 
the part of an clement m so far as it passes 
through many tiansfoimations unchanged 

Compounds of hydiocyamc acid aie widely 
distributed m natiiio in plants The acid does 
not exist as such in tlie living plants, but is 
liberated after their death by the hydrolytic 
action of an enzyme on a glucoside, both of 
which aie contained in the living cells , the 
glucoside may also be split up by boibng with 
diluti' acids Rarely a glucoside is found with- 
out an accompanying enzyme, as in the leaves 
of tho common elder {^amhuciis nujn) The 
chemistry of the cyanogenetic glucosides is 
doscribed under Glucosides. Veiy different 
quantifiers of hydiocyamc acid are obtained 
from different parts of the same plant, the 
quantity also depends on the age of the plant 
(it IS usually greatest in the young plants) and 
on the conditions of growth such as climate 
and rainfall , the use of nitrogenous fertilisers 
has been found to increase the quantity of 
hydrocyanic ai id present Plants raiely yield 
as much as one oi two tenths of 1 p c of their 
weight of hydrocyanic acid , for example 
great millet {Sorghum milgme) 0 013 to 0 044 
p c in young plants, an exceptional North 
American sample gave 0 1 14 pc ; wild cherry 
{Prunius jHidus) 0 03 p c , cherry laurel {Primus 
lauroceremts) up to 0 2 p c in young leaves , 
cassava, sweet, 0 016 p c in the leaves, 0 043 
p c , 111 the peel of tho stem, 0 005 p c in the 
edible part of the root, the coi responding parte 
of the bitter variety contained 0 041 pc,0113 
c , and 0 063 p c respectively , Rangoon 
cans {Pfiaseolus lunalus)^ 0 025 p c ; linseed, 
0 02 to 0 038 p c ; Nandina domesiica, 0 07 
to 0*147 p c , bitter almonds 0 12 k) 0*18 p c 
Ccises of cattle poisoning are not infrequent in 
hot countries where sorghum is used as fodder, 
and linseed meal and white clover are also 
sometimes poisonous. The enzymes are de- 


stroyed and the cyanogenetic glucosides rendered 
harmless by thorough boiling with water. 

Minute traces of hydrocyanic acid have been 
observed in the products of incomplete combus- 
tion, for example, in the luminous flame of a 
Bunsen burner, m boiler flue gases, and m 
tobacco smoke 

Preparation of Hydrocyanic Acid — Hydro- 
cyanic acid was formerly prepared by distilling 
potassium forrocyamde with dilute sulphuric 
acid A more convenient method, however, 
IS to run a solution of sodium cyanide 
(07 to 98 p c NaCN) in from 2-2J times its 
weight of water into hot sulphuric acid of 75 p c. 
strength , about 1 J mols of sulphuric acid to 
2 mols sodium cyanide is sufficient and the 
cyanide solution is preferably allowed to enter 
the acid a little below its surface, so as to avoid 
contact of the alkaline cyanide solution with 
h^^drocyanic acid vapour. 

The vapour may be dried by calcium chloride, 
kept at a temperature of about 30° and then 
condensed in a Vessel cooled by ice, although 
the greater part of it is quite readily liquefied 
in an ordinary Liebig’s condenser cooled by cold 
water. It may be purified from traces of water 
and ammonia by distillation over phosphorus 
pentoxido (Nef, Annalen, 1895, 287, 266) 

Hydrocyanic acid is formed m many different 
ways , the synthivsis from free nitrogen and 
acetylene has already been mentioned 
'Phe oxidatioyi of organic compounds by nitric 
acid often yields hycirocyanic acid in greater or 
smaller amount, and it has been proposed to 
manufacture hydrocyanic acid in this way 
Tho interesting reaction desciibed by Hunting- 
don (Eng Pat 14855, 1895) may be mentioned 
j here A mixture of acetylene and mtnc oxide 
IS readily exploded by a spark, yielding very 
considerable quantities of hydrocyanic acid in 
accordance with tho equation 

2NO+2C^H,=2HCN+2C() f H, 

When ammonium formate is dLStilled, water 
is first given off together with a little ammonia 
and formic acid , at 180° foimamide begins to 
distil over, and, as the tempeiature gradually 
rises to 220°, this is accompanied by increasing 
quantities of carbon monoxide, but only traces 
of hydrocyanic acid are produced In order to 
obtain a good yield of hydrocyanic acid, the 
vapour must be heated to much higher tempera- 
tures, and the result is gieatly influenced by 
the nature of the substance with which it is m 
contact According to unpublished experiments 
by the writer, the prmcipal changes which occur 
are — 

H C00NH4=HC0*NH2+H,0 (1) 

H COONH^-NHa + HCOOH 

=NH3+H20-f CO (2) 

HCO NHa=HCN+H20 
H20+C0=C02+H2 

The ammonia and hydrocyanic acid m the pro- 
duct usually accounted for more than 96 p.o. of 
tho nitrogen m the ammomum formate or 
formamide used. Under similar conditions, tho 
yield of hydrocyanic acid obtained from forma- 
I mide IS much greater than that obtained from 
ammonium formate. «Por each contact sub- 
stance there is a certain temperature at which 
I the yield is a maximum. The following table 
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contains the best temperatures and correspond- 
ing yields for several contact substances ; — 



Ammonium formate | 

Formamide 

Contact. 

substance 

Yield of 
HCN p c. of 
theoretical 

Tempeiature 

Yield of 
HCN p c of 
theoretical 

1 

OJ 

a 

(U 

H 

Porcelain 

chips 

Copper gauze 

41*5 

700“ 

75 

800° 

43 0 

just below 500° 

78 

600° 

Iron wire 

39 0 

just below 500° 

— 

— 

Charcoal 

21 0 

420° 

55 

400° 


With finely divided nickel, no hydrocyanic 
acid was obtained in any circumstances ; at 
273°, 92 J pc. of the nitrogen was lecovered as 
aminoma, but much loss at higher temperatures 

Formaldoxime CHg N OH, an isoraorido of 
formamide, obtained by the interaction of 
formaldehyde and hydioxylamme, decomposes 
very readily when 'heated alone or with phos- 
phorus pentoxide into water and hydrocyanic 
acid (Dunstan and Bossi, Chem. Soc. Tians 
1898, 353). 

Ammonia and carbon monoxide were said to 
yield hydrocyanic when passed over heated 
spongy platinum (Kuhlmann, Annalen, 1841, 
38, 62), CO-j-NHa—HCN+HaO, and this ap- 
parently simple reac'tion has attracted several 
inventors A careful investigation by Jackson 
and Laurie (Chem. Soc. Trans. 1905, 87, 433) has 
shown that a dry mixture of the two gases, 
when sparked, tieated by the sdent discnargc 
or heated m presence of platinum (an electrically 
heated spiral of platinum wire gives the best 
result) yields ammonium cyanate thus : 

CO -h 2NH3 -NH^CNO + H2 
and Kuhlmann’s reaction docs not take place. 
The reverse change, HCN-|-H20=C0~hNH3, 
however, does occur very readily, oven at 200°, 
when a mixture of steam and hydrocyanic acid 
IS passed over broken brick as contact material, 
and at 600° it is practically quantitative With 
iron oxide as contact substance, the conversion 
into ammoma is complete at 285°, and with 
Weldon mud at 200° (Carpenter and Linder, J 
Soc. Chem. Ind. 1905, 63). 

Cyanogen and hydrogen combine, formmg 
hydrocyanic acid when a mixture of them is 
heated at 600°-550° (Beithelot, Ann. Chim. 
Phys. 1879, [5] 18, 380). 

Properties of Hydrocyanic Acid . — A colourless 
liquid possessing a characteristic smell (or rather 
taste), which produces a choking sensation m the 
larynx. It is one of the most poisonous sub- 
stances known, the fatal dose for a full-grown 
man being about 0 06 gram of the acid or 0*16 
gram of potassium cyanide. It may be absorbed 
through all parts of the body, even through the 
skin, and its action is very rapid, largo doses 
causing death almost instantaneously. Air m 
which the smell of hydrocyamc acid is distinctly 
perceptible may be breathed constantly with- 
out iU effects. Experiments with cats showed 
that 3 to 4 volumes of the acid per 100,000 
volumes of air could be borne, but 6 volumes 
VoL II.— T. 


produced symptoms of poisoning In industrial 
cases of hydrocyamc acid poisoning the pei-sons 
affected were usually working m confined spaces, 
for example, cleamng or repairing apparatus 
which had contained cyamdes. rcmovmg 
damaged cargo from the holds of ships, or work- 
ing in insufficiently ventilated buildings wheie 
cyamdo solutions were used ; m all these cases 
hydrocyamc acid is generated from alkali cyamdo 
solutions partly by hydrolysis and partly by 
the action of carbon dioxide. 

The first symptoms of poisoning arc giddi- 
ness and darkness of the visual lield (these 
symptoms disappear after a few minutes cx- 
posuie to fresh air), they are followed by un- 
consciousness accompamed by muscular ciamps 
and more or less complete cessation of lespiia- 
tion; the heart still actmg, however, arti final 
respiration with oxygen may be successful at 
this stage. When a cyanide has been swallowed, 
hydrocyanic acid is hbciated by the acids of the 
stomach. The simplest and most effective 
antidote is pieparcd by mixing solutions of 
ferrous sulphate and sodium carbonate (suitable 
quantities are 50 c c l ac h of solutions containing 
150 grams of Fe804,7H2() and 57 grams of 
NagCOa per litie) Stimulants, such as ammonia, 
are also helpful 'I’he wiitei has seen a dog, 
which had swallowed some potassium cyanide, 
and was already partially paialysed m its hind 
quarteis, lecover in a few seconds when dosed 
with the above mixtuie which had been made 
up hastily from feiious ammonium sulphate. 
Subcutaneous injection of hydrogen peroxide, 
which converts hydrocyanic acid into oxamide, 
has also been recommended 

The action of hydrocyamc acid appears to 
consist partly of a diiect effect on the nerve 
ceiities and paitly of an inhibitory action on 
the enzyme of the led blood corpuscles, which 
brings about the tiansfercnce of oxygen fiom 
oxy haemoglobin to the oxidisable substames 
m tho body , the venous blood theiefoic becomes 
artoiial, and death is due paitly to a kind 
of internal suffocation Schonbem (J pr. 
Ohem 1868, 105, 202) showed that h;ydio- 
cyanic acid inhibits the catalytic decomposition 
of hydrogen peroxide by plant fci meats, and 
I also by the icd blood corpuscles, and suggested 
that its poisonous proper ties might bo due to 
tho inhibition of tho oxidising power of the 
blood. Bredig and von Beriieck (Zeitsch ph^s. 
Chem 1899, 31, 329) showed that hydrocyanic 
acid has the same effect on the inorganic ferment, 
colloidal platinum The feiments leiover their 
activity when the hydrocyanic acid is lemoved. 
This property has been applied in the pie^ei\a- 
tion of fruit 

The sp gr of the Uquid acid is 0 7058 at 7° 
and 0 6969 at 18° (Gay Lussac) Freezing-point, 
— 10° to —12° (Nef ). The freezmg-point is 
raised by pressure; it is —2 88° under 600 kilos 
per sq. cm and -{-50 1° under 4000 kilos per sq. 
cm. pressure (Tamman) Tho boilmg-jiomt at 
atmospheric pressure is 25° (Nef ) The heat of 
evaporation is exceptionally large, 210 7 Cals, 
per gram. Heat of formation of the liquid acid 
from the .elements (amorphous carbon) —21 8 
Cals, per mol. (Thomsen), diamond —24 8 Cals. 
(Berthelot). Heat of solution, liquid acid in 
water, 0*4 Cal. per mol. The dielectric constant 
of hydrocyanic acid, 96, is the largest known, 

2 H 
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with the exception of that of hydrogen pcioxide I molecular weight, in benzene solution, corre- 
(Schlundt). The acid is miscible in all pro- spending with (HCNOjg. 

portions with water, alcohol, ether and many The aej^ueous acid also becomes bio^^n 
other substances ; it is almost insoluble in light rapidly m presence of alkali cyamdes and 
petroleum. It is an excellent solvent for many deposits a efark brown amorphous substance, 
solid substances , among the inorganic salts the azulmin or azulmic acid, which contains caibon, 
iodides are usually readily soluble. The solu- oxygen, nitrogen, and hydi’ogcn m vaiiable 
tions are good conductore of electricity, the con- proportions ^J’he discolouration of solid alkali 
ductivity of solutions of potassium iodide, for cyanide, when exposed to the air, is due to the 
example, ls about 3 .J times gieatei than that of hydrocyanic acid liberated at its surface undor- 
tho corresponding aqueous solutions gt^mg this change 

Hydrocyanic acid is one of the weakest The only useful apphcalton of hydrocyanic 
acids; its dissociation constant in aqueous as an insecticide, was developed at the 

Folution at 18®, 13x10"®, is 44 times smallei Agiicultural Kxpenment Station of t^e Uni- 
than that of sulphuretted hydrogen, and 230 versity of California, largely by the labours of 
times smaller than that of carbonic acid (Walker D W Coquillett and H J) Bishop (California 


and Cormack, Chom Soc Trans 77, 16, 1900) 
In a 0 lA^-solution, only 0 011 pc. of the acid 
IS dissociated into its ions, consequently it does 
not behave as an acid to mdicatois, and its 
salts are more or less completely decomposed 
by water ; thus for example, 

KCN+H,0 KOH+HCN 

In 0 1 A'-solutions of the sodium oi potassium 
salts, 1 1 p c is dissociated in thi^ way , m iV- 
solutions, only 0 3 p c at 24 2® (Shields, Zeitsch 
physikal. ('hem 12, 167, 1893) In solutions 
of puie sodium cyanide, containing no caustic 
soda, the h\drolysis is gicatei than that found 
by Shields. It may be calculated from the 
equilibrium constant'K— [Ha01IJ[HCN |[NaCN j, 
the bracketed quantities representing concen- 
trations of the substances in giam mols pei 
litre The values of K X 10* aie . at 0®, 0 135 , 
at 5®, 0 15 , at 10®, 0 16 ; at 15®, 0 20 , at 20®, 
0 27 , at 25®, 0 484 ; and at 30®, 0 72 (F l\ 
Worley and V R Browne, Chem Soc 
Trans 1917, 1057) This is of importance 
when it is required to concentrate an 
aqueous solution of a cyanide , the free hydio- 
oyanic acid escapes until sufficient excess of the 
base has accumulated to reduce tJie hydrolysis 
to negligible pioportions In the case of weakei 
bases, the result is a consideiable loss of hydio- 
cyanic acid ; with c alcium cyainde, for examph', 
the quantity of lime formed ls tjreater than can 
be retained in solution, consequently equilibiiurn 
IS never attained, and when such a solution is 
evaporated, the whole of the hydrocyanic acid 
escapes, leaving a residue of pure lime 

A large part (sometimes one-half) of the j 
cyanide used in gold extracting is lost by the 
evaporation from the solutions of hydrocyanic I 
acid set free by hydiolysis (H A White, J | 
Chem Met and Mm Soc. S. Africa, 1915, 
16, 24) 

Pure hydrocyanic acid, distilled over phos 
phorus pentoxide, can be preserved without 
change for considerable periods at the ordinary 
temperature ; when heated to 190® or at the 
orchnary temperature in presence of alkaline 
impunties, such as ammonium or potassium 
cyanide, it changes into a solid, black i lass from 
which a ter- molecular polymer, probably the 
mtrilo of ammo malonic acid, NHg CH(CN) 2 , 
can be separated Under imperfectly known 
conditions, the anhydrous acid (jometimes 
explodes. G Salomone (Gazz. chim. ital 
1912, 42, 1 617) isolated, from the products of 
on explosion, colourless crystals of a substance 
having the composition of cyanic acid and a 


Station Thill. 122) 9’hey found that foliage is 
much less liable to mjiiiy at night than m sun- 
light , the hydrocyanic acid vapour is applied 
by electing a tent ovei the trees and genciating 
the acid inside of it The safe concentiation of 
hydrocyanic acid depends on the kind of tiee 
and on the time of year In greenhouses less 
than 2 giams of liydiocyamc acid per 1900 cb. ft. 
of air space is said to kill green aphis, but as 
much as 39 grams may be needed for mealy bug 
or red spider Most plants aio unaffected even 
by the laigcr quantity Since about 1918 
98 p.c hydrocyanic acid has been placed on the 
maiket for the fumigation of orange trees; 
formerly the acid was always generated on the 
spot, from sodium cyanide and sul])hunc acid 
The const ilu I ion of hydiocyamc acid has been 
the subject of much discussion arising largely 
from the observation that the leaction of 
potassium cyanide with an cstei yields a nitiile, 
R-CjN, as pimcqial pioduct, wheieas silver 
cyanide yields a carbylamme, R— N On 
the hypothesis that the salts aie formed by the 
substitution of an atom of metal for an atom cd 
hydrogen without change of position, and that 
the alkyl denvatives arc foimed similarly, it is 
of course necessaiy to suppose that the hydrogen 
m hydrocyanic acid may be united either with 
carbon or with nitrogen The cyanides are, 
however, m all piobability more complex 
substances ; silver cyanide, from its mode of 
j formation, is juobably silver dicyano aigentaate, 

I AgfAg((_-N) 2 ], and the leaction with methyl 
I iodide IS similar to that of silver feiiocyamde 
(described above) leading to the well- crystallised 

substance which, like the corie- 

sponding ferrocyamde, splits off methyl caibyl- 
amino when heated or when acted on by a 
solution of potassium cyanide {see, for example, 
H. Guillemaid, Ann. "Chim Phys 1998, fsj 
14, 311) 

The properties of hydrocyanic acid itself, how- 
ever, leave little doubt that it is formonitrilc ; the 
isomeric substance H'N.C, has not been isolated. 
Like the mtriles, hydrocyamc acid is hardly 
affected by dilute mineral acids (it is frequently 
separated quantitatively by distilling acid 
solutions) , the caibylamines are violently 
decomposed Anhydrous hydiocyamc acid and 
the mtiiles do not dissolve silver cyanide, whilst 
the carbylamines dissolve it very readily In 
its high dielectnc constant, solvent and dis- 
sociatmg powers and physiological action hydro- 
cyanic acid also resembles the mtriles rather 



CYANIDES 


467 


than the carbylamines (Wade, Chem. Soc, 

Trans. 1902, 1613). 

The Principal Cyanides. 

Potassium cyanide KCN crystallises m 
anhydrous, colourless octahedra from aqueous 
solutions, or in cubes when the fused salt solidi 
fies ; sp gr. 1 52 It melts at a dull red heat, 
and voUtihses without decomposition at high 
temperatures It is readily soluble m water , 
the saturated solution contains 122 2 grams of 
KCN to 100 grams of water at its boiling-point 
(103 3°). At 19*5°, 100 grams of absolute 
alcohol dissolve 0 88 gram, 100 gr methylalcohol 
dissolve 4*91 grams (Landolt, Boinstem and 
Meyerhoffer, Tabellen, Berlin, 1905). ft is 
moderately soluble m anhydrous ammonia at 
—38° (Fiankhn and Kraus, Amer. Chem. J 
1898, 20, 820) It deliquesces in moist air 

Sodium cyanide NaCN crystallises from the 
fused liquid in apparently cubic crystals , from 
aqueous solutions below 35° large (oloiirlcss 
platens of the hydrate NaCN,2H^O are deposited 
Joannis (Ann Chini Phys. 1882, [5] 26, 484) 
obtained a hv^diate Nat/Nj.^H^O from cold 
85 p c .ilcohol F Roesslcr (Eng Pat 279, 
1899) showed that the hydrate Na(-N,2H,0 
dec'omposes at 33° (34 7° according to the 
water’s measuioments) into the anhydious salt 
and a saturated solution, about 40 j) c of the 
sodium cyanide separating m the anhydious 
state The solubility of the hydrate (in grams 
of NaCN to 100 gianis of water) is, 35 4 at - 20° , 
43 4 at 0° ; 58 3 at 20° and 82 at 34 7°. The 
solubility of the anhydrous salt is almost inde- 
pendent of the temperature (82 grams per 100 
grams of water) Sodium cyamdo appears to be 
more soluble m ethyl and methyl alcohol and 
anhydrous ammonia than the pot<ussium salt 
The sp gr of aqueous solutions of sodium 
cyanide at 25° is given by the expression 
14-0 00534'p, where p is the peicentage of 
NaCN Sodium cyanide (90 p e ) melts at 540° 
The pure salt, when heated in a glass tube so as 
to bo out of contact with metals, m a cuiieiit of 
dry air free fiom carbon dioxide, lemains 
entiicly unchanged at tcmpeiaturcs up to 
370° ; if, however, it is in contact with iron or 
mckel, or if traces of the oxides of the^se metals 
are added to it, oxidation proceeds rapidly, 
cyanato and carbonate being formed and carbon 
dioxide evolved The carbonate is formed by 
the oxidation of’ the cyanate, which is the 
primary product Sodium cyanato behaves 
towards oxygen in exactly the same way as the 
cyanide , it is quite unaffected by di f air (free 
from OOg) even at 400°, but when mixed with 
1 p c. of nickel oxide it oxidises rapidly , tlius . 

2NaCNO-f3()-:Na2CO,-fCO,-f-Na 

(writer’s unpublished experiments) 

Sodium cyanide absorbs moisture with great 
avidity from ordinary moist air The writer 
has found that it takes up water from purified 
air saturated with aqueous vapour at 20° at all 
temperatures below 44°, but not at higher 
temperatures. This is of importance in sampling 
and analysing the salt 

Dilute solutions of potassium or sodium 
cyamde decompose slcAvly in contact with the 
air, the loss being due to evaporation of the 
hydrocyanic acid formed by hydrolysis, which 


permits the decomposition to pioeeed further ; 
absorption of caibon dioxido acts m the same 
direction by neutralising the caustic alkali 

Liebig's statement that metallic non is dis- 
solved by hot solutions of potassium oi sodium 
cyanide with evolution of hydrogen is true 
of the finely divided metal, but iron vessels 
may be used for years for boiling eomentiated 
solutions of cyamdes without i(‘(|uiiing rcpaii, 
and iron tanks are regulaily used in the tieat- 
ment of gold ores with cyanide solutions 

With the exception of lead and platinum, all 
oidinary metals aie dissolved by (yanide solu- 
tions m i[)iescncc of oxygen 

Zinc IS slowly dissolved without oxygen, but 
if a piece of zinc is half immcmed m a cyanide 
solution, it 18 eaten througli at the snitace of 
the li([uid before any appreciable action has 
taken place on the submciged portion 

Alkali cyanides yield ammonia and a 
form.ite when boiled with water or treated 
with slioiig sulphuric acid, in the latter ease 
the formic acid pioduced is at once decomposed 
into carbon monoxide and water 

Mercuric cyanide Bg(FN )2 was fiist prepaicd 
by Seheelc, in 1782, l>y bialmg Prussiafl blue 
with inm'cuiie oxide, and, in 1783, by dissolving 
mercuric oxide in liydiocy aine acid and evapo- 
lating to crystallisation He also found that 
meieiirouH salts, when ticated with soliibk' 
cyanides, yield men uric cyanide and metallic 
mercury ^I’lie decomposition of the feiio- 
cyanides, as alieady mentioned, depends on 
the extremely small electrolytic dissociation 
of mercuiic cyanide in aqueous solution Foi 
the same reason, it is not decomposed by caustic 
alkalis, and hydiocyamc acid can only be ex- 
pelled fiom it by boiling with a strong acid 
The concentration of tin' men my ions is, how- 
ever, sufficient to permit of the pi eeqniation of 
the extremely insoluble meicuiie sulphide by 
sulphuretted hydrogen 

Mercuric cyanide crystallises in anhydrous, 
colourless crystals of sp gr. 4 0 The saturated 
solution contains 93 grams per litre at 20°, 
111 grams per litre at 25° , 1 00 gi ams of absoluto 
alcohol dissolve 10 1 grams of it at 19 5°, and 
100 grams of absolute methyl alcohol take up 
44 2 grams at 19 5° 

Small quantities of mei curie cyanide are 
sometimes used m addition to alkali cyanide in 
the treatment of ores emitainmg silvei sulphide 
(Olennel, Cyamde Handbook, London, 1910, 
297), the (hssolution of which is accelerated, ' 
probably owing to the formation of mercuric 
sulphide : 

Hg(CN)2+Ag.S-f2KCN-HgS-i-2KAg(CN)2 

Calcium cyanide has never been prepared in 
the pure state An aqueous solution of lime in 
hydrocyanic acid decomposes completely into its 
constituents when boiled (Schecle) By evapor- 
ating such a solution in nacud, Joaiims obtained 
a crystalline compound, 3CaO Ca(CN)2,15H20* 
which decomposed completely in a vacuum, 
leaving nothing but lime Dry reactions, at high 
temperatures, yield calcium cyanamide, but no 
cyanide • 

Barium cyanide Ba((/N )2 When a concen- 
trated solution, made by adding hydrocyanic 
acid to baryta m theoretical quantities, is 
evaporated in vaciidy crystals of the hydrate 
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Ba(CN)2,2Hj,0 are deposited (A Joannis, Ann 
Chim. Pliys. [5] 26, 484, 1882). This is a very 
dehquesoent substance which, when dried in 
vacud over sulphuric acid, yields an amorphous 
monohydrate winch can be completely dehy- 
drated b}'^ heating it very gradually to 100° m 
a good vacuum. The writer has failed to obtain 
a pure product in tliLS way Some 7 or 8 p c of 
the hydrocyanic acid escapes during evaporation, 
and the product contains a corresponding quan- 
tity of barium hydroxide By drying pure 
Ba(0H)2,8H20 m a good vacuum at 10(^°, a very 
hnely divided powder of Ba(01i)2 is obtained 
which IS suspended in dry liglit petroleum and 
treated with a small oxce-ss of dry hydioeyanic 
acid also mixed with light petroleum In this 
way, the solid hydrated barium cyanide is 
obtained without evaporation : 

Ba(0H)2+2HCN=Ba(CN)2,2H20 

When dehydrated m vacud, it still contains a 
little hydroxide, but by shaking it with a little 
hydrocyanic acid and light petroleum and again 
drying, practically pure anhydious barium 
cyamde is fairly easily obtained 

By saturating a solution of baryta in methyl 
alcohol with hydrocyanic acid, a compound 
Ba(0N)(O011,) is obtained, which, 

when heated, iu'st loses methyl alcoliol and then 
methyl ether, leaving BaO f-Ba(ON)^ (i)iochsel, 
J. pr. Chem [2] 21, 77, 1880), 

Dry methods of preparation yield mixtures 
of cyamde and cyanarmde When baiium 
terrocyanide is heated it begins to decompose 
about 500°, yielding a imxtuio of barium 
cyanide and cyanamide (with carbon «ind iron) 
in which nearly 00 p c. of the nitrogen is m the 
form of cyanamide, prai tically the same product 
as that obtained by the action ot mtiogen on 
baiium carbide Even the action of cyanogen 
on barium amalgam yields a mixtuic (Drechsel), 
tlie reason being that barium cyanide decom- 
poses into barium cyanamide and carbon, thus . 
Ba((JN)2 = BaCN2 4-I^* '-I’fie change is very 
slow at 500° to 600°, but it is a( ccleratod by 
iron (Ewan and Napier, J fejoc Chem Ind 1913, 
32, 467) 

Barium cyanide is colourless , 100 giams of 
cold water dissolve about 80 grams of it ( loannis) 
It melts about 600° It is distinctly volatile, 
even at its meltmg-point, but when mixed with 
barium oxide it is much less so. 

Silver cyanide AgCN The precipitate ob- 
tained by adding exce.ss of silvci nitrate to a 
solution of a soluble cyanide is probably the 
silver salt of the complex acid H[Ag((’N)2l 
The solubility of silver cyamde m pure watci 
lies between those of the chloride and sulpho- 
cyanide, as the following table shows — 

Solubility at 25^’ in 
gram-mols per litre 

Agl 0 01 X 10- 

AgBr 0-81 X 10-« 

AgSCN l'08xl0-e 
AgON 4 40x10-6 
AgCl 14 10 X 10-6 

It 18 hardly attacked by cold dilute wtne acid, 
but is decomposed quantitatively on boilmg 
(Phmmer, Chem Soc Proc. 1903, 286) When 
dry silver cyanide is heated about one-half 
of the CN is given off in the form of 


cyanogen CgNa. Further heating in presence 
of oxygen yields a residue of metallic silver, 
which usually contains a httle carbon. It is 
slightly soluble m a solution of hydrocyamo 
acid, forming the unstable acid HAg(CN)2. It 
dissolves very readily in alkali cyanides to salts 
such as KAg(CN)2, in which the silver is con 
tamed in the complex anion Ag(CN)'2. Owing 
to the excessively small dissociation of this 
anion, all silver salts except the sulphide are 
dissolved by cyamde solutions, and m presence 
of oxygen, metallic silver and the sulphide are 
also (ussolved. 

Gold cyanides. Aurous evamde and the 
soluble aurocyamdea are of techmeal im- 
portance. The former, AuCN, a yellow cry- 
stalline powder, insoluble in water and acids, 
IS formed by the action of hydrocyamc acid 
on auric hydroxide. It ls readily soluble in 
solutions of alkali or alkaline-earth cyanides, 
yielding aurocyamdes such as KAu(ON)2. A 
solution of the potassium salt, which is used for 
electroplating with gold, is readily obtained by 
precipitating a solution of gold chloride with 
ammonia and dissolving the fulminating gold in 
a solution of potassium cyanide, or by preciju- 
tatmg gold chloride with magnesia, dissolving 
out the excass of magnesia in the piecipitate 
with nitric acid, and then dLssolving the auric 
hydroxide m potassium cyamde as befoie 

Potassium aurocyanidc is also foimcd wlien 
gold IS dissolved m a solution of potassium 
cyanide in piesence of oxygen or other oxidising 
agent : 

4KCN-h2Au+0+H20=2KAu(CN)2+2K0H 
(Clcnnel, Cyanide Handbook, 1910, 10-32 gives 
a full account of the discovery of this reaction.) 

The dissolution of metallic gold is piimanly 
due to the great stability of the aurocyanogen 
ion Au(CN)/, Metals, like all othei substances, 
have a tendency to dissolve in water. In 
contact with its aqueous solution, a salt will 
dissolve if the solution is unsaturated, or crystal- 
lise out if it IS supei-saturated Metals behave 
similaily, with the important difference that they 
dissolve in the foim of positively charged lorib, 
so that when a metal is placed in contact with a 
solution contaming fewer of its ions than coire 
spond with equilibnum, it gives out positively 
charged atoms, becoming itself negatively 
charged, until the electrical atti action stops 
further change, and vice ver,sd. In this way, 
a defimte potential diffoienco always arises 
between a motal and a solution of it, the sign 
and magnitude of which depend on the iiatuio 
of the metal and on the concentration of the 
positively charged ions of the metal in the 
solution 

In order for a metal to dissolve at all, therefore, 
it IS necessary that the solution shall contain less 
than the saturation quantity of positive ions ; 
and for tho dissolution to continue, the positive 
charges of the ions and tho negative charge of 
the metal must be got rid of m some way. 

These conditions are fulfilled m the case of 
the dissolution of gold in a cyamde solution 
contaimng oxygen, because the dissociation of 
the complex ion, Au(CN)'2 Au*'-1-2CN' is 
extremely small, and solutions of it therefore 
contain mfinitosimal quantities of gold ion, and 
further the electrical charges produced by the 
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dissolution of the gold are removed by the 
reactions : 

Au-4-2(CN)'=Au(CN)' 
and 0 -fH 20 -f 2 (--)= 20 H' 

the result of which, written in the ionic form, is 

4K-+4(CN)'+2Au*-f 0 f H 20 + 2 (-) 

=4K-4-2Au(CN)/4-20H' 

The potential difference between a metal like 
zinc (which has a greater tendency to dissolve 
than gold) and a cyamde solution is much greater 
than the natural potential difference between 
gold and the solution ; hence gold ions are drawn 
out of the solutions to the zinc, where tlieir 
positive charges are neutralised by the negative 
charge of the zinc This disturbs the equili- 
bnum between zinc and the solution and also 
between aurocyanogen ions and gold ions, 
causing fresh quantities of zinc to dissolve and 
of aurocyanogen ions to dissociate, processes 
which continue until the whole of the gold is 
precipitated. 

As W. Skey (Trans, and Proc. New Zealand 
Inst. 8, 334, 1876) first showed, gold in cyanide 
solutions IS electro-positive to silver and silver 
to mercury, so that gold will precipitate silver 
and mercury from their solutions m cyanides. 
This has been confirmed by Bodlander (Ber 1903, 
36, 3933). This reversal of the usual order is, 
as will be understood from the above explana- 
tion, duo to the increasing stability of the 
mercury, silver, and gold complex cyanogen 
ions. 

It is of interest to note that most of the 
minerals which accompany gold m its ores are 
electro-negative to gold in cyanide solutions, and 
therefore accelerate its dissolution in the way 
which is familiar in the solution of zinc in sul- 
phuric acid m presence of copper or platinum 
Barium platinocyanide Bart(CN)4 4 H 2 O is 
most readily made by electrolysing a solution 
of barium cyanide (270 grams per litre) with 
platinum electrodes and an alternating current 
(0 4 ampere per sq cm ), about 0 6 gram 
platinum is dissolved per ampere hour. After 
removing the excess of banum by COg the solu- 
tion is concentrated to crystallisation (A 
Brochet and J Petit, Bull Soc chim. 1904, [3] 
31 , 630) The salt crystallises in monoelinic 
prisms, which are yellow by transmitted, violet- 
bluo by reflected, light It dissolves in 33 parts 
of water at 16°. By recrystallisation from a 
solution containing barium cyanide it is obtained 
in small crystals which are highly fluorescent 
when exposed to X-rays, and are suitable for 
making fluorescent screens for X-ray 'iVork 

Copper cyanides. When potassium cyamdo 
is added to the solution of a cupric salt, a 
brownish precipitate of cupric cyanide Cu(CN )2 
is produced, which gradually evolves cyanogen, 
changing into green ciipne cuprous cyanide 
When heated, this loses a further quantity of 
^anogen and yields white cuprous cyanide 
CfuCN, the constitution and reactions of which 
appear to resemble those of silver cyanide 

Cuprous cyanide is soluble in solutions of 
otassiiim cyanide, about 2J molecules of K(^N 
eing required to dissolve I molecule of CuCN ; 
the solutions contain the complex anions 
Cu((!N)," and Cu(CN)V" (Kiinschert, Zeitseh. 
anorg Chem. 41, 359, 1904) These anions are 
so little dissociated into copper ions that sul- 


phuretted hydrogen will not produce a precipi- 
tate in the solutions, and therefore copper itself 
(in presence of oxygen) and all its compounds dis- 
solve readily in cyanide solutions Solutions of 
the sodium or potassium cupro- cyanides are used 
m the electro -deposition of copper on iron. 

Zinc cyanide Zn(CN )2 is a white substance, 
insoluble in water, but soluble m acids and m 
cyanide solutions. It is not easily prepared in 
a perfectly pure condition, because water de» 
composes it partially. When dry it is very 
stable, decomposing only at a bright-red heat. 

The complex salt potassium zinc cyanide 
K 2 Zn(CN )4 ciystallises in largo well-formed 
octahedra from aqueous solutions ; KK) grams 
of water at 20° dLSSolve 11 grams of it It is 
anhydrous, and may be fused at a red heat 
without decomposition. The sodium salt 
NaZn(ON) 3 , 2 JH 2 () is veiy readily soluble in 
water. The complex zme cyanogen 10 ns are 
much less stable than those containing copper, 
gold, silver, and mercury ; a small excess of an 
alkali sulphide precipitates the zinc com- 
pletely. 

Cyanogen (Ger Cyan) C 2 N 2 was dis- 
coyered by Gay-Lussac It is prepared by 
heating perfectly dry mercuric cyanide at a dull 
red heat, Hg(CN) 2 =Hg-l-C 2 N 2 A part of the 
cyanogen is always polymerised to dark-brown, 
non-yolatile paracyanogen. Paracyanogen ap- 
pears to be the stable form at ordinary tempera- 
tuies, at high temperatures it is converted into 
cyanogen The velocity of the change is very 
small at temperatures below 300°, so that 
cyanogen gas can exist m the cold without 
change 

(53^anogen itself is a gas which burns with a 
peach-blossom-coloured flame Liquid cyanogen 
boils at —20 7° under atmospheric pressure and 
freezes at —34 4° Its critical temperature and 
pressure are 128 3° and 59 6 atmos respectively 
(Cardoso and Baume, Compt rend 1910, 151, 
141). Its heat of formation from graphite and 
nitrogen is 70,000 cals, per molecule Water 
dissolves 4 95 times its volume of the gas at 0°. 
At 18° the dissolved cyanogen is hydrolysed to 
hydrocyanic and cyanic aci^, the latter yielding 
ammonia and carbon doxido so that no definite 
solubility is observed (Naumann, Zeitsch Elek- 
trochem. 16, 772, 1910) Alter some time the 
solution deposits dark brown azulmic acid and 
contains also oxalic acid and urea Cyanogen 
dissolves m caustic alkalis, yielding cyanide and 
cyanate : 2 KOH+C 2 N 2 =KCNO-f KCN+HoO. 
Silver nitrate solution has no action on it. By 
means of these two reactions, it may be separated 
from hydrocyanic acid and estimated quantita- 
tively in mixtures of the two gases (Wallis, Anna- 
len, 345, 353, 1906) Cyanogen is very poisonous. 

A knowledge of the exact conditions under 
which cyanogen can be formed from its elements 
IS of interest in the theory of several technical 
processes for the manufacture of cyanides 

Wallis loc cit has shown that the electric 
arc burning between electrodes of very pur© 
carbon in an atmosphere of nitrogen produces 
no cyanogen at all H. v. Wartenberg 
(Zeitsch sanorg. Chem 52, 299, 1907) pointed 
out, however, that a very intense cyano- 
gen spectrum is seen, and that carbon is de- 
posited at some distance from the arc. Nemst’s 
theorem indicates that very considerable 
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quantities of cyanogen should exist in equili- 
brium with carbon and nitrogen at the tempera- 
ture of the arc : 

Per cent CgNg in the gas 
Tempeiature calculated from Nernst’a theorem 
2000 *" <^‘^1 
2500° 0 9 

3000° 17 0 

3250° 45 0 

The probable explanation is that cyanogen is 
essentially unstable at low temperatures , that 
it can exist at all is due to an excessively slow 
rate of decomposition. Bcrthelot (Force des 
Matieres Explosives, Pans, 1883, 113) has 
shown that it can be detonated by mercury 
fulminate, and, when heated, its rate of de- 
composition becomeij measurable at 1200°. 
V Waitenberg supposes, therefore, that cyano- 
gen IS really formed at the high tomperatuic, but 
that it decomposes again completely before it 
can cool to temperatuies at which it can con- 
tinue to exist it IS obvious from the figures 
given above that the direct union of carbon and 
nitiogen to cyanogen can play no part in the 
formation of cyanides in processes which are 
carried out at ordinary furnace temperatures 
Cyanogen chloride PN(3 is foimcd by the 
action of cldoiiiie on mercuiic cyanide (Serullas, 
Ann Chim. Phys 1827, 35, 291), zinc cyanide 
(A Held, Bull Hoc chim 1897, 13] 17, 287), or 
aqueous hydrocyanic acid (Berthollet, 1787 ; 
A Wurtz, Annalen, 1847, 04, 307) Alkali 
cyanides are unsuitable, because, except in 
cold, very dilute solutions, tliey leact violently 
with cyano^n cJiIoride, yielding dark-brown, 
amorphous products The preparation of cyano- 
gen chloride in considerable quantities is de- 
scribed by T 8 Price and 8 J Gieen (J 8oc 
Chem Jnd 1920, 39) A 12 to 15 p c solu- 
tion of puie hydrocyanic acid is treated with 
chlorine at about 40°, the slow absorption of 
chlorine is hastened by injecting it into the 
solution of a finely divided condition through 
porous eorthenware. The cyanogen chloride 
distils off as it is formed, together with hydro- 
cyanic acid, the product containing 10-20 p c. 
of the latter It is purified by retreatment 
with chloimo, or by shaking it with zinc oxide, 
which removes hydrocyanic acid almost com- 
pletely Hydrochloric acid is removed by 
distillation over sodium bicarbonate 

Cyanogen chloride is a colourless liquid, 
which boils at 12 66°, 760 mm , and solidihes at 
—8° Its vapour pressure (mm ) is 68 3 at 
~30°; 148 2 at -20°; 270 '5 at -10°; 44M 
at0° , 681 9 at 10° ; 1001 9 at 20° ; 1427 4 at 
30° , 1988 0 at 40° , 2719 3 at 50° ; 3664*2 at 
60 ; 4873 2 at 70° (Rognault). The vapour 

attacks the eyes violently The cold, saturated 
aqueous solution contains about 6 p c (’NCI. 
The heat of formation of liquid CNCl from its 
elements is —26 9 cals, per molecule. Dry 
cyanogen chloride may be preserved indefinitely 
when pure ; in presence of hydrochlonc acid 
it polymerises to cyanunc chlondo CaNgCl-,. 
Aqueous hydrochlonc acid (stronger than about 
2N) hydroh'ses it thus • 

CNCl4-2H20=NH4Cl-fC02 
Its behaviour towards alkalis is the same as 
that of cyanogen bromide described below. 
Hydriodic acid hardly attacks it in the cold, 


and it is without action on metals, such as iron 
and copper, at ordinary temperatures. 

Cyanogen bromide CNBr. A solution con- 
taimng cyanogen bromide m addition to a 
cyamdo dissolves gold more rapidly than one 
contaimng cyanide alone (Sulman and Tccd, 
Eng Pat 18592, of 1894 , andJ Soc Chem. Ind 
1897, 961) Cyanogen bromide is therefore used 
in the treatment of a few refractory ores, the 
West Australian tellurides especially The final 
result of the reaction is expiesscd by the equa- 
tion ; 2Au-f 3KCN+BrCN=:2KAu(CN)2 + KBr 
Cyanogen bromide is formed by the action 
of bromine on a cyanide or on hydrocyanic acid. 
Owing to tlic difficulty of transporting either 
bromine or cyanogen bromide, it ls always pie- 
pared at the place where it is to be used by 
liberating bromine *fiom a mixture of a bromide 
and a suitable oxidising agent by the addition of 
sulphuric acid, and then adding a concentrated 
solution of an alkali cyanide. By the use of a 
suitable quantity of the oxidising agent, the 
whole of the bromine is utilised , with sodium 
bromatc, for example, the reaction is (C Gopner, 
Zeitsch angcw (ffiem 1901, 14, 355) ; 

2NaBr-f Na BrOg -f 3NaCN -}- 3H28O4 

=3Nd28()4-{-3Br(JN+3H20 
Cyanogen biomide is a colourless, crystalline 
substance, which melts at 52° and boils at 61° ; 
100 grams of water dissolve from 5 to 6 grams 
of it at the oidinary temperature It has ifn 
intensely irritating elfeet on tlie mucous mem- 
branes and eyes, and is said to be very poisonous 
The perfectly pure substance can bo kept 
without change, but traces of bromine (or 
hydrobromie acid) cause it to polymerise rapidly 
to cyanunc bromide, partial decomposition 
always occurnng It is very slowly decomposed 
by water: CNBr-fH^O-HCNO+HBr, the 
cyanic acid decomposing further to ammonia 
and carbon dioxide Caustic alkalis bring about 
the same change instantaneously, alkali car- 
bonates much more slowly, and bicarbonates 
have no action at all (Jyanogen bromide and 
potassium cyanide react in aqueous solution, 
yielding cyanogen ; thus ; 

(^NBr+KCN=KBr-f-C2N2 
(private communication from Mr i\ J Ellis). 
In solutions containing 0*2 to 0 8 p e of potas- 
sium cyanide and 0 1 to 0 2 p c of cyanogen 
bromide, the latter is completely decomposed m 
from 3 to 6 hours at the ordinary temperature 
In aqueous solution cyanogen bromide reacts 
with hydriodic acid and with sulphuretted 
hydrogen according to the equations * 
CNBr+211I=HCN~fHBr+J2 
and CNBr -hH2S=HCN-f-HBr -1-8 
The first reaction provides a convenient method 
for the quantitative estimation of cyanogen 
bromide. Chattaway and Wadmoro (Chem. 
Soc Trans 1902, 191) have shown that these 
reactions are characteristic of compounds in 
which the halogen atom is directly linked with 
nitrogen, and that cyanogen bromide therefore 
has the constitution C . N Br. 

Cyanamide NHg CN was first prepared by 
the action of ammonia on an ethereal solution 
of cyanogen chloride (Cloez and Cannizzaro, 
Compt rend 1851,32,62); ammonium chloride 
crystallises out and cyanamide remains when 
the ether is evaporated. The same reaction 
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oaours in aqueous solution. The formation of 
the disodium salt, NagONg, by the action of 
sodamide on carbon or on sodium cyanide has 
already been described The same substance 
13 also produced when sodamide acts on sodium 
cyanate, sodium carbonate or carbon dioxide at 
a low red heat ; it is also formed when either 
sodium cyanate or sodium cyanide is fused with 
sodium hydroxide. 

The calcium and banum salts, CaCN 2 and 
BaONg, may bo prepared from nitrogen and 
the carbides, bv heating the corresponding 
ferrocyanide or by heating the carbamates or 
cyanates to redness (l)reohsel, J pr. Chem. 
1877, [2] 16, 188 , 1880, [2] 21, 77) thus : 

Ca(0C0NH2)2-CarN2+2H20-i CO^ 
and Ca( OCN) ^ = CaCN^ + CO ^ 

Cyanamide is also obtained by the action of 
mercuric oxide on a solution of thiourea 
C8(NIl2),+ HgO^NH^CN+HgS+H^O 
Several guanidine derivatives yield cyanamide 
when boiled with water or alkalis, for example, 
nitroso guanidine decomposes thus : 

/NHo /NH2 

C-NH“ = C;N +N 2 + H 2 O 

\NH.NO 

(Thiele, Annalen, 1893, 273, 136) 

Cyanamide is easily prepared from the di- 
sddium salt by noutialising its cold, aqueous 
solution with nitric acid, and evaporating to 
dryness on the water bath in a vacuum , the diy 
residue is extracted with ether Werner (Chem 
Soc Trans 1916, 1323) do-scribes a convenient 
method of preparing it from the readily accessible 
calcium salt ; 100 grams arc mixed with 1 25 gr 
of acetic acid and 120 gr of water, the mixture 
well kneaded and left for 24 hours The friable 
mass IS then powdered and extracted with ether in 
a ^Soxhlet apparatus. Yield 94-9() p c of theory 
Cyanamide forms colourless, deliquescent 
crystals which melt at 43"-44'^ (E Colson, (diem 
Soc. Trans. 1917, 555), it is readily soluble 
in water, alcohol and ether, very sparingly 
soluble in carbon disulphide, benzene, and 
chloroform. When heated it polymerises very 
readily to dicyanodiamide, NH^ (C Nil) NH CN, 
it bolls at 140" at 19 mm , much melamine 
being left behind ; the neutral aqueous 
solution possesses considerable stability, 
but polymerisation occurs in presence of 
either acids or alkalis The process has 
been studied carefully by Morrell and 
Burgen (Chem. Soc Trans 1914, 576) and by 
Grubo and Kruger (Zeitsch phys. Chem 1914, 
86, 65), who find that m alkaline solutions the 
reaction takes place between undissociatcd 
cyanamide molecules and cyanamide 10 ns, 
H 2 CN 2 +HCN./=H 3 C 2 N 4 '. The rate of polymcri- j 
sation IS therefore a maximum when one-half 
of the cyanamide is in the ionised form, a 
condition which is practically attained when a 
quantity of a strong base (soda or lime) equiva- 
lent to one-half of the cyanamide is added, the 
salts of a weak base such as ammonia being 
largely hydrolysed, the necassary concentration 
of cyanamide ion is not readily attained, and 
weak bases, therefore, have a much smaller 
polymensing action thfi-n strong ones. 

The action of acids is more complicated, 
polymerisation and hydrol 3 ^is to urea occurring 


simultaneously. According to Carlson (Zeitsch. 
angew. ('hem 1914, 27, 724) cyanamide, treated 
with 10 to 20 p.c sulphuric acid, is conveited 
almost wholly into urea at the ordinary tempera- 
ture, whereas near the boilmg-pomt polymeri- 
sation piedominates Jn acid solutions the 
reaction is further complicated by the hydrolysis 
of the dicyanodiamide to dicyanodiamidme 
NH, (C-NH)NHCN-fH20 

-NH,(C, iNH) NH CO NH^ 
a strong base which neutralLscs the acid 

(Jyanamide is an extremely weak acid, its 
dissociation constant, for H^CN^^H -f-HCNa^ 
IS of the order 10~^^ ((Jrubc and Kruger) The 
sodium salt NallCN, ciystallLses from a solution 
of cyanamide m absolute alcohol when sodium 
ethylate is added to it, but the salt NaJ5N^ 
can only be prepared by one of the dry 
fusion methods mentioned above. 'The calcium 
salt (kCJN^ also decomposes when treated 
with water yielding a solution of Ca(HCN 2)2 
The silver salt Ag 2 CN 2 is a canary-yellow 
precipitate obtained by adding a solution of 
silver nitrate to a dilute ammoniacal solution 
of cyanamide , it is readily soluble in cold 
dilute nitric acid The lead salt PbCN 2 is an 
orange-yellow precipitate (Jyanamide, also com- 
bines with acids , a white crystalline substance 
H 2 CN 2 * 2 HC 1 is formed when dry hydrochloric 
acid is passed into a solution of cyanamide m 
dry ethei (Mulder and Smit, Ber 1874, 7, 1634). 

Cyanic acid HCNO is prepared by distilling 
cyanuiic acid (Wohler) or by warming urea 
with phosphorus pentoxidc (Weltzicn, Annalen, 
1858, 107, 219) and condensing the vapour at 
— 18° It IS a volatile liquid, the smell of which 
lesembles that of strong acetic acid It is 
extremely unstable, changing rapidly even at 
0° into the white amorphous polymeric sub- 
stance cyamelide The solution in dry ether 
IS comparatively stable The mtoiostmg re- 
lationship of cyanic acid IIC'NO, cyanuric acid 



(HCN 0 ) 3 , and cyamelide (H(^NO)ir, has been 
studied by Troost and Hautefcuille (Compt rend. 
1868, 67, 1340), van’t Hoff and van Deventer 
(Studies in Chem Dynamics, 1896) The dia 
gram represents the approximate relative posi- 
tions of the vapour pressure curves of cyanic acid 
(HCNO), cyanuric acid (HCNO) 3 , and cyamelide 
(HCNO)a;, all of which yield the same vapour. 

(The few points determined experimentally 
are indicated by small circles.) At the tnple 
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point A (150® and 60 mm.) the two solid phases 
cyamehde and cyanuric acid coexist together 
with the vapour phase. Above 160° cyanunc 
acid 18 the stable phase (vapour pressure curve 
AO), at lower temperatures cyamehde (curve fab) 
IS stable The position of the vapour pressure 
curve of cyanic acid itself (very roughly indicated 
by de) shows that cyanic acid is quite unstable 
relatively to cyamehde. If the curve de cuts 
the curve ab andAC the points of intersection 
would represent the melting-points of cyamehde 
and cyanunc acid raspectivefy. They obviously 
ho at temperatures at which those substances 
decompose. 

In aqueous solution cyanic acid is hydrolysed, 
slowly in eold dilute solutions, rapidly when 
warmed, to ammonia and carbon dioxide, 
HONO + HaO^NHg+COa. 

The formation of cyanates by the action of 
cyanogen on alkalis, by oxidation of cyanides 
by the action of alkalis on cyanogen bromide, 
and from carbon monoxide and ammonia, has 
already been described 

Ammonium cyanate NH 4 CNO is prepared 
in the form of a white snow, by mixing the 
vapours of cyanic acid and animoma well 
diluted with an indiflercnt gas. When warmed 
it IS converted into urea NH 4 ()NO— CO(NH 2)2 
The same leaction occurs m aqueous solutions, 
m which, hoM^ever, it is reversible, 3 2 pc of 
the cyanate remaining unchanged at 32^^ and 
f)5 p c. at 100' (Walker and Hambly, (3iem Soc. 
Trans 1805, 740) 

Potassium and Sodium cyanates KCNO and 
NaONO are easily prepared by grinding to- 
gether the dry cyanides and the theoretically 
necessary quantity of lead oxide, and heating 
the mixture gently until the lead is melted. 
The salt is then recrystalhsed from water or 
dilute alcohol According to Paterno and 
Pannain (Ga/z. chim ital 1904, 34, 11 152) 
when a solution of 4 to 0 mols KCN and 1 mol. 
KOH per litre is electrolysed with 4-6 volts and 
1-4 amps per sq dem af anode surface and 
the solution at the anode agitated, the cyanide 
IS oxidised almost quantitatively to cyanate. 
J JVIilbauer (Zeitsch anoig Chem 1904, 42, 
433) observed that potassium sulphocyanide, 
when heated at 300° vith lead oxide, gave 
cyanate thus : KSCN+PbO-^KCNO-j PbS 

The decomposition of the alkali cyanates at 
high temperatures and their reduction by carbon 
are described above. 

Potassium cyanate crystallises in thin trans- 
parent plates of sp gr 2 05, readily soluble in 
water, and anhydrous ammonia, insoluble ^in 
absolute alcohol, and fusible without decompo- 
sition below a red heat 

Sodium cyanate. 100 grams of water at 10° 
dissolve 10*68 grams; it fuses without decom- 
position about 500°. Lead cyanate is a crystal- 
line precipitate, which is formed when solutions 
of a soluble cyanate and of a lead salt are mixed 
The dry salt is stable, but it decomposes when 
boiled with water, yielding urea and lead 
carbonate. 

Silver cyanate is very slightly soluble in cold 
water, lOO c.c. at 12° dissolve 0 006 gram , but 
it IS much more soluble in hot water. It is 
readily soluble in aqueous ammonia, and sparingly 
soluble in cold dilute mtric acid 


Sulphocyanides or Thiocyanates. (Ger. 
Rhodanide or Schwefdcyamde.) 

At the present time sulphocyanides are ob- 
tained exclusively from the hydrocyanic acid of 
coal gas, but a modification of G^lis’ synthetic 
process was working in 1907. 

A. W Hofmann (Reports by the Juries, 
Inter Exhib of 1862, 59-63), said that at that 
time ammonium sulphocyanide obtained by 
washing the spent oxide of gasworks was only 
treated to recover its ammonia, the sulpho- 
cyanide being thrown away. In 1863 P, 
Spence (Eng. Pat 2364 of 1803 (provisional 
only)) proposed to separate the sulphocyanides 
in gas liquor (after distilling off the ammonia) 
in the form of cuprous sulphocyanide by adding 
copper and ferrous sulphates, and the idea has 
been revived in various forms since that time, 
but it does not appear to have become of any 
importance Gas liquor is really a very dilute 
solution of sulphocyanide, as the following 
figures, calculated from Linder’s analyses of 
various English gas liquors ((^hief Inspector of 
Alkali Works, 42nd Rep 1905, 35), show 

Grams per litre 
1 2 8 4 5 

HON as fcrrocyanide . 0 008 0 0 576 0 400 0 

HCN as sulphocyanide . 1 688 4 467 1 238 1 029 1 042 

nCN as hydrocyanic acid 0 680 0 0 030 0 050 0 355 

These liquors had all been stored for some 
time perfectly fresh gas liquor contains am- 
monium sulphide and cyanide By the action 
of the air, the former is oxidised to ammonium 
polysulphides, which convert the cyanide into 
sulphocyanide ; thus : 

(NH4)2S2+NH4CN=NIl4SCN + (NH4),S 

The recovery of the whole of the hydrocyanic 
acid of coal gas m the form of a concentiatcd 
solution of ammonium sulphocyanide is possible 
by applying this reaction in a suitable way 

A very large part of the gas liquor produced 
18 distilled and the gases evolved, consisting of 
ammonia, carbon dioxide, sulphuretted hydrogen, 
and a little hydrocyanic acid, p«a8scd into sul- 
phuric acid for the production of ammonium 
sulphate The unabsorbed gases, mixed with 
steam, are first cooled, which yields an aqueous 
solution of hydrocyanic acid and sulphuretted 
hydrogen, known as ‘ Devil liquor,’ which is run 
to waste. 

The cooled gases are passed usually into a 
heap of feme hydroxide, in order to absorb the 
sulphuretted hydrogen, or occasionally they are 
burned in a Claus kiln, m which, as Carpenter 
has shown, the hydrocyanic acid is converted 
by steam into ammonia 

The waste liquors from the ammonia stills 
contain relatively considerable quantities of 
calcium sulphocyanide (about 0 15 p.c SCN) 
and phenols, and are usually discharged into 
sewei*s Erankland and Silvester ( J Soc Chem. 
Ind 1907, 231), and Fowler, Ardem and Lockett 
(^6^^/ ion, 174), have published detailed accounts 
of the bacterial oxidation of these impuritieB in 
the septic tank system of sewage treatment. 
It appears that sulphocyanides are practically 
completely oxidised in the contact beds, if 
sufficient time is allowed Fowler and Holton 
(J. Soc Chem. Ind. 1911,* 180) have shown that 
92-98 pc of the impurities in the ammonia 
still effluent can be oxidised by allowing it. 
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liter dilution to one-tenth of its original strength, 
;0 trickle through a column of clinker inoculated 
rt^ith bactenal material from a contact bed of a 
lewage work ; one cubic yard of filter is required 
or 10 galls, per day of effluent. 

Synthesis of snlphocyanides from ammonia 
ind carbon disulphide — In G61is’ onginal process 
A. W Hofmann, Reports by the Junes, Inter. 
Sxhib of 1862, 59-63 ; A G^lis, Eng. Rat 1816 
)f 1860), a concentrated solution of ammonia 
ind ammonium sulphide was agitated with 
iarbon disulphide, yielding a solution of am- 
nonium sulphocarbonate 

(NH4)2S + CS2-(NH,)2CS3 
vhich was then heated to 90°-100° with potas- 
lum sulphide 

2( NII4) 2CS3 -f K ,S = 2KCNS 4- a^NH^IIS + 3H,S 
^ very large amount of sulphuretted hydrogen is 
iroduced in this way, the disposal of which would 
iccasion much tiouble and expense (Tunsburg 
,nd Tchernkiac (Eng Rat 1148 of 1878, 1.359 
>f 1879 ; 1261 of 1881) heated a 20 p c solution 
•f ammonia witJi caibon disulphide in autoclaves 
irovided with stirrers at 100° until a pressure 
if 15 atmos. was reached, which indicated the 
nd of the reaction As ( Conroy ( J 80c Ohem 
nd. 189(), 15, 8) has shown, ammonium 8ul})ho- 
yamde is formed quantitatively under these 
onditions, the large press me developed being 
ue to the formation of the volatile ammonium 
ulphide 4NH3-fC8,=NH4S(JN-f(NH4),S 

Subsequent improvements were all in the 
irection of diminishing the quantity of am- 
lonia required and rcdui'ing the pressure m the 
utoclavos The simplest and most effective 
^ay of doing this is to add lime to the charge 
4rowther and Rossiter, Eng Rat 17846 of 
893 , Brock, Hetlierington, Hurter, and 
t-aschen, Eng. Pat 21451 of 1893), the reaction 
hen tdkingplace in accordance with the equation • 

NH3+2CS24-2Ca(OH), 

=Ca(SCN),4-Ca(SH),+4H,0 

A certain excess of ammonia over the 
uantity required by the equation must be used 
1 prevent the formation of calcium sulpho- 
a-rbonate The excess of ammonia is distilled 
ff, the residual mixture treated with carbon 
loxide to remove sulphuretted hydrogen (in the 
ay used in the treatment of Leblanc alkali 
aste), and the calcium carbonate filtered off. 
he clear solution of calcium Rulphocyamde is 
isily converted into other salts 

The Principal Sulphocyanides, 

Potassium sulphocyanide KSON crystallises 
L anhydrous, stnated prisms or needles of sp gr 
9, which molt at 172 3°. It resembles salj- 
3tre in appearance and taste It is deli- 
iiescent and very soluble in water, 100 grams of 
Inch dissolve 177 2 grams at 0°, 217 grams at 
)°, and 239 grams at 25°. It is also soluble in 
ihydrous ammonia and in many organic liquids 
ho solubilities (in grams per 100 grams of 
dvent) are : 

Acetone, 20*8 at 22° ; 20 4 at 58°. 

Ethyl acetate, 0 44 at 0° ; 0 4 at 14° ; 0 2 at 
79°. 

Amyl alcohol, 0 18 at 13° ; 2 ’14 at 100°. 

Pyridine, 6*76 at 0° ; 4 97 at 58°, and 3 21 
at 116°. 


The fused salt becomes deep blue at 430° ; 
the colour is said to be due to the liberation of 
sulphur. The sulphocyanides are plant poisons. 
Frankland and Silvester found that gold-fish 
were not affected in 24 hours by quantities of 
potassium sulphocyanide up to 260 parts SON 
per 100,000 01 water, but even as little as 10 
parts of SON per 100,000 is sufficient to stop 
the multiplication of, and eventually to kill, 
Bacillus colt communis. 

Ammonium sulphocyanide NH4SCN crystal- 
lises in anliydrous, colourless leaflets of sp gr. 
I 3, which melt at 159° , 100 grams of water 
dissolve 122 grams at 0° and 162 giams at 20° , 
it IS readily soluble m alcohol When heated a 
little above its melting-point, it is partly con- 
verted into the isomeric thiourea At 220° 
decomposition takes place, ammonia, sul- 
phuretted hydrogen, and carbon disulphide being 
evolved, and guanidine sulphocyanide remaining 
behind. 

Thiocyanogen is obtained by the action of 
a solution of a halogen in an anhydrous solvent 
on a suitable thiocyanate , a dry ethereal solu- 
tion of bromine cooled to 0° and lead thiocyanate 
give good results By cooling an approximately 
N/2-solution in carbon disulphide to -—70° 
thiocyanogen is obtained in almost colourless 
crystals, melting at —3° to —2°, and decom- 
posing at the ordinary temperature In its 
chemical behaviour thiocyanogen resembles the 
halogens , it is at least as strongly electro- 
negative as iodine The molecular weight has 
not yet been determined, but the constitution 
of thiocyanogen is probably (IN — 8 — 8 — (IN 
(E 8oderback, Annalen, 1919, 419, 217) 

Analysis op Cyanides. 

The methods of analysis described here are 
those commonly employed m tiH'hnical labora- 
tories 

Detection of hydrocyanic acid — The material 
is distilled with an acid and the distillate ex- 
amined The Prussian blue test may be applied 
by evaporating the solution (after the addition 
of a little sodium hydroxide) in vacuo at tem- 
perature below 70°, to 1 c c , 0 2 c c. of 3 p c 
FeS04 and 0 05 gram KF are added, and, alter 
10 minutes, a small excess of 30 p c. HNO3. 
The blue colour is compared with that produced 
by a known quantity of KCN under similar 
conditions (A Viehoever and C O Johns, 
J Amer Chom Soc 1915, 37, 601). The 
sulphocyanide test is also characteristic ; the 
distillate containing 0 1-8 milligrams HCN is 
made alkaline with KOH, treated with 1 c c. 
ammonium polysulphide solution and evaporated 
to dryness The residue is extracted with 
acetone, which dissolves KSCN only. After 
removing the acetone by evaporation the 
aqueous solution of the residue is treated with 
2 c c. of 0 5 p.c FeCl3, and the colour matched 
by means of a standard sulphocyanide solution 
(M 0 Johnson, J Amer Chera Soc. 1916, 38, 
1230). Ferric sulphocyanide may bo extracted 
from the aqueous solution by ether ; meconic 
acid gives a similar colouration in ether, which, 
however, fs not destroyed by 10 pc. AuC^ 
(R. Lavialle and L. Varenne, J. Rharm. Chim. 
1915, 12, 74) 

Other sensitive colour tests have the dis- 
advantage that they may be produced by 
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3ub3tanco3 other than HCN. An alkaline solu* 
tion of picric acid yields a reddish- violet coloura- 
tion with NaCN, which is due to sodium iso- 
purpurate N(CN)i ONa, when excess 

of cyanide is used, but to 4mino-nitro-phonols 
when picric acid is in excess, as is usually the 
case (A. C Chapman, Analyst, 1910, 35, 469) 
The liquid to be tested is mixed with an equal 
volume of a solution containing 0 05 p c picnc 
acid and 0 5 p c Na 2003 , and digested at 40'^ 
for 1 hour. The colour is then compared with 
that produced by a standard HON solution , 

1 part of HCN m 500,000 parts water can be 
detected (A. D Waller, Proc Roy Soc. 1910, 
B 82, 574) 

The cyanogen liberated by the action of HON 
or a cupric salt oxidises many substances to 
coloured products, the tests arc highly sensitive, 
but uncertain owing to the difficulty of excluding 
other oxidising agents For details, see Thieiy 
(phenolphthalin), .1 JOiarm (dutn 1007, 25 
51 ; C Pertusi and K Oastaldi (benzidine), 
Ohom. Zeit 1913, 37, 600, O W Anderson 
(guaiacum), J Soc (diem ind 1917, 36, 195 , 
J Moir and J Gray, J Ohern Met and Mm 
Soc S Africa, 1910, 11, 152 , and J Moir, 
Chom Soc Proe 1910, 26, 115 (hydrocoerulig- 
non"', tolidine, dianisifline) 

Alkali cyaiiuhs Owing to the hygroscopic 
nature of sodium and potassium cyanides when 
cold, samples, taken from difleient paits of a 
cake, should be tiansh'ned at once and without 
touching them witli the hands to a hot iron 
mortar, liroken up coarsely, and transferred to a 
hot perfectly dry bottle If the sample has to 
be kept for any length of time before it is 
analysed, it is preferable to us<* glass -stoppered 
bottles and to grease the stopper with a little 
vaseline Errors due to absorption of moisture 
in sampling are more common and more serious 
than those due to inaccuracies in testing, 

Edimaiwn of cyatwqen — 5 grams of the 
sample are weighed out and made up to 500 e c ; 
25 c c of the solution are diluted to 200-300 e c 
and titrated with a solution of pure silver 
nitrate until the faintest visible turbidity 
results. The silver nitrate must be neutral and 
free from lead and /me especially A con- 
venient strength of solution is obtained by 
dissolving 13 1 grams of silver nitiate in 1 litie 
of distilled water 1 c c of this solution is 
equivalent to 0 01 gram of KGN The solution 
IS standardised by means of a solution of pure 
sodium chloride (dried by heating to retfness 
before weighing) containing 4 487 grams per 
litre , 1 c c of the silver solution should exactly 
precqjitate 1 c.c. of the sodium chloride solution 
using pure potassium chromate as indicator In 
impure solutions of cyanides, the end point is 
often more easily observed if a little caustic 
soda (or a few drops of ammonia) and a crystal 
of potassium iodide are added before running m 
the silver nitrate solution Sulphides interfere 
with the test, but they are easily removed by 
shaking the solution with a little lead carbonate 
and filtering it. 

Estimation of sulphide — 10 grams of the 
find/ powdered sample are dissolved m 15 c.c. 
ot ordinary water and a solution of lead nitrate 
(2 4 grams per litre) run in gradually. The 
mixture is stirred until the colloidal lead sulphide 
at first formed has coagulated into brown flocks ; 


a drop of the solution is then placed on blotting 
paper beside a drop of the lead nitrate solution, 
and the two allowed to run together. When no 
difference can bo detected between the colour of 
the papei where the drops have mixed and where 
they have not, the titration is considered to be 
at an end ; Ice of the lead solution— 0 001 
gram of K^S (T Ewan, J. Soc Chera Ind. 28, 
10, 1909, Rossiter, ibid 30, 583, 1911) 

Water is estimated by weighing out about 
1 gram of the coarsely powdered sample into a 
small distilling flask (10-20 c c ) which is then 
evacuated by a good water pump or preferably 
by a mercury pump The sample is then 
warmed, gently at first, and finally to 200°-300°. 
'riie whole of the moisture is expelled m a few 
minutes without appreciable decomposition of 
the cyanide 

Carbonate is conveniently estimated by 
precipitating a suitable poition of the solution 
with barium ihloiide in the cold (to avoid de- 
composition of cyanatc). The precipitate is 
washed and titrated, together with the paper, 
with normal hydrochloric acid and methyl 
orange 

Chloride The solution is neutralised with 
dilute nitric acid, and methyl orange and boiled 
for about 1 hour (in a draught cupboard, of 
course) to drive off the hydrocyanic acid and 
decompose eyanate The chloiide remaining 
(Richards and Singer, Amer Chem. J. 27, 205, 
1902) IS then precipitated by a known excess of 
standard silver nitrate solution, the silver chlor- 
ide filtered off and the excess of silver titrated 
with ammonium sulphocyanido and iron alum 
m the usual way. 

If ferrocyamde is present, it may be precipi- 
tated with excess of silver nitrate m ammoniacal 
solution ; by acidifying the filtrate with nitric 
acid, silver chloride is precipitated and may bo 
weighed 

Cyanamidc in presence of alkali cyanides is 
easily estimated by exactly neutralising the 
solution of 1 gram of the substance in 100 to 
150 e c of water with nitric acidy and then 
boiling for 20 minutes to expel hydrocyanic acid. 
After cooling, 2 or 3 drops of ammonia are 
added, and then excess of silver nitrate The 
canary-yellow precipitate of silver cyanamido 
Ag 20 N 2 IS filtered off and dissolved in cold 
dilute nitric acid (which usually leaves a small 
losiduo of undissolved silver cyanide). The 
silver in the solution is then titrated by means 
of ammonium sulphocyanido, using ferric alum 
as indicator The method is applicable to most 
substances containing cyanamide, the boiling 
with acid being, of course, omitted when little 
or no cyanide is present. 

When cyanamide is the principal constituent 
this method is insufficiently accurate, because 
the composition of the precipitate is not exactly 
that required by the formula Ag^CN^. the silver 
content depending to a small extent on the 
excess of silver nitrate used in precipitation. 
Caro (Zeitsch. angew Chem 1910, 23, 2405] 
has shown, however, that it contains the whole 
of the cyanamide nitrogen, which is very readily 
estimated by Kjeldahl’s method 

Cyanate The solution is acidified with 
nitric acid and boiled for 20 minutes at least tc 
expel hydrocyanic acid, and convert the cyanatf 
into ammonium mtrate and carbon dioxide 
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The ammonia is then distilled off, after adding 
excess of caustic soda, and estimated by titration 
with JV-hydrochlonc acid as usual. In presence 
of cyanamide, the method is not available, 
because some ammonia is formed from the 
cyanamido when it ls boiled with caustic soda 
In this (rather uncommon) case, the cyanate 
must be estimated by collecting the carbon 
dioxide evolved when the sample is boiled with 
acid (Ewan, J. Soc Chem Iiid 1904, 2^, 244) 

Ferrocyamde is most conveniently estimated, 
either alone or in presence of cyanides, by titra- 
tion with a standard solution of zinc sulphate 
until a drop of the solution no longei gives a 
blue colour when brought in contact with a drop 
of feme solution on paper A zinc alkali feiro- 
cyanido of somewhat variable composition is 
precipitated, and 11 G Colman (Analyst, 39, 
261, 1908; and J Soc Chem Ind 27,806,1908) 
has shown that the quantity of zinc solution re- 
quired to piecipitato a given quantity of feno- 
cyamde depends, to some extent, on the nature 
of the metal in the feirocyanide used This 
effect can be eliminated almost entirely by 
adding an excess of potassium sulphate The 
method is earned out as follows a solution 
containing 10 2 grams of ZnS()4, 711^0 10 c c 

of concentrated sul])huric acid per litre is 
standardised against pure potassium ferro- 
cyanidc , 25 c c of a solution containing 10 grams 
of K4Fe(CN)e 3H2O per litre, mixed with 25 c c 
of a saturated solution of potassium sulphate, 
26 c c of water, and 10 c c of 1 10 sulphuric acid, 
are convenient quantities Equal volumes of 
the standard zinc and ferrocyamde solutions aie 
required, the piecipitato formed having the 
composition Zn,K2(FeCyfl)2 (R Meuricc, Ann 
Chim anal 1913, 18, 342) Subsequent titra- 
tions should be made as nearly as possible under 
the same conditions 

A more accurate method is that of W Feld 
(Joum fur Oasbelcuclitung, 47, 565, 1903). 
Ferrocyamde, equivalent to 0 3 to 0 5 gram of 
yellow ))russiate is boiled for 5 minutes with 
10 c c. of A-NaOH and 15 c c of 3 (molecular) 
A-HgClg If cyanide is piesent, the boiling is 
continued for 10 minutes and the hydrocyanic 
acid distilled into caustic soda and titrated 
with silver nitrate with potassium iodide as 
indicator 100 c.c of boiling 0'1A’^-1-Ig(33 are 
now run m, and the boilimr continued for 10 
minutes to convert feirocyanide into mercuiic 
cyanide This is then distilled with 30 c c of 
3i\r-sulphuric acid for 20-30 minutes, and the 
hydrocyanic acid collected in caustic soda and 
titrated as before The conversion of the foiio- 
eyanide into mercuric cyanide is avoided by 
H. K Williams’ procedure (J Soc Chem Ind 
1912, 31, 468). After distillmg off hydrocyanic 
acid in the way just desenbed (lead nitrate may 
be used instead of magnosium chloride), 0 05- 
0*1 gram of pure cuprous chlondo dissolved in 
^ HCl is added, and the hydrocyanic acid distilled 
off by 4 hour gentle boiling Even insoluble 
ferrocyanides are completely decomposed 

The estimation of the valuable constituents 
,of gasworks products (cyanide and ferrocyamde) 
is performed by triturating 30 to 40 grams of the 
material in a mortar with excess of a cold solu- 
tion of caustic soda for Several liours. A little 
ferrous sulphate may be added to convert 
cyanide into ferrocyamde. The filtrate is 


treated with 4 to 6 times its volume of methy- 
lated spirit. Carbonyl ferrocyamde (fiom 2 to 
5 p c. of the cyanogen is usually present in this 
form, but exceptionally as much as 20 p c may 
be present), sulpho<?yanide, sulphide, and excess 
of caustic soda remain m solution, whilst the 
whole of the sodium ferrocyamde is precipi- 
tated The prec ipitatc is then treated oy one 
of the methods described above (E G. Colman, 
Analyst, .33, 2()1, 1908 , and J Soc Chem. Ind. 
27, 806, 1908, E. W. Skirrow, thid. 29, 319, 
1910) 

Fidphocyanule. Eerroeyamde, if present, is 
fust lemovcd fiom the solution by adding 
iron alum after acidifying slightly The filtiate 
IS tieated with at id sodium 8ul])hito in excess 
and then with copj)oi sulphate and boiled for 
I or 2 minutes Tlie precipitate of cuprous 
sulphocyamdo, winch may he mixed with copper 
sulphide, is filtered off and washt tl with boiling 
water It is then digested with excess of 
caustic soda whieli gives cupious hydroxide and 
a floh«tion of sodium suljjhocyanide This is 
separated by filtration, aeidified with nitiic acid, 
and titrated with silver nitiato, using a feme 
salt as indicator (lander, 43rd Alkali Repoit, 
1906, 39) 

The small quantities of cyanogen compounds 
m concentrated ammonia liquoi may be esti- 
mated ))y convciting them into feme sulpho- 
eyamde and measuring the depth of coloui by 
me.ins of tlie tintometer (P. SpJelmann and 
H Wood, J «oc Chem Ind 1919, 38, 43T, 
and 36{)T) »Sulphocyamde is first estimated 
by ac idifying the diluted sample, m the cold, 
with sulphuric and, and removing feiiocyamde 
by means of a small excess of non alum ; a 
laige excess of non alum is added to the filtrato 
and the depth of colour measined Cyanide is 
conveited into siilphocyamde bv digestion at 
30'’-35° with ammonium polysulpbide, and a 
second estimation made as above desenbed. 
3’hiocarbonate is converted into sulphocyanide 
by digestion at 70°-75° for 45 minutes, cyanide 
and feiiocyamde remaining unaffected 

Alkali mdals in comvicrcial cyanidca 1 gram 
of the substance is evaporated to dryness with 
excess of hydroelilorie aeid. Tiaees of iron and 
calcium are removed by rc-dissolving, adding 
a drop of ammonium carbonate, and filtering 
The solution is again evaporated to dryness, 
and the residue is gently fused and weighed 
The mixture of alkaline chlorides is dissolved 
in water and an aliquot portion titrated with 
silver nitrate, using chromate as indicator 
If n gram of cyanide has yii'ldcd a gram of the 
pure mixed ehloiides containing h gram of 
ehlonnc, the percentage of potassium m the 
cyamcle is given by the formula 

2 431a-4 0126\ 

s — /w 

This method is sufficiently accurate for most 
purposes, but the giavimetne estimation of the 
potassium as potassium platinichlonde must bo 
resorted to if a greater degree of accuracy is 
required. T. E. 

CYANI15IN, CYANIN Anthocyanins 
CYANINE and CYANINE DYESTUFFS v. 
Quinoline coLouRiNa matters 
CYANITEv Kyanitb. 

CYANOMACLURIN. a colourless 
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compound existing m Jakwood is closely 
allied to the catechins, and may possibly 
belong to the same group. In its general 
reactions, indeed, it is very similar to these 
compounds, but differs from them in that by 
alkali fusion it yields fi-resorcyhc acid and not 
protocatechuic acid. 

A full description of the properties of this 
compound is given in the article on Jakwood, 

CYANOSINE V Triphbnylmethanb colour- 
ing MATTERS. 

/.90-CYANURIC acid V. Fulminurio acid. 

CYCLOFORM. The trade name of wobutyl 
ester of p-ammo ben/oic acid 

NH/CeH.-COOG^Hg 

used os a local an.esthetic. A white crystalline 
powder, m p. 65°. Sparingly soluble in water 
(0 022 pc), readily soluble in alcohol and ether. 

CYLINDRITE. {Kylivdrd, Gcr ) A com- 
plex sulphide ore of tin, Pb3FeSn4Sb2 con- 
taining, according to this formula, Sn 25 85 p.c 
It forms very peculiar cylindrical rolls of thin 
folia, the concentric shells paiallcl to the axis 
of the cylinder readily separating under pressure 
The smooth, bright surfaces of separation no 
doubt represent the cleavages of cylmdrically 
curved crystals The colour is blackish lead- 
grey, with a brilliant metallic lustre. The 
mineral marks paper, and is difficult to pulverise, 
m these respects resembling graphite The ore 
consists of numbers of these rolls, which 
measure up to 3 cm in length and 1 cm in 
diameter, confusedly aggregated together, or 
sometimes with a sub-parallel grouping, the 
interspaces being filled with massive material 
It has been found in some quantity in the 
Santa Oniz mine, at Poopo, Bolivia. The above 
formula, written in the form 

SPbSnSa-fSnFeSb^Ss 

brings out a relation between cylmdntc and the 
allied Bolivian minerals, teallito (PbSnS^) and 
franckeite (3PbSnS ,-}'Pb2FeSb2Sg) Analyses 
I and II by G T “Prior (1904), III, by A 
Fren/el (1893) 



I 

II 

HI 

Pb 

. 35 24 

34 58 

35-41 

Fe 

. 2 81 

2 77 

3 00 

Ag . 

. 0 50 

0 28 

0 62 

Sn 

25 65 

25 10 

26-37 

Sb 

12 31 

12 98 

8 73 

S 

. 23 83 

23 88 

24 50 


100 34 

99 59 

98 63 

Spgr. . 

. 5 46 

5 49 

5 42 
L J ; 


CYMARIN. The physiologically active con- 
stituent of the root of A'pocApium cxmnabimim 
and A. androsoemifnlium, is aglucoside, C3oH480iy, 
colourless glistening prisms, m p 135°-140°, 
which, when boiled with alcohol containing 
hydrochloric acid, is resolved into cynuirose 
C7HJ4O4, colourless prisms, m p 88°, a sub- 
stance resembling digitoxose, of which it is 
probably a methyl ether, and cymangonin 
^ lactone which appears to be 
identical with apocynamarm (Moore, Chem. 
Soc Trans. 1909, 95, 734) ; it ciystailiscs from 
aqueous methyl alcohol in rhombic tablets, 
mp 171° (decomp ). With a solution of a 
dia/omum salt, cymarigenin forms dyes ; it 
reduces ammoniacal silver nitrate, forms a 


benzoyl derivative C3jH3,07,JH20, pearly leaf- 
lets, m.p. 230°, and when treated with hydrogen 
chloride in chloroform solution, is converted 
into anhydro cymanqenin C2SH2SO4, rosettes of 
crystals, m.p. 246° (decomp ) (Wmdaus and 
Hermanns, Ber. 1915, 48, 979). 

Accordmg to Impens (Pfluger’s Archiv. 1913, 
153, 239), cymann is not a glucoside. It 
corresponds in activity with digitalis, being 
slightly more potent as a diuretic and slightly 
less so as a cardiac stimulant The ‘ cjmotoxin * 
of Finnemore and ‘ apocynamarm ’ are probably 
decomposition products of cymanne. V. 
Digitalis and Strophantiius. 

CYMENES. Cymols. The name cymene was 
first applied to the hydrocarbon isolated by 
Gerhardt and Cahours (Ann Chim. Phys [3] 1, 
102 and 372) from Roman oil of cumin, which is 
the ethereal oil of Guminum cyminum. Until 
1891 this hydrocarbon was wrongly called 
p-methylpropylbenzene, but in that year 
Widman (Ber 1891, 439, 970, 1632) proved it 
to be the ^.sopropyl- compound {see also Filcti, 
J. pr Chem [2] 44, 150) Frequently, however, 
the various benzene hydrocarbons of the formula 
Cl 0^14 are grouped together under the collective 
name of cymenes No fewer than 22 of these are 
theoretically possible, of which 18 have been 
prepared ; but only the most important, 
namely, cymene proper (p-methyhsopropyl- 
benzene) and the tetramethylbenzenes are 
described hero 

p-MethyhcWpropylbenzene {Cymene) 
'CK,),0liC,lU CH3(1,4) 
occurs in Roman oil of cumin (Gerhardt and 
Cahours, Zc.; Bruhl, Ber 1892, 149; Wolpian, 
Chem Soe Abstr 1897, 1 357) , in the volatile 
oil from the seeds of the water- hemlock {Cicuta 
virosa) (Trapp, Annalen, 108, 386) ; in the oil 
from Flychotis a'fowan (H. Muller, Ber 2, 130) ; 
m oil of thyme (Lallemand, Annalen, 102, 119 ; 
Labbe, Bull 80c. chim. 1898, fiii.] 1009) along 
with thymol C10HJ4O and thymene C,oHi3, 
m eucalyptus oil (from Eucahj'ptus Globulus) 
(Faust and Homeyer, Bor. 7, 1429) ; in oil of 
caraway (Wolpian, Chem Soc Abstr. 1897, i 
17) . in bitter fennel oil (Tardy, J Pharm Chim 
1897, 98) , in oil of lemon grass (Barbier and 
Bouvoault, Compt. rend, 121, 1159; Stiehl, J 
pr Chem. 1898, 51) ; m oil of origanum (Gilder- 
meister. Arch Pharm 1895, 174) ; in geraniol 
(Semmler, Ber 1891, 205) ; and in American 
petroleum (Mabery, Amer Chem. J 19, 419). 
Considerable quantities of crude cymene, known 
as sulphite turpentine, collect on the surface of 
the liquid in the separator used in recovering 
sulphur dioxide in the manufacture of wood 
pulp May bo obtained from camphor by 
abstracting from it the elements of water 

CioHieO=CioH,4+H20 

by heating it either with phosphorus pentoxide 
(Dumas, Ann. Chim Phys 50, 226 ; Delalande, 
ibid. [3] 1, 368) or with phosphorus pentasulphide 
(Pott, Ber 2, 121), or witn phosphorus penta- 
chlonde (Lippmann and Lougumine, Bull Soc. 
chim. [21 7, 374 ; see also Bruhl, I c. ; Tiemann, 
Bor. 1895, 1089). Various isomcndes of camphor 
yield cymene by the same treatment. The 
terpenes CjoHig may be convertedfinto cymene 
by withdrawing two atoms of hydrogen ; this 
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may be effected m the case of oil of tuipeniine, 
for example, by distilhng it with Bromine 
(Oppenheim, Ber. 6, 94 and 028), or better, with 
iodine (Kekule, ibid 6, 437). Old turpentmo 
generally contains cymene (Wallach, Chem. 
Zentr. 1898, i 572 ; Kondakow and Schmdel- 
meier, Chem. Zeit 30, 722). It has been ob- 
tained synthetically fiom p-bromi6’opropylbon- 
zene by means of methyl iodide and sodium 
(Widman, l.c.). To piepare cymene, camphor 
is warmed with an equal weight of phosphorus 
pentoxido, the cymene is poured off, treated 
again twice with a httlo phosphorus pentoxide, 
and finally rectified fiom sodium. The yield 
varies fiom 50 to 80 pc (Fittica, Annalen, 
172, 307) It can also bo prepared fiom iso- 
propyliodide, and p-bromotoluene (Keuter, 
Chem Zentr 1892, i 025 , Bruhl, I c ) or from 
isopropylchloride, toluene and aluminium clilo- 
nde (8ilva, Bull Soc cliim. [u ] 43, 321) — 
Liquid boihng at 177°-177 5° (coir); spgr. 

0 8(570 at 7'9°/4° (Perkin, Chem Soc Trans 
1890, 1125; 1000, 207) With chromic acid it 
yields jparatoluic acid (CHg CgH^ COgH) and 
terophthahc acid Cetl4(CC)2H)2 (1, 4) ; with 
potassium permanganate, llyd^oxy^6oplopylben- | 
zoic acid (CH3)2C(OH)CeH4 CO^H (1, 4) Taken 
mternally, it appears m the urine as cumic 
(p-i6'opro2iylbenzoic) acid 

(CH3),CH*CeH4 CO^H (1, 4) 

The i)reiiaration of cumene v.) from propyl- 
biomide, benzene, and alumimum chloride, and 
tliat of cymene from p-bromo toluene, noimal 
projiyl bromide, and sodium (Fittig, Schafer, 
and Komg, Annalen, 149, 331) was for a long 
time the cause of great confusion in ascertaining 
the constitution of members of the cumene anci 
cymene groups, as it was not icalised iliat m 
each case the propyl- group changed into the 
i,!?opropyl- group owing to the temjierature of 
the reaction not being legulated 

Tetramethylbenzenes 

1 Consecutive tetrmndhylbcnzenc {Piehni- 
cue) GeH2(CH3)4 (1, 2, 3, 4) When sodium 
durene-sulphonate 

C9FI(CH3)4S03Na((^H3- groups 1, 2, 4, 5^ v nifta) 
IS chssolved in concentrated suljihurie acid and 
allowed to stand for 12 hours, jirehmteno- 
sulphonic acid is formed. The mixture is di- 
luted with water, satin ated with baiium carbon- 
ate, the barium salts conveited into sodium 
salts, and these, by treatment with phosphoius 
pentachlonde and ammonia, transfoimed first 
into sulphonie chlorides and then into sulphon- 
amides Prehnitcnesulphonamide is separated 
by means of its sparing solubility in alcohol, 
and is then hydrolysed by heating with concen- 
trated hydrochloric acid to 170°, when it yields 
prehmtene (Jacobsen, Ber 19, 1213 ; see also 
V. Meyer and Molz, Ber. 1897, 30, 1278). Also 
obtained by heating bromocumene 

CeH2Br(CH3)3(CH3,Br,CH3,CH3 : 1, 2, 3, 4) 
with methyl iodide, benzene, and sodium, in a 
sealed tube at 150° for 12 hours — Liquid boil- 
ing at 204° (corr ) ; solidifies in a freezing 
mixture, and melts at —4° Dilute nitnc acid 
oxidises it to prehmtylic acid C3H2(CH3)3C02H. 

2. Unsymmetrical te^ameihylbenzene {Isodu- 
rene) C3Hj(CH8)4 (1, 2, 3, 6). From bromo- 
mesitylene (v (Jumenes), methyl iodide and 


sodium 111 piosence of benzene (Jaimrusch, Ber. 

8, 356). Best by passing methyl chloride mto 
a mixture of mesitylene and aluminium chloride . 

C,HjCHs)3+CH,Cl^CsH,(CH,),-j-HCl 
( 1 , 3 6 ) ( 1 , 2 , 3 , 5 ) 

(Jacobsen, Ber 14, 2629) — Liquid boihng at 
195°-107° , solidifies m a freezmg mixtuie. 
With dilute nitric acid it yields a-e.!?odurylic 
acid, i9-^.9oduryllC acid, and mesitvlenecarboxylic 
acid, isomeric acids of the formula 
C6H2(CH3)3C02H 

and dimethvh<soi)hthalie and dimcthylteie- 
phthalic aiids, isomeric acids of tlie formula 
C3ll2(CH3)2(C()2H)2 (Jannasch and Weilei, Ber. 
1894,3441, 1895,531), potassium pel mangan- 
ate ultimately converts it into mellojihamc acid 
C6il2(C02H)4 (I, 2, 3, 5) 

Hijmmeincal leiiamcihylbvnzene {Dvtcne) 
C'gH 2(013)4 (1, 2, 4, 5) Occurs m coal tar 
(Schulze, Ber 18, 3032) By the action of 
soc hum on a mixture of bromopseudocumcno 
Felf AClla)-}Bi (1, 2, 4, 5), methyl iodide and 
sodium (Jannaseli and Fittig, Zeitsch Chem 
1870, 161) From toluene and methyl chloiido 
m presence of aluminium chloiido (Friedel and 
(hafts, Ann (’liim Phys [b] 1, 461) Fiorn 
o- or p-xylene, methyl chloiido and aluminium 
chloride (Jacobsen, Ber 14, 2629) Fiom 
pseudoeumene, metliyl iodide, and aluminium 
chloride (Rugheimcr and Hankel, ibid 1896, 
2173) — (^Vystallme mass, smelling like camphor , 
meltr at 79°-80°, and boils at ]89°-19]° (.laeob- 
sen) Yields by oxidation with jiotassium 
permanganate, Imally pyromellitic acid 
C3H2(C0>H)4 (I, 2, 4, 5) 

CYMOLS V Cymenes. 

CYMOPHENOL V CAMPHORS 
CYPRIAN VITRIOL. Copyn sulphate {v. 
Copper) 

CYPRIDOL. Tiade name foi a suspension 
of meicuiic iodide in steiihsed oil. 

CYRTOLITEi’ Zircon 
CYSTAMINE, CYSTOGEN. 8yns for hoxa- 
metlivlcnetetr.imme 

CYSTAZOL. An additive compound of 
hexamethylonetetramino and sodium benzoate. 
Used as a urinai y antiseptic 

"CYSTINE, fi-disulphiao-a-aminopropionic acid 
HO2C CH(NH ,)-CH2 S S-CH> CH(NH,) COgH 
first discovcied by Wollaston in a unnary 
calculus (Phil. Tians 1810, 223) , is a pioduct of 
proteid metabolism undei certain pathological 
conditions (Blum, Beitr chem Physiol Path. 
1903, 5, 1 , Wolf and Shaffer, Amer J Physiol. 
19 , Loebisch, Annalen, 182, 231 , Niemann, 
ibid 187, 101 ; Thiele, Trans Path Soc 1907, 
68, 265), winch, accoiding to Abderhalden 
(Zeitsch. physiol. Chem. 1903, 38, 557), are 
hereditary. Dreschel found evstme as a normal 
product of metabolism m the liver of horse 
(Arch. Anat Physiol 1891, 243) and porpoise 
(Zeit Biol 1896, 33, 85) It was found by 
Kulz {ibid. 1890, 27, 415) among the soluble 
products of an artificial pancreatic digestion of 
fibrin ; and is a constant product of hydrolysis 
of keratirf (Morner, Zeitsch physiol. Chem. 
1899, 28, 596) : Buchtala {ibid, 1907, 52, 474) 
obtained the following percentages of oystme 
from the materials mentioned : human hair, 
13-14-5 ; human nails, 6*16 ; horsehair, 7*98 ; 
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horse's hoofs, 3 20 , ox hair, 7 27 , hoofs of 
oxen, 5*37 ; pigs’ bristles, 7’22 ; pigs’ hoofs, 2*17 
According to Folin (J Biol Chem 1910, 8, 
9), cystine is most readily prepared from wool by 
boiling it m a refiuK aj)paratu8 for 5-0 hours 
with twice its weight of stiong hydroehloiic 
acid, or imtd it ceases to give the biuret reaction , 
on removing the free hydrochloric acid by the 
addition of solid sodium acetate, a dark heavy 
precipitate of cystine is obtained , this is purified 
by decolourising a solution in 3-5 p c hydro- 
cfilonc acid with bone-black, and precipitating 
the cystine in the hot filtrate by hot concentrated 
sodium acetate solution (ace oLso Denis, J Biol 
Chem 1911, 9, 3()5) 

The cystine of unnaiy calculus is identical 
with that obtained fiom piotcin hydrolysis 
(Rothera, J Physiol 1{K)5, 32, 175 , Als berg and 
Folin, Amer J Physiol 1905, 14, 54 ; Fischer 
and Suzuki, Zcitseh physiol Cliem 1905, 45, 
405), and was jirovcd to be P-dtbulphido-a-a nttrio- 
propiomc (Kid) by Fiiedmann (Beiti Chem 
Physiol Path. 1902, 2, 433) This view of its 
constitution was confirmed by the synthesis of 
racemic cystine from ethyl monobcn/ovlserme, 
obtained by rcduc ing ethyl foimylhippurato, the 
product of the eondensation of etliyl foiniate and 
ethyl lii})puiato On h('atiiig ctliyl niono- 
bonzoylsciino with jihosphoius peiitasulphide, 
and hydiolysiug the product, (ijsUin is obtained, 
and this is readily conveited into cystine by 
oxidation with air in an aiiinioniacal solution : 

HCO,Kt+NKBz CH,CO,Ft 

->CH() CH(NHBz)“CO>:t 

->()H CH, CH(NHBz)C(),Rt 
(5H(NHBz) C()“Ft 
CH2CH(mi,)('0,H 

-^CO^II CH(NH,) Cll ,8 8 C5H . CO,U 

(Krlenmeyer, Ber 1903, 3(), 2720) Fiscluu and 
Rasko [ihid 1908, 41, 893) also obtained /- 
cystine from dZ-a-ammo-yS-ehloropropionic acid 
liydrochlonde by heating it with baiiuiii hydro- 
sulphido at 100'’ m sealed tubes, and oxidising 
the product by atmospheiic oxygen m th(‘ 
presence of ammonia From the iiatuial 
/-serine the autliom obtained, by a siniilai 
process, an optically active cystine which is 
identical with the /-cy.-^tino obtained fiom natuial 
sources Removal of sulphur by ammonium 
copper solution gives dl-a-aimnopropio7iic at id, 
and removal of suljihiir by zinc dl-alaninc 
(Mauthner, Zeitscli physiol Chem. 1912, 78, 
30-32) 

For the impoitance of cystine in nitrogen 
metabolism, see Abderhalden (Zeitseh physiol 
Chem 9fi, 1-147 , Ber 191G, 49, 2449-2473), 
and m huniin formation, Roxas (J Biol Chem 
19lfi, 27, 71-93) 

Cystine crystalkses in thin colouiless hexa- 
gonal plates ; it has no melting-point, but decom- 
poses slowly at 258°-261° (Neuberg and Mayer, 
Zeitsch physiol Chem 1905, 44, 472) It is 
sparingly soluble in water, insoluble m alcohol or 
acetic acid, soluble in acids or alkalis. The heat 
of combustion at constant pressure is 4 137 
calories (Emery and Benedict, Amer J Physiol 
28, 301-307). The cystine molecule centams two 
asymmetric carbon atoms, and Zccw-cystine, the 
naturally occurring variety, has [al^— 97 5° in 
ammonia, — 223° m hydrochloric acid solution 
(GaskeU, J. Physiol. 1907, 36, 142), or -206*28° 


m a hydrochloric acid solution contaimng 
112 grams hydrochloric acid in 100 cm (Mauth- 
ner, ibid 29) Z-Cystine is converted to the 
extent of 50 p c into r-cystine by heating with 
excess of liydrocldoric acid of sp gr 1 124, at 
1()5° for 12-15 hours , this decomposes at the 
same temperature as the active isomerido is 
three times as soluble in water and can be 
rcxsolved into the active components by the 
action of AspeitfiUus nicjer; the /- compound 
being consumed 

Oystine is readily reduced to c ystcin { a ammo- 
^-tkiolpropionic acid) H8 CH^ CI^NIP) COall 
(Baumann, Zeitsch physiol. Chem. 1882, 8, 
300, Mauthner, Zeit Biol 1901, 42, 176), 
which can be conveited by the action of bromine 
water into ci/stew acid {a-aminO‘^-&idpJioj)ro- 
pionic acid) HO38 CH^ Cl^NlIg) CO2H, and 
fiom this, by loss of carbon dioxide, iaurine 
NH , CH, CIP 80311 18 obtained (Friedmann, 
Beiti Cliem Pliysiol Path 1902, 2, 433). 
According to Von Beigmann {ibid 1903, 4, 92), 
the noimal tauimo in the bilt‘ oiiginates from 
tlie cystiii gioujKs contained in the ingested 
piotcm Cystein yields cystine on oxidation the 
cliaiigo octuiinig spontaneously in alkaline 
solution, although the latc is mti eased by the 
addition of a mixtuie of feme cliloridi' and 
potassium cyanide (Mathews and Walkei, J. 
Biol Chem 1909, (), 289) Foi the beliavioui of 
cystine on oxidation, sa Denis (J Biol Chem. 
1911, 9, 373), and for its bioakdown under the 
I action of ccitani bactciia, set liuiger (Arch 
, Hyg 1914,82,201-211, fiom the abstr. Amer. 
(hicm 80C 1916, 10, 2911) 

8lyko’s leaction (Ber 1910, 43 3170) for 
a-amino acids docs not give absolutely cpianti- 
tativc it‘s lilts in the case of cystine 

(Jystmo and tyrosine can bo quantitatively 
sepal <i.ted by means of absolute alcohol saturated 
with hydrogen chloiide (Plimracr, Bio-Chem J. 
1913, 7, 311-317). 

When cystine is given with food, it is cem- 
pletely oxidised to sulphate and exiroted as 
such (Rotheia, J Physiol 1905. 32, 175) 
Baumann and Preusse (Zeitsch phyMol Chmn. 
1881, 5, 309, Ber 18, 258) found that when 
biomoben/ene was admimsteicd to animals it 
was excreted as hromoplienijki/blein 

0O,H CH(Nn3) m, 8 (^6H4Br 

a compound crystallising in glittering needles 
or platen, mp 180°- 182°, and yielding a blue 
crystalUno copper salt ((’9H9Bi8N02)3Cu 

Denvatwes . — Cystine forms sparingly soluble 
salts with copper, C8H1QO4N282CU , or mercuiy 

C.H,O.N,S,lIg„HsCl, ; 
2C,H,„().N,S,Hg,Hg0L,7H,O; 

2C,Ii.0,N,S,Hg,.Hg(N03), 

With 30 p c nitric or hydrochloric acid (at room 
temperature) it yields compounds 

CgHi .O4N283 2HNO3 and 

CeH4204N2S2*2HCl 

(Momer, Zeitsch physiol Chem. 1914, 93, 
203-208) Bmzoylcystine CeHio 04 N 2 S 2 Bz 2 , m.p. 
156°-158°, crystallises in needleii and forms a 
sparingly soluble sodiiim salt (Goldmann and 
Baumann, Zeitsch. physiol. Chem. 1888, 12, 
254). Cystinephenylhydantoin is a well-defined 
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crystalline compound, and is used for identifying 
cystine.’ Cyshne ethyl ester hydrochloride 

S2[CH/CH(NH2) C02EtJ2,3HCl 
forms colourless needles, in p 185°, with 
decomposition (Friedmann, Beitr. Chem Phy- 
siol Path. 1002, 3, 1) Numerous acyl- deriva- 
tives of eyvstme have been dofeciibed by Fischei 
and Suzuki (Zeitseh physiol Chem 1005, 45, 
405 ; Fist her and Geingross, Ber 1000, 42, 
1485 ; Abdeihalden and Wybert, Ber lOK), 
40, 2440-2473) Of these di-l-kucyld-cif.sttnc 
SJOH2 CH(C02H)NH CO (^H(NH,)C jr J, is a 
granular powdei, turns yellow at 200°, and 
decomposer at a higher temperature, has 

[o]“ —-13b G°, or, when obtained in a crystalline 

form, has 1 fl 4° , it gives a reddish-violet 

colour with copper sulphate, is pietipitated 
by ammonium sulphate, and may be termed 
an alhvmose MAW 

CYSTOGEN. Syn for hexamethylenetetr- 
amine 

CYSTOPURIN. A compound of sodium 
acetate and hexamethylenetetramine 

CYTISINE C,,Hi,ON,, piisms, mp 153°, 
bp 2l8°/2 mm, 1“]^^ — 120°, leadily soluble 

in water, alcohol, or chlorofoim, insoluble in 
ether and peti oleum, is a diacid base foiming 
well-ciystallme salts It is found in the seeds of 
Cyti6U6 laburnum, lllese euroyatis, Baftii^ui 
spy, SophoHi spp , (h’tu.sfa spp , ancl Anagyris 
fceiida in amounts varying from 1 to 2 p c 

Cytisine is a secundaiy-tertiary base Elec tro- 
lytic reductions gives a base, tetiahydro cleoxy- 
cytisine C^jHjgNa. Ilydiiodic acici and phos- 
phoiiis at 230° yields cylisoline CnIl,i()N, 
;8-cytisolidinc CnHuN (this on reduction giving 
a cytisolidinc (’jiIljgN), hydiocarbons, and 
ammonia The eonstitutioiis of a- and 
cytisohdines have been established by synthesis 
(Ewins, Chem iSoe 3’ians 1013, 103, 07) 
jS-t.ytisohdme is b • 8- dim ethyl Cjuinoline, a- 
cytisolidine the eoiiesponding tetiahydio quino- 
line Cytisohne, which on distillation with 
zuic-dust gi\es ^-cytisolidine, is 2-hydif'xy-O 
8-dimethyl quinoline and has I ecn synthesised 
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by 8path. On the£?e grounds it has been 
suggested that cytisine is constituted by the 
fusion of tliree rings. 

The following coii'^titution is consideicd the 
mc'st piobable of the foiiiteen j ossibilitics — 

OH2 (^H 



CH N 


NU-rii , 

(-ytisine is a violent poison Cases of infantile 
poLsoning from eating labiniium seeds aic by 
no means infieqiient Dale and Laidlaw (J 
Pharra E\pt TluTap 1012, 3, 502) have shown 
that the i)hysiologic<il action of this alkaloid 
IS qualitatively and almost C{uantitatively 
indistinguishable fiom that of nicotine See 
Spath, Monatsh 1010, 40, 15, 03 , l^arthcil, Ber 
1800, 23, 3201, 1801, 24, 034; Fieund and 
Fi ledmann, A 1001, 1 288, Fieund, A 1904, 
1. 2()3 , Fieund and lloikheimei, A 1000, 1 
302 , Fieund and Gautf, Aich Pharm 1918, 
25b, 33 

Methylcytisnic Tli,,ON^, piismatic needles, 
m p 137°, 221 0°, leachly soluble m water 

and organic solvents, occuivS in Caulophyllum 
thalicboidfs (Linn ) (Power ancl Salway, ('hem. 
80c Trans 1013, 103, 101), it may also bo 
obtained by methylating eytisine The salts 
are crystalline 

The physiological action of the base is 
similar to that of cytisine {q v ), but the alkaloid 
IS less potent 

Caulopin/lhne (Llo^d, Proc Amer Phaim. 
Assoc 1893, 41, 115) is methyl c^vLsine 

Anagyrine Cj^IL^ON^ (0> amoiphous, occur- 
iing along with cytisine in the seeds of Anagyus 
fo'hda, IS possibly butyl cytisine (Klcsteimann, 
Diss Marbuig, 1808 , Chem Zentr 1800, 1 
1130; Pai tiled and Spasski, Apoth Zeut 18^5, 

I 10, 903, Goessmann, Arch Phaini UOO, 
244, 20) A J E 


D. 


DAGUERREOTYPE v Photography. 

DAHL’S ACIDS. l-Naphthylamiiic-4-7- and 
4 6 -disulphomc acids v. Naphthalene. 

DAHLIA, Syn Hofmann's violet, Pn- 
mula {v. Triphenylmeihanb colouring 

MATTERS). 

DAHMENITE v Explosives 

DAMASCENINE CioHiaOgN, crystalline, m p 
25°-26°, b p 15471s iRiR > 2707'?b0 mm , 

occurs in the seeds of NigeUa damascena (Linn.) 
(Schneider, Pharm. Centrb 1890, 31, 173) ancl 
N. amtaia (Keller, Arjih Pharm. 1908, 246, 
1 ). Its constitution was established by synthesis 
(Ewins, Chem. Soc. Trans. 1912, 101, 644), and 


shown to be iiH*thyl-2-methylamino 3-iiietho\y 
benzoate • 

CH 

COOMe 

NHMo 

COMe 

Keller’s ‘ methyl damascemno ’ is identical 
with damascenine and ‘ damascenmic acid ’ 
C9H1JO3N, said by Pommeichno (Arch. Pharm. 
1900, 238, 531) to be isomeric with damascenine, 
IS obtainc^d on hydiolysis of the alkaloid. 
Damascenine is mildly narcotic. A. J E. 

DAMMAR RESIN, DAMMARYL, DAM- 
MARYLIC ACID p. Resins. 
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DANAITE V. Mispickbl. 

DANALITE. A rare eulpho-silicato mineral, 
with the formula 3R2S1O4 liS, where R repre- 
sents Fe, Zn, Bo, Mn, containmg BeO about 
14 p c. The flesh-red or grey cubic crystals are 
octahedral or tetrahedral in habit ; sp gr 
3 35-3 43; H.=5^-G It occurs m gramto at 
Rockport and Gloucester, m Massachusetts, 
and largo crystals have been found in Goinwall 
Closely allied is the tetrahedral- cubic mineral 
helvite, which contains about the same amount 
of berylhum, but with a preponderance of 
manganese and no zinc L J. S. 

DANDELION ROOT. Taraxaci radiXy B.P ; 
Taraocacumj U S P. {Piasenlit, Fr. ; Lowen- 
zahnumrzel, Ger ) The root of the common 
dandelion. Taraxacum officinale (Weber) (Bcntl 
a Trim 159), is used in medicine for its mild 
laxative and tome properties It ls administered 
either m the form of expressed juice or weak 
spirituous extract The roots employed should 
bo collected in the autumn 

The latex contains two crystalline bitter 
principles, iaraxacin and taraxacertn (Polox, 
Arch Phaim. 19, 50, Kiomayer, ibid. 105, 0) 
The root further contains invlin, 24 p c m 
October, according to Dragendorff (Sachsse’s 
Farbstoffe, 125), but only 1 7 p.c in Maich, 
when, however, 17 pc of uncrystallisable 
sugar and 19 p c of leimlin is present 'Pho 
latter carbohydrate is soluble in cold watei to 
a sweet solution, without any action on polarised 
light 

The loaves and stalks, but not the root of the 
dandelion, contain inosUe (Marm6, Annalen, 
129, 222) G B 

DAPHNETIN. Daphnetin is present in the 
form of its glucoside daphnin in the bark of the 
Daphne alpina (Lmn ) and 7) mezereum (Linn ) 
The concent! ated alcoholic extract is digested 
with boiling water, filteied, and treated with 
lead acetate solution The precipitate is re- 
moved, basic lead acetate added to the filtrate, 
the load compound of tlio glucoside decomposed 
with sulphuretted hydrogen, and the solution 
evaporated (Zwenger, Annalen, 115, 8) 

Daphnin C,5Kig09,2H20 crystallises m 
prisms, melting at 200°, and dissolves in alkaline 
solutions with a yellow colour It is hydrolysed 
by boiling dilute acids with formation of daph- 
ne tin and glucose • 

Ci.H,e094-H20=C„H«04+CeHx20e 
Daphnetin G9H8O4 forms pale yellow needles, 
is soluble in alkalis with a yellow colour, and 
gives a yellow precipitate with lead acetate 
solution On acetylation, a diaceiyl- derivative 
0911404(0211^0)2 IS obtamed, and by means of 
ethyl iodide a diethyl elher 09H402(0Et), is 

P roduced When daphnetm diethyl ether is 

oiled with caustic soda solution, the diethyl 
other of daphnetinic acid 

COOH 

is produced in the form of its sodium salt, which 
when ethylated gives the tnethyl denvative : 

COdH 

By oxidismg daphnetic acid tnethyl ether 
irieihoxyhmzMehyde is formed, which is readily 
converted into triethoxybenzoic acid. The 


silver salt of this acid, when destructively dis- 
tilled, gives pyrogallol tnethyl other. Daphnetin 
13 accordingly a dihydroxycemmarin^ and has the 
foUowmg constitution : — 


OH 


HO 






CH 


(Will and Yung, Bor 1884, 17, 1081). 

It has been synthetically prepared by heatmg 
pyrogallol with make acid in the presence of 
suljihuric acid (Pechmann, Ber 17, 933) : 

C4H8O5 + Ce H8(0H)8 = C9 U6O4 + CO2 + 21120 + Ha 

and by the condensation of pyrogallic aldehyde 
with sodium acetate (Gattermann and Koebner, 


Ber 1899, 32, 287) : 

C 8 H 2 ( 0 H )3 GHO+CH 3 (J 00 H=C 9 Hfl 04 -h 2 H 20 
Daphnetin is a yellow colouring matter, and 
gives with mordanted woollen cloth the following 
shades . — 


Chromium Aluminium 
Olive-yellow Pale olive-yellow 


Tin Iron 

Very pale yellow Olive-black 
(Perkin and Wilson, Ohem Soc Trans 1903, 83, 
134) A G. P. 

DAPICHO or ZASPIS. The South Amciican 
name for the caoutchouc which exudes from the 
roots of llevc/i guiancnsis (Aubl ) 

DARWINITEt; Domeykitb 
DATE. The fruit of the date palm, Phoenix 
dactylifeia A palm of the tiopics of Africa and 
the East Indies It furnishes food to a laige 
population in Egypt and Arabia 

The frmt grows in bunches of from 15 to 
20 lbs weight, and a tiee usually produces 
about 20 bunches annually The date palm also 
yields a sweet sap, which flows, when incisions 
are made m the trunk, almost continuously from 
November to March , the sap is claiified and 
boiled down, when a brown sugar, known as 
jaggery, is obtamed (Bied Zenti 1884, 284). 
Analyses of the flesh of dates give . 

Sol caibo- 

Water Protein Fat hvfliates Fibre Ash 
28 8 1 9 tiace 03 1 2 7 1 6 


Dried dates, according to Komg, have the 
mean composition . 

Free Other caibo- 

Water Protein Fat Sugar acia hydrates Fibre Ash 
18 5 1 9 0 6 67 2 1 3 4 3 3 8 1 8 


Among the ‘ soluble carbohydrates ’ is in- 
cluded about 3 p c of pentosans, while the date 
stone contains about 2*7 pc. of the same sub- 
stances ^Wittmann, Zeitsch landw Versuchs. 
Oesterreich 1901, 4, 131) 

Komg gives, as the composition of the date 
stone : 

Nitrogen 

Water Protein Fat free extract Fibie Ash 
7*7 5 2 90 53 0 24 0 1*1 

Dates are sometimes used as coffee substi- 
tutes, the whole fruit bemg occasionally em- 
ployed, but more usually the stones only. 

Komg gives as the composition 01 ‘ date- 
coffee ’ : 

Other carbo- 

Water Protein Fat Sugar hydrates Fibre Ash 
6 6 5 5 7*9 2 2, 48 7 27 8 1‘3 

yielding about 14 p.c. of its weight to water 
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DATHOLITE v Datolite. 

DATISCA CANNABINA (Lmn ). This is a 
tall, erect herb, resembling hemp, belonging to 
the DatiscecEy and met with in the temperate 
and sub-tropical Western Himalayas from 
Kashmir to Nepal The root, known as AkdUbiry 
has been extensively used in Kashmir and 
throughout the Himalayas as a yellow dyestuff 
chiefly on alum- mordanted silk ; but the colour- 
ing matter appears to be present in the whole 
plant, for the leaves and twigs can also be 
employed for the same purpose 

The leaves of the Datisca canndbma were 
first examined by Braconnot (Ann. Chim Phys 
[2] ill 277), who isolated from them a crystalline 
substance which ho named datiscm. Somewhat 
later it was shown by Stenhouse (Annalcn, 
1856, 98, 167) that this compound is a glueosnle, 
and when hydrolysed is converted into a sugar, 
together with a yellow colouring matter, diitis- 
cehn (^jgHjQOg 

Schunck and Marehlewski (Annalen, 278, 
261), however, considered that the formula 
CigHjaOg was preferable, and showed that, on 
fusion with alkali, datisoetin gives mhcylic acid 
By the action of dilute nitric acid, a nilro- 
mlucylir acid was produced, whereas with strong 
nitric acid, picric acid, as already indicated by 
Stenhouse, was foinied Datiscetm appealed 
to contain methoxyl groups, and was at that 
time considered by the authors to be most 
probably a xanthone derivative 

Korczynski and Marehlewski (Ann d Akad 
Krakau, 1906, 95) have shown that pure datis- 
cetin C^gH^o^c’ however, does not contain 
methoxy-groups Tt consists of yellow needles, 
m p 268°-269”, soluble in alkaline solutions, with 
a yellow colour, and gives, with sulphuric acid, 
a yellow liquid possessing a green fluorescence 
When boiled with strong alkaline solutions, 
phenol and salicylic acid are produced 

THraacciyhlatiscciw ('i5H(50g(02H30)4 forms 
colourless needles, and melts at 138^ , and 
tetrahenzoyldatiscetin CJi5HgOg(07HgO)4 gives co- 
lourless needles, m p 190°-191°. 

Leskiewicz and Marehlewski (Ber 1914, 47, 
1599) by the action of bromine on datiscetm 
in boiling acetic acid solution obtained trihrmn- 
'pJdoroqlucinolt and as a result suggest that this 
colouring matter is the 1 3 l'-tiihydro\y- 
flavonol — 


HO| 


OH 



HO 


OH 


A substance indeed of this constitution in the 
form of its triraethyl ether has been synthesised 
by Bargellmi and Peratoner (Gazetta, 1919, 49, 
64) by the usual methods of flavonol synthesis 
Thus 2 hydroxy 4 : 6-dimethoxy phenyl methyl 
ketone (phloracetophenone dimethyl ether) con- 
densed with salicylic aldehyde methyl ether 
yields 2 hydroxy 4:6:2' trimethoxy phenyl 
styryl ketone I : — 

OH OMe 

I. CO— CH ; CH— 

Vox.. U.—T. 


which by means of dilute alcoholic hydrochloric 
acid gives 5 7:2' trimethoxy flavanone II : — 


IT 




OMe 



The iso-nitroso derivative of this latter when 
heated with hydiochlonc and m acetic acid 
solution gives the trimethoxy flavanone — 


MeO 

My''®-'”™ 

crystallising in pale yellow needles, m p 158"- 
160°, and giving with sulpliuiic acid an intensely 
green fluorescent solution 'I’his is probably a 
tnmethyl ether of datiscetm 

Datif>cin O21H24OH (8 and M ), the glucosido 
crystallises in silky needles, which melt at about 
190°, and dissolve in alkaline solutions with a 
yellow colour Hydrolysis with dilute sulphuric 
acid yields datiscetm and ihamnoH^ not datis- 
cetm and glucose, as stated by Stenliouse {I c ) 
The dyeing properties of datisca loot on wool 
arc very similar to those of old fustic It is, 
however, slightly inferior in dyeing power, 
On cotton it dyes more like quercitron bark, m 
so far that the olives obtained on iron mordant 
are bluer m shade, as though some tannin matter 
were present It appears to have about the 
same colouring j^f^wer as quercition bark, but 
gives a brighter yellow with aluminium mordant 
Applied to wool, it diffeis from quercitron bark 
by giving with chromium mordant an olive- 
yellow which LS not of such a 1 eddish tinge, and 
with tin mordant a bright yellow instead of an 
orange It is an excellent dyestuff, and worthy 
to rank with the natural yellow mordant 
colouiing matters at piesent 111 use (Hummel 
and Perkin, J Soc Ohem Tnd 1895, 14, 458) 

A G. P. 

DATISCIN V Hatisca cannabina. 
DATISCETINy Hatisca CANNABINA 
DATOLITE. A native boro-silicate of cal- 
cium HGaBSiOg, containing B2O3 218 pc 
Monoclmie crystals, with a profusion of small 
brilliant faces, many with five-sided outlines, 
are of common occurrence ; these are usually 
transparent and colouiless, or with a faint 
greenish tinge , sp gr 3 0 The mineral most 
often oe(‘urs associated with zeolites m the 
amygdaloidal cavities of basaltic rocks, eg in 
the neighbourhood of Edinburgh and Glasgow, 
and at Bergen Hill and West Paterson in New 
Jersey It, however, presents several other 
modes of occurrence, viz m granite at Baveno 
m Piedmont , m dionte at Rosskopf in Baden ; 
in gabbro with copper ores at Monte Catini in 
Tuscany ; in ‘ limurite ’ (an axinitc-pyroxenite) 
at Dundas in I’asmama ; m serpen tmo in the 
Lizard district in Cornwall , in calc ite veins in 
sandstone at Sonthofen in Bavaria ; m veins of 
silver ore ,at Andreasber^ m the Harz Moun- 
tains ; in the Lake Superior copper mines (here 
in a compact, opaque, white form resembling 
unglazed porcelain) ; in beds of magnetite in 
gneiss at Arendal in Norway L. J. S. 

2i 
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DATURA STRAMONIUM v Tropetnes. 

DAUCINE CllHl8N^, colourless, oily base, 
b.p. 240°-250°, occurring in carrot leaves 
(Pictet and Court, Ber 1907, 40, 3771), together 
with pyrrolidine 

DEAD DIPPING, The process of producing 
a pale-yellow dead surface on ornamental brass- 
work The brasswork, after the final stamping, 
with its adhering black scale from the annealing 
oven, IS placed in ddute nitric acid until the 
scale IS detached, when it is removed and 
washed with water It is next plunged into 
stronger nitiic acid, and when its surface is 
covered with minute gas bubbles, it is washed 
in a solution of argol and diied in hot saw- 
dust 

DEAD OIL. The higher boiling fractions of 
shale oil, fiom which the greater portion of the 
solid paraffin has been crystallised out 

DECACYCLENE A hydiocaibon. 

obtained together with fiiiorocyclene ^- 4^1128 
and chlorene C 48 H 08 by heating acenaphthene 
with lead oxide at\370°-3.S0° (Dziewonski and 
Suknarowski, Bor 1918, 51, 457) 

71-DECAHEXANEDICARBOXYLIC acid 

COgHfOU JiflCOaH Prepared by the electro- 
lysis of an aqueous solution of tJie potassium 
salt of the monocthyl ester of subene acid, and 
hydiolysing the diethyl ester thus foimed 
(Brown and Walker, Annalen, 251, 125), 

m ]) 118°. 

DECAMETHYLENEDICARBOXYLIC acid 

CO Ji [('Holio COjH Pioparcd by heating the 
mefhyl ester of bromundcc ylic acid with alcohol 
and ])otassium cyanide, and liydiolysing the 
product with alcoholic potassium hydioxide 
(Nordlinger, Bei 1890, 2357) , m p 124 5°- 
125 5° 

DECATOIC ACIDS C,oU>o02. 

1 Caprii and C 11^(0 K^lyCOOH is found as 
a glyceiide in the butter of the cow and goat, 
and in cocoa-nut oil, m association with caproic* 
and caprylic a( ids Many fusel oils also contain 
it (Fisdier, Annalen, 118, 307, Giimm, ibid 
157, 2i)4 , Kowney, ibid 79, 230), and it ls found 
as isvAimyl capiate m certain Hungarian wines, 
and IS formed by the oxidation or chstillation of 
oleic acid (Redtenbacher, ibid 59, 45), and by 
heating o( tylacctoai etic ester with aleoholic 
potash (Giithzcit, tbid 204, 5) A white crystal- 
line substance of m p 313°; b p 208 4° (corr ) , 
sp gr 0 8858 at 40°/4° , possessing a goat-like 
smell ; insoluble in cold water, but slightly 
soluble in boiling water 

2 J)i isob utylacetic_(ind 

[(d^CH^oCHalaCH COOH 
Obtained by heating diwobutylmalomc acid 
(Bentley and Perkin, Chem Soc Trans 1898, 
02) , b p 22r>°-2.30° (730 mm ) 

DECHENITE v Vanadium 

DECOIC ACID, CAPRIC ACID v. Deoatoio 

ACID 

DECOLOURISING CARBONS. This term 
has been applied to nearly pure foims of carbon, 
possessing remarkable decolourising powers, 
and manufactured only within the last ten 
years In this article it will be convenient to 
gioups tliese special carbons separately from 
those which have been employed as decolorants 
for over a century 


(a) Vegetable Charcoals 

The decolounsing property of wood charcoal 
was first observed by Lowitz in 1791, and was 
used for treating beet-syrup An improved 
charcoal, produced by washing and grinding, 
was patented by Louls Constant m 1812, and 
employed in the refining of sugar. Wood char- 
coal is manufactured by burning wood in special 
ovens, or in heaps, air being excluded Oven 
charcoal has the composition : carbon, 81 p c , 
hydrogen, 4 p c ; oxygen and mineral matters, 
15 pc Charcoaf burnt in heaps has the com- 
position carbon, 90 p c ; hydrogen, 2*5 p c , 
oxygen and mineral matters, 7 5 p.c Klasen 
and Bergh (Chem. Zeit 1910) state that the 
oven-charcoal absorbs 15 pc. by weight of 
oxygen at 100° C. The decolourising power of 
most vegetable charcoals is very slight, but 
superior qualities are obtained from cherry 
stones, cocoanut, and certain grasses But if 
wood be treated with certain chemicals before 
being carbonised, the resulting charcoal is a 
very efficient decolorant {see group (c) below) 

(b) Animal Charcoals. 

In 1811, Fiquier proved that bone charcoal 
was a far more cflcctivo decolorant than wooil 
charcoal In 1815, Messrs P and J Martmeau 
patented the use of bone charcoal for refimng 
and clarifying sugar solutions In 1817, De 
C^availlon patented the calcining of bone charcoal 
aftei it has been used as a decolorant, rendering 
it ‘ superior to new charcoal, and the operation 
may bo repeated any number of times with 
equal effect ’ Up to the year 1828, bone 
charcoal was used m the foim of fine powder, 
mixed with the liquid to be decolourised, and, 
hiitilly, separated therefrom by filtration 
Payen, m 1828, introduced an important im- 
provement, the ‘ bone-char ’ being produced in 
a gianiilar form, permitting the syrup (or other 
liquid) to be filtered through the bone-char in 
‘ char cisterns ’ or ‘ char filtem,’ first designed 
by Dumont. The granular charcoal acted as 
efficiently as the powder, and avoided the 
tioublcsomo filtration to separate the powder 
fiom tho liquid The granular form was also 
moie suitable for burning in order to restore its 
activity after it becomes charged with organic 
imjiiirities absorbed from the hquid under 
treatment Dumont’s ‘ char filter ’ was of the 
open type, operating by gravity. The modem 
vessels are closed, and operate under pressure, 
and tlie same liquid may pass through two or 
even three filters, if necessary 

Formerly, bone-char was employed for 
decolourismg both beet and cane juices, in order 
to produce white sugar direct from the plant. 
Less costly methods 01 purifying these j’uices have 
led to the abandonment of bone-char in the raw 
sugar factory, and its application m tho refinery 
only. 

Manufacture of Animal Charcoal The bones 
employed should be carefully selected, hard, 
and free from extraneous matter Whale and 
fish bones are not of a suitable character, 
as they yield a soft char Bonos which have 
been exposed to atmosphenc action for a long 
time, or which have been buried in the ground, 
cannot bo succes 8 full 3 ^ employed, as, owing to 
the alteration in their composition, they produce 
a char deficient in carbon 



DECOLOURISING CARBONS 


483 


Before proceeding to carbonise the bones, 
the fat 18 removed by boiling, or by means of a 
suitable solvent such as benzene By the first- 
named treatment from 4 to 5 p c of fat is ex- 
tracted, and by the second from 8 to 12 p c 
The crushed bones arc carbonised in appa- 
ratus similar to that used in a gaswoiks, in 
vertical or horizontal iron retorts of a round, oval, 
or D section , the latter by preference The length 
of the horizontal retoit is usually from 8 to 10 
feet, the long diamcder being 18 inches and 
the short diameter of the oval retort 12 inches 
There are usually live or seven retorts in each 
bod The retorts are connected m the same 
way as gas retorts, with a hydiaulic mam, and 
this again with condensers oi scrubbeis filled 
with coke, m which the bone oil separates, and 
from which the gases are exhausted The gases 
are then forced through a senes of wjw^hers 
containing water to remove the ammonia, the 
residual gases, which are employed for heating 
and lighting purjioses, finally passing into a gas- 
holder Cliarges of about cwt of bones are 
carbonised in vertical, and 5 cwt in hoiizontal 
retorts, the operation taking about 6 to 8 Iiours 
with the former, and 8 to 10 hours with the latter 
The bone oil, collected m the condenser, amounts 
to from 3 to 5 p c on the bones carbonised, and 
the ammonia in the ammoniacal lupior is equal 
to about 8 p c of ammonium sulphate, into 
which it IS converted m the usual way When 
the bones are completely carbonised, the char- 
coal is removed from the retorts and cooled in 
strong sheet-iron canisters, whicli are at once 
covered with dosely fitting lids and luted lound 
the edges, either with charcoal paste, or a water 
lute The chai, when quite cold, is crushed m 
a suitable mill (any iron it may contain being 
removed by passing over the poles of an electio- 
magnet), and then sifted into various sizes to 
suit the requiiements of tlio sugar-refiner It 
is usually moistened before gun ding, to keep 
down the dust Good bones yield about 05 p c 
of char, but fiom 20 to 30 pc of this is dust, 
which fetches a lower price than the larger grist 
The following is the ajipioximate composition 
of a good sample of new bone chaicoal — 


Garbon 10 51 

(/alcium and magnesium phos- 

pliates, calcium fluoiide, &c 81 21 

Galcium carbonate . . .7 30 

(krlcium sulphate 0 17 

Ferric oxide . 0 12 

Silica . . . 0 34 

Alkaline salts . . 0 35 


100 00 


Moisture originally present . 8 00 


Space occupied by one ton, 48 cubic feet 
W(‘ight of char left on sieves of vaiious 
degrees of fineness — 


Above 10 holes to linear inch . 0 

10 to 20 „ „ „ . 28 

20 to 30 „ „ , . 32 

30 to 40 „ „ „ . 27 

40 to 50 „ . 11 

Through 60 „ „ or dust 2 


100 


New charcoal of good quality should, m the 
dry state, contain not less than 9 and not more 
than 1 1 5 p c of carbon The sdica should not 
exceed 0 5 p c , the oxide of iron 0 15 p.c , the 
ealeium sulphate 0 2 pc., and the moistuie 
8 p c Its weight should not exceed 52 lbs per 
cubic foot It should be of a dull black colour, 
and, when incinerated, leave an ash of a uniform 
white or cream colour , the presence of grey or 
reddLsh particles indicates that the sample has 
been mixed with old charcoal When brought 
in contact with the tongue, it should adhere to 
it somewhat strongly The size of gi am depends 
upon the use to which it is to be applied Large- 
gram chaicoal is preferable for stiong lujiiors, 
such as that used for washing loaf sugar 
Refineis, as a rule, prefei small giain , if, how- 
ever, it be very small, it impedes the passage 
of Ikjuoi and also gives considerable troulile m 
washing Ghar may be used over and over again, 
and sometimes Lxsls several years, being revivi- 
fied fiom time to time by reburnmg m special 
kilns {Mf Sugar) When, by continued use, it 
has lost its power of removing colour, it is known 
as spent char, and is then used as a manure, 
generally after treatment with sulphuric acid, so 
as to form superphosphate of lime 

The carbon always contains a certain pro- 
portion of nitrogen, amounting to about one- 
tenth of its weight , also a minute propoition 
of hydrogen 3’he nitrogen piesent decieases 
whilst the bone charcoal is being used for sugar- 
rehnmg 

When char is lepeatedly reburned, it becomes 
less porous and shrinks m volume, so that a ton, 
j which measures 48 to 54 cubic feet when new, 
may be reduced to 28 cubic feet after being 
leburned many times , m other words, its 
apparent density may be nearly doubled 

Wallace has, however, shown that the ie<d 
sp gr varie-s but little , thus, a new char, occu- 
pying 50 0 cubic feet pei ton, or having an 
apparent sp gr of 0 71, has a real sp gr of 
2 822, whilst a moderately old sample, oceiqiying 
35 cubic feet per ton, or having an apparent 
sp gr of 1 03, has a i eal sp gr of 2 857, or only 
a trifle over that of the now. 

Another proof that char loses its porosity 
by long-continued use and rebuining, is afforded 
by the fact, pointed out by Wallace, that dry 
new char will absoib from 80 to 100 p c of its 
weight of water, wheieas old char will only retain 
from 30 to 45 p c 

Propcrtif/i — Although the decolourising pro- 
perty is the most important, bone-char absorbs 
otlier organic and mineral substances from their 
solutions Tilliot was the first to prove that the 
absorption of oiganie matter increases with the 
temperature, and Kohlrausch first demon- 
strated that the absorbed colouimg matters 
remain chemically unchanged, and can bo 
extracted from the charcoal by washing it with 
ammonia, in which the colouring matters dis- 
solve It was proved by Graham that various 
mineral substances are removed from solution 
by animal cliarcoal , thus the lime is taken up 
from lime water, and metallic salts are absorbed 
from their solutions in water. Accordmg to 
Chevallier, load nitrate and acetate are com- 
letely removed by animal charcoal. Weppen 
as shown that this action extends to a great 
variety of metallic salts, including cupric, zme, 
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chromic and ferrous sulphates, nickel, cobalt, 
silver, mercurous and mercuric nitrates, tartar 
emetic, stannous chloride, and feme acetate 

As the result of a number of expenments on 
the absorption of diffeient salts by animal 
charcoal, Bodonbender arrived at the following 
conclusions — 

1 The power of absorbing salts is a physical 
property 

2 A given weight absorbs a larger proportion 
of salts from a concentrated than from a diluted 
solution , on the other hand, the proportion 
absorbed from a constant quantity of salts is 
more consideiablc when this quantity is in a 
dilute, than when it is in a concentrated, solution. 

3 The presence of sugar has only a slight 
influence on the absorption of salts 

4 The salts of potassium are absorbed m 
smaller proportion than those of sodium 

5 Among the salts experimented with, the 
amount taken up ls in the following order, 
beginning with that least absorbed * potassium 
chloride, sodium chlonde, potassium nitrate, 
sodium nitrate, potassium acetate, sodium 
acetate, potassium sulphate, sodium sulphate, 
magnesium sulphate, potassium carbonate, 
sodium carbonate, sodium phosphate 

0 A chemical action of charcoal has been 
observed with lespeet to some carbonates, oxa- 
lates, and other salts, being brought about by 
the presence of calcium suliihate and phosphate 
in the charcoal 

7 (charcoal, saturated with one salt, is 
capable, within certain limits, of withdrawing 
another salt from solution 
' 8 There is less absorption of a salt when 
the contact is brief than when the contact is 
prolonged The dilTercnce due to time of contact 
ceases when the contact has lasted some hours 

Investigations by W B (flark (J Soe (flicm 
Ind 1912, 202) indicate that the decolouiismg 
power of bone-char depends very laigely on the 
quantity of mineral matter and reducing sugar 
in the liquor treated m the sugar refinery The 
first portion of syrup leaving the char filter con- 
tains only about 00 p e of the reducing sugar, 
and 30 p c. of the mineral matters oiiginally m 
solution After these have been absorbed by 
the char, they are subsequently set free, so that 
the final portions of syrup contain even more 
reducing sugar and mineral matters than were 
originally in solution At this stage there is a 
gradual decrease m the decolourising power of 
the char After the syrup inlet has been closed, 
hot water is passed through the char to displace 
the syrup In this wash- water, the reducing 
sugars and mineral matters are present in eon- 
sulerable quantities This washing treatment 
restores the normal activity of the char, although 
the washed char still contains much organic 
matter, which can bo extracted by means of 
caustic soda solution. Clark remarks that the 
behaviour of char closely resembles diffusion, the 
char itself acting as a dialyser, permitting the 
crystallisable sugar to diffuse through it more 
rapidly than the other substances present. Bone- 
char attains its maximum efficiency' after being 
used, washed, and burnt several times. The 
porosity LS thereby reduced, as also is the per- 
centage of organic matter other than carbon, and 
the percentage of calcium carbonate is reduced 
from about 9 to 3 p.c. The residual calcium 


exists as a basic phosphate, which is partially 
decomposed by heating the char with dilute 
acids, causing an increase m decolounsing 
power 

Now char exerts a slight oxidising action on 
colouring matters which are not afcorbed by 
it Degoncr and Lack state that freshly ignited 
bone-char, moistened with water, and exposed 
to light and air, produces a perceptible quantity 
of hydrogen peroxide, and is thus rendered more 
active than the untreated char If milk of lime 
be sprinkled over the char, calcium peroxide is 
produced 

The high decolourising power of bone-char 
relative to wood charcoal was formerly supposed 
to bo due to the presence of 5-7 p c. of nitrogen 
m the former, and only traces m the latter ; but 
this view has now been abandoned in favour of 
a physical, or purely mechanical, action 

Charcoal prepared from flesh has about the 
same decolourising efficiency as that made from 
bone Blood charcoal is less efficient Fish 
charcoal is the subject of a patent by Adler, 
1913 The finely minced fish ls boiled with 
water, carbonised, and the resulting charcoal 
washed with hydrochloric acid. 

(c) ‘ J)ecA>louri6mg Carbons ’ 

As stated under (a), very active carbons 
can be obtained from various woods when 
these are chemically treated before being 
carbonised fl’he earliest patent appears to be 
that of K von Ostiejko, in August, 1900, for 
treating wood powder with calcium chloride or 
magnesium chloride before carbonising, and 
subsequently treating the carbon with acid to 
extract the lime In a later patent, October, 
1900, he employs calcium acetate or chloride, 
and starch mucilage Subsequent patentees 
employ sulphuric acid at 200° C (Halse, 1902) ; 
earthy lignites treated with kaolin (Goldstein, 
1907) , carbonaceous matter of animal or 
vegetable origin is ignited m the presence of 
chlorine gas (Molenda and Wunsch, 1912) ; peat 
treated with hydroxides or carbonates of potas- 
sium, sodium, calcium, or barium (Kruszewski, 

1912) ; wood treated with zinc chlonde (Wunsch, 

1913) ; wood treated with calcium oxide or 
carbonate (Bonnard, 1914) 

Two very successful carbons are the Dutch 
‘ Norit ’ and the German ‘ Eponit.’ 

‘ Norit ’ IS a fine blaek powder, containing 
94-90 p c carbon, and 4-0 p c mineral matters. 
It possesses about 30 times the decolounsing 
power of bone-char, and about 100 times that 
of wood charcoal The activity increases in the 
presence of acids, but diminishes in the presence 
of alkalis. 

‘ Eponit ’ IS also a fine powder, containing 
carbon, 80 5 p c. ; mineral matters, 4-1 p c ; and 
moisture, 9*4 p c Experiments by Strohmer 
indicate that it possesses 10 times the decolour- 
ising power of bone-char, and is not influenced 
by the acidity or alkalinity of the liquid treated. 
From his chemical and microscopical examina- 
tion ho concludes that ‘ Eponit ’ is a carbonised 
vegetable substance, probably wood. 

More recently, a Committee of the Royal 
Society of London h^ investigated this carbon, 
and attempted to reproduce it by carbonising 
various kinds of wood. The conclusion arrived 
at was that ‘ Eponit ’ is made from a mixture 
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of coniferous wood, such as pine or cedar, and 
angiospermous wood, such as poplar or willow. 

Following Ostrejko’s patent (see above), the 
Committee carried out the following expcri 
ments : — 

(a) A mixture of pine and willow woods was 
treated with calcium acetate and staieh, 
carbonised at a white heat, and the resulting 
carbon boiled with hydrochloric acid, washed 
with water, and heated to a red heat in a retort. 

(b) Cedar wood was treated with cahium 
acetate alone, before carbonising, and the same 
subsequent treatment 

Both (a) and (6) proved superior to ‘ Epomt ’ 
Further experiments with cedar and willow were 
conducted as follows : (a) untreated , (b) 

treated with milk of lime ; and (c) with calcium 
acetate before carbomsing at a white heat, 
subsequent treatment as before The following 
results were obtained • (a) botli charcoals were 
useless for decolourising purposes , (b) and (< ) 
both woods gave very active charci^als, equal to 
‘ Epomt,’ (c) being slightly superior to (b) 
The (’ommittee concluded that the type of 
wood has little or no influence on the result, 
and that probably any porous wood, after 
similar chemical treatment, would yield an a( tive 
charcoal Further, thcat the treatment with 
milk of lime is less costly than that with calcium 
acetate, and the resulting carbon is practically 
equal m decolourising power 

Pellet (Bull Assoc Chim Suer 191(5, 33, 
220 227) has studied the relative decolourising 
poweiN of numerous carbons and charcoals 
lelative to ‘ Epomt ’ taken as standard He 
employed a dilute solution of mohisses, previously 
clarified with basic lead acetate and the clear 
solution acidified with (a) hydroi hloric , and (b) 
sulphurous acids. As some of the carbons 
gave slightly different values in the piesence of 
these different acuLs, the two following seri(‘s 
were obtained, in which ‘Epomt’ is the most 
efficient — 

(a) With hydrochloric acid Epomt, I , 
Littoral, 2 , Flandrac, 3 , Flaming, 4 ; special 
carbon for wines, 5 , bone-char, (5 , special 
carbon, 7 , bone-char ^^ashed with acid, 8 , 
cheriy stone caibon,^9. 

(/d With sulphurous acid Epomt, 1, Flandrac, 
1 , Littoral, 2 , special carbon, 3 , sjiccial carbon 
for wines, 5 , bone-char washed with aiud, (5 , 
Flaming, 7 ; bone-char, 8, cherry-stone carbon, 9 

‘ Noiit ’ and ‘ Epomt ’ rc^semblc bone-char in 
absorbing organic and mineral matters from the 
solutions treated by them, and thus gradually 
losing their activity This can bo restored by 
two methods . (a) carbonising, so as to destrov 
tho organic matter , and (b) by boiling with 
dilute caustic soda, which dissolves the organic 
matters, after which tho carbon is separated in 
a filter-press, and washed with hot water until 
free from alkali 

In the former method, a special type of 
kiln must be employed ( Wijnbcrg’s Patent, 1916) 
Tho second method was patented by Wijnbcrg 
and Sauer in 1911 and 1912, and requires no 
special plant, but appears to have been applied 
to bone-char many years previously In another 
patent by Wijnberg, in 1915 Norit is employed 
to facilitate filtration ^f sugar juices through 
cloth- filters, owing to its power of absorbing 
gums and pectins. 


(d) Mtnetal Carbons. 

Coal, or other bitummous substance, is 
impregnated with an alkali, or alkali carbonate, 
and some time later with an acid , or first with 
acid, and later with alkali, before ignition in 
letorts (Lotz, 1> R P 1911). ‘ Chilm,’ a bitu- 

minous mineral present in tho alum slate of 
Sweden, is diy distilled, the lesidue leached with 
acid, and washeil with water It can be rc- 
genoiated by washing and re heating (Hellsing, 
Eng Pat 1913) Coal is heated with excess of 
anhydrous zinc chloride m an open vessel until 
the chloiide begins to volatilise The mass is 
cooled, crushed, washed in a filter press with 
dilute hydrochloric acid, and finally with water 
(Wunsch, Eng. Pat 1914) The lesidue fiom 
shali'-oil distillation is carbonised (Cathn, 
UlS Pat 1917) 

(c) Carbons 'produced from Industrial By 
Product*- 

(ffacher claims that an active caibon can be 
prepaicd fiorn ' bagasse, ’or ciushed sugai cane, 
after the extraction of the jiiicc (Int Sugar 
Journ 1914, 64 (56) Tlic Pan (fiiemiLal Vo , 
U 8 A , manufactuie an active caibon from the 
by-product obtained in the manufacture of 
salts of taitanc acid from argol This lesidue 
contains 50 pc moistuie, and 50 ]> c crud(5 
fibie with lime and sand It is dried and heated 
in retorts (U 8 Pat 1912) Matheus (Papier- 
fabiikant, 1911, 9, 1435) evapoiates sulphite 
w<istc lyes with milk of lime to a thick syrup, 
and finally in fiat vessels, until it solidifies, 
forming a brittle mass This is po'wdercd and 
heated in a closed vessel 

‘ Black ash lesidue,’ obtained by evaporating 
the alkali separated fiorn wood pulp, consists 
mainly of carbon with 1-5 pc of ^ush Tho 
percentage of ash can be i educed to about 
0 8 p c by washing the residue with hydrochloric 
acid Tho washed carbon has ten times tho 
decolouiismg power of bone-chai (McKee, 
U8. Pat 19H) T H P H 

d6gRAS, or SOD OIL, IS the waste fat 
obtained m tho chamoising pioccss, and is used 
for cuiiying purposes, i e dressing bark-tanned 
or chrome-tanned leather Tho skins which 
aro to bo converted into cliamois leather, aro 
first ‘ limed,’ the hair is tlum removed and tho 
unhiired hides are ‘ drenched,’ ^ e placed in a 
‘ sour bath,’ in which tho fice lime is neutralised 
through the development of an acid fermenta 
tioir, caused by Bacillus furfuris ff’he skins aro 
then strotchecl and well rubbed with whale oil, 
or cod (liver) oil, in tho United States with 
menhaden oil, and worked in ‘ stocks,’ so as to 
become thoroughly saturated with the oil 
The skins are then exposed to the air, and the 
process of lubbing with oil and stamping in the 
stocks 18 repeated until enough oil has been 
absorbed By exposure to the atmosphere, a 
portion of the oil becomes changed, and is most 
likely converted into the glycerides of ‘ oxichsed ’ 
acids In order to promote the oxidation of the 
oil, tho skins are heaped together in a warm 
room, arRl covered carefully with canvas, so as 
to keep the generated heat m the heap whereby 
a largo proportion of the oil is converted into 
‘ oxidised ’ oil The bulk of the oil is expressed 
from the skins by pressure, the remainder of tho 
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oil retained by the skins being removed by one 
of tho two following methods, known respectively 
as the English and German method, or the 
French method In the English and German 
method, tho skins aie washed with alkaline 
lyes ; tho emulsion tlius obtained is acidified 
with sulphuric acid, wJicn the fatty matter 
separates and is skimmed off This fatty 
substance forms the ‘ sod oil ’ of commerce. 
In the Eiencli method, the skins are "stocked,’ 
aired, and ‘ feimeiited ’ for a shorter period 
than m the English oi Geiman method, so that 
a large propoition of the oil can be obtained 
from tlie skins by steeping them in warm water, 
and wringing or pressing m hydraulic presses. 
The oil thus obtained is termed ‘ premiere torse 
moellon ’ The oil still letamed by the skins is 
recovered by washing with alkaline lyiis, as is 
done in tho English and Geiman method, and 
the fatty mattei so recovered is usually added 
to the moellon An addition of other oils is 
also made to moellon, and foi this reason the 
commercial piocluct contains less fibic and 
mineral matter than sod oil 

The most cliaiacteiistic constituents of degias 
aie the oxidised fatty acids 

According to Jean, the cliaiactcnstic oxida- 
tion prodiK't IS a resmJike body melting at 
05°-G7° 'rins substance is insoluble in petro- 
leum spirit, but dissolves in alkaline solutions, 
fiom which it is agaui jireeipitated on the 
addition of acid It lias been teimed dt^gnis 
former by Sirnaiid, and lia^ been shown by 
Eahrion to be composed of a mixtuie of hyclioxy 
acids and anhydrides 

Degras is largely admixed with fish oils, 
blubbei oils, tallow of low cjuality, <S:e Accord- 
ing to trade custom, such j)roclucts are con- 
sidered as a genuine piocluct On tho othei 
hand, the numerous substitutes of degias, oi 
aitijicial dt^qra^, winch riccui m tommcjce, 
consist of highly adulteiatocl clegnus, the 
adulterants being mmeial oils, wool fat, or 
blown blubber oil, and lo.sin Analyses of 
d 6 gras and sod oils of cliffeient kinds aie given 
m J So( (Jiem Jiicl 1891, 10,557, 1892, 11 , 
039 , and J Amer Chem {Soc* 1899, 21, 291 

J L 

DEHYDROTHIO p-TOLUIDINE, DEHYDRO- 
THIO p-TOLUIDINE SULPHONIC ACID, v 

PkIMULTNE and its Djinrv ATIVES 

DEHYDROTHIO /a XYLIDINE 



IS prepared by heating w-xylidmo with sulphur 
until hydrogen sulphide ceases to be evolved 
(c /*. I)chydrothio-p-toluidine , Ait Pkimddine) 
The excess of r/i-xylidmc is removed by distilla- 
tion and the lesidue treated with hydrochloric 
acid, in which the i 6 odchydrothio-m-xylidine 
(m p. 121 °), formed simultaneously, is insoluble , 
m.p. 107° , b p 283°/14 mm Insoluble m 
water, readily soluble in hot alcohol (Anschutz 
and Schultz, Ber. 1889, 22, 582 ; Paul,* Zeitsch 
angew Chem. 1896, 9, 679). 

DELPHINE BLUE v Oxazine colouring 

MATTERS 


DELPHINIDIN, DELPHININ, r. Antho- 
oyanins. 

DELPHININE is one of a series 

of ill-defined poisonous alkaloids, including 
ddphisiney delphinoidine^ ,staphtsagroiney and 
siaphisagrotdtney found in stavcsacre seeds 
{Delphimum Staplnsagna (Linn ). Official in 
the B. and U S P. (Kora-Stojanoff, Chem. 
Zentr 1890, fu ] 628, and Ahrens, Ber 1899, 32, 
1581, 1669 ) Delphinium conholida and D, 

apaiSy aceoidmg to Keller (Aich Phaim 1910, 
248, 468 ; 1913, 251, 207), also contain alkaloids. 
From various Ddphimum spp Hcyl has ob- 
tained ‘ delphocurarinc,’ an amorphous mixture 
of bases, including a crystallme substance, 
m ]) 184°-185° (Chem 8 oc Abstr 1903, i. 650) 

‘ Delpboeuiaiino ’ resembles curarmo m 
physiological action (Lohmann, Pflug. Arch 
1902, 92, 398) 

DELPHINIUM CONSOLIDA. Ddphtmim 
consolida is a common European plant belonging 
to tho Larkspur family ; its name lefers to its 
powers, real or imagmaiy, of healing oi con- 
solidating wounds Tlu' blue floweis were 
examined by JVikm and Wilkinson ((diem 8 oe 
Tians 1902, 81, 585) to detcimmo if these yield 
the same colouring matters as those ])reviously 
isolated fiom the llowcis of the i) zahl {ihiil 
1898, 73, 267) The presence of kaempferol 
only could, however, be detected Foi its 
isolation an acpieous extiact of the flowcis 
was digested at the boilmg-point with addition 
of sulphuric and, and the blown resinous 
piocluct winch separate(l on kccjuiig, exti acted 
with alcohol and the extract cvapoiatcd to a 
small bulk Addition of ctliei to tins solution 
caused tho pieci})]tation of lesinous iinpinity, 
and on evaporating the ethereal liquid a seim- 
crystallme residue of the ciude colouring matter 
was obtained Tho was crystallised 

from dilute alcohol, coiiveited into acetyl 
<lcrivative, and this aftei puiilication ictians- 
formed into colouiing matter m tho usual 
i manner The yield was apjiroximately 1 p e 

Kaempfeivl consists of yellow 

needles, m p 276°~277°, soluble m alkalme 
solutions with a yellow euloui These liquids 
on exjiosuie to air are slowly oxidised with 
development of a brown tint 

Tdra-areiyllcaenipferol j 1 ^) 4 , 

! when crystallised from metliyl alcohol forms 
colourless needles, and wlien heated commences 
to melt at 11 b'’ and becomes eoinjiletely fluid 
I at 120° On further heating, howevei, gradual 
solidification ensues and the inoduct subse- 
({uently melts at 181 °- 182° This peeuliaiity of 
acetylkaempfcrol, which is not apparent when 
the substance is crystallised from ordinary 
alcohol, affords a convenient method for its 
detection 

Tribroinkaempferol CigHyBr^Og forms yellow 
needles, m p 275°-277° ; kaempferol sulphate 
C, 5 HioOgH 2 S 04 , orange-red needles; kaemp- 
ferol hydnodide CigHiQOgHI, needles, and 
monopotassium kaempferol CjgHgOgK, orange- 
yellow piismatic neecllcs. 

RaempferidCy a monomethyl ether of kaemji- 
ferol, exists in Galanga loot, and a mono- 
• methyl ether, apparently distinct from this 
latter, has been isolated Eom the bernes of the 
Khamnua catharticua The glucosides at present 
known of kaempferol are robintn^ which occurs 
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in tho flowers of the Rdbinui pscuddaiaa , kacmp- 
fentnrif found in the leaves of tho Indtgofera 
arrecta ; and haempjenri, which has been isolated 
from senna 

Fused with alkali, kaempfeiol gives phloto- 
gkicinol and p-hydroxyhenzoic acid 

To kaempfcrol v Kostanecki assigned the 
constitution of a tnhydroxyfiavonol (Ber 1901, 
34, 3723) — 

/X / O , 


HO(^/ \0-^ 

II \ / 


and its synthesis was subsequently effected by 
V. Kostanecki and Tamboi (Ber 1904, 37, 792) 
2-Ily(hoxg-4t ' Qi 4i'-tnmdfioxyc1uilkone (1) 
when ciigcsted with boiling dilute alcoholic 
sulphuric acid gives 1 3 4''tiiinethoxy flava- 
none (2) — ■ 

OH (!H— 


and tho latt(*r by means of amyl nitiite and 
hydiochlouc at id is converted into 
1 3 4:'4rim,dJioj[i/flav(in(j)ic (3). 

When a solution of tlns^ substance m acetic 
acid IS boiled with 1 0 p ( sulphutic acid 1 3 4'- 

trimetlioxifilavonol (4) is produced, from which by 
tho action of hydriodic acid knot! pj viol (5) is 
readily prepared — 

/ 0 s . V 

(3) I ^ 


<JH,o/\'^ '^0— 


\/\ -con 

OCH 




(s) I II ^ 

OH 

Kaempfeiol pt^ssesses well-defined dyeing 
propel ties, and gives with nioidantetl woollen 
cloth tho following shades which closely lesemble 
those given by moiin : — 


Chromium 
Brownish-yellow 
Tin ^ 
Lemon-yellow 


Aluminium 

Yellow 

Iron 

Deep olive-brown. 


it IS also piescnt m tho Impaliens halsamina 
(Chantili Pass), the Kiythruia btricia (vernacular 
name ‘Kon kathet’) (Perkin and Shulman, 
Chom Soc Pioc 1914, 30, 177), the boriies 
of the Rhanmus calharticm and together 
with quercetin, both apparently as glucosides, 
m tho flowers of the Primus spnio^a (Perkin and 
Phipps, Chem Soc. Tr^ns 1904, 85, 56) For 
the separation of the two colouring matters a 
fractional crystallisation from acetic acid was 


employed, kaempfcrol m these circumstances 
being the more sparingly soluble AGP 
DELPHLEGMATOR. An apparatus used in 
f I actional distillation The term is also im- 
ployed in distilleries for an apparatus foi fieeing 
alcohol from water (phlcgnia) 

DELTA ACID. J>Lsulpho acid S l-Naj)!!- 
thylammc -4 • 8 -disul])honic acid 

DELTAPURPURIN v . Azo- colouking 

MATTERS. 

DENATURANTS, This term is ap 2 )lied to 
substances which are added to articles usuafly 
subject to le venue imposts, and pnmaiily 
intended for human consumjition (as sjunts, 
tobacco, &c ) 111 order to render such aitides 
unfit foi human consumption, but without 
impanmg then efhcacy lus raw mateiial for use 
in various arts and manufactun's Articles thus 
denatuied ’ may safely (from a levenue point 
of vi(‘w) be released from levenuo control 
without paymmit of duty 

The pimciples undeilvmo tlu' choice of 
suitable ihuiatuianf s aie mainly as follows — 
(a) They sliould be mexjicnsive, so as not to 
ad<l matei lally to the cost of the denatuied ariiclo , 
(h) Then uso should caus(‘ the immmum 
amount ot inconvenience to the manufaeturi'r, 
both m legard to his processes and the netessaiy 
levenue supei vision involved , 

(c) Tho dcnatuiant should not b»' incom- 
patible with tho juocess of m.niufactuie oi the 
subsec{uent use of the denatuied article , 

((/) It should bo ol such a nauseous and 
repugnant (haiactei as to icunove any tempta 
tion to would-be consumi*rs of the denatured 
aiticle, and 

(p) The diuiatairant should have smh a 
lelation to the original aitule both in quantity 
and ehai<ictei as to piecliidi' its lemoval from 
the mixtuie by any ]»iocess wliii h could be 
jiiofitably earned out on a eommen lal siale, 
and it should bo capable of being readily 
detected even if present in very small f{uantity 
In the Uniterl Kingdom the dutiable ,irtieles 
allowed to be denatuied aic tea, tohaao, wm(y 
and spinfy the last being by far the most 
impoitant, both by leason of the huge amount of 
revenue deiived from it, and tlie great vaiietv 
and extent of its applications in the aits and 
manufaetuies 

Tea, before being admitted for consumption 
in the United Kingdom, is i‘\amined by the 
Uustoms under sect 30 of the Sale of Food and 
Drugs Act, 1875, and, if found satisfai*toiy, is 
passed on payment of duty . but if otherwise, it 
IS refused admission os ‘ tea ’ Since, however, it 
still possesses a certain commercial ^alue as a 
raw product for the extraction of theme or 
caffeine, tho (jornmissionei’s of Customs and 
Excise usually permit it to bo admitted for 
this purpose duty free, after it has been 
effectively denatured in such a wav as to 
make it unsuitable for uso as a beverage, 
but without mterfeiing with its eflicaey as a 
source of caffeine The same applies to those 
teas which have been accidentally dam aged 
and aie voluntarily withdiawn by the importers 
from salo«is ‘ tea ’ 

In tho case of tea, the denaturing process 
consists in grinding and mixing the tea with lime 
and asafmtida in the proportions of 1 part of asa- 
foetida and 100 parts of lime to 1000 parts of tea 
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Tobacco IS dutied on tho whole leaf, of which 
certain portions, as the midribs or so-called 
‘ stalks,’ are by manufacturers treated as 
waste or ‘ offal,’ and tho same appUes. to the 
unused portions of manufactured tobacco, 
known as ‘‘•hoits’ or ‘smalls’ On these the 
duty which has been paid is returned as ‘ draw- 
back ’ to the manufactuicr on condition, either 
that the tobacco offal is surrendered to the 
Government for destruction, or (if intended for 
such pui poses as the manufacture of nicotine, 
insecticides, sheep dips, &c ), that it is denatured 
according to certain prescribed formuhe, and 
under tho supervision of revenue officers. 
Denaturing is equally necessary in the case of 
offal from tobacco manufactured m bond 
(although no duty has been paid nor drawback 
given), in order to prevent its fraudulent use as 
a substitute for duty-paid tobacco 

The following formul® have been officially 
approved m the United Kingdom for denaturing 
certain preparations having tobacco as a basis — 

(а) i^heej) wash To every 100 lbs. of 
tobacco are added 10 lbs of blue vitriol, 15 lbs. 
of common salt, 2 lbs of oil of turpentine. 

(б) Tobacco extract manufactured in bond 
may bo denatuied by adding 30 paits of soft 
soap to 70 parte of evtract 

(c) Bop powder ^ To every 75 lbs of snuff or 
tobacco are added 28 lbs of sulphur, 5 lbs of 
asafmtida, and 3 lbs of sago dour. 

(d) foi hoi ticultural purposes To 
every 100 lbs of tobacco or snuft arc added 
10 lbs of giound helleboie, IS lbs of saltpetre, 
0 lbs of asafcetida, 4 lbs of cayenne, 2 lbs of 
lampblack, 10 lbs of sago flour 

W me which has become unsound and sour 
(owing to the formation of acetic acid) so as to 
bo no longei suitable for use as a beverage, is 
released from revenue custody after being 
denatured with a view to its conversion into 
wine vinegar The denatuiant used in this case 
IS 20 p c of commeicial vinegai, or an equivalent 
quantity of acetic acid. 

(For methods of denaturini^ alcohol, v 
Methylated spirits and Imlustnal alcohol^ art 
Alcohol.) J C. 

DENITRIFICATION V Fermentation and 
Soils. 

DENSIMETER v Specieic gravity. 

DENTALONE. A solution of chlorctonc in 
essential oils 

DERMATOL. Bismuth suhyallate {v 
Bismuth, Organic compounds of , also Syn- 
thetic drugs) 

DERMOGEN. A trade name for zinc 
peroxide. 

DERMOL. Bismuth chrysophanaie, A 
yellowish - brown powder, said to have the 
composition Bi(C’j5Hg04)3Bi^03. According to 
Merck, it is a mixture of impure chrysaro- 
biii and bismuth hydroxide {v Bismuth 
Organic compounds of , Chrysarobin and 
Synthetic drugs) 

DERRIS ULIGINOSA (Benth.) Tho stem of 
this species of dcrris, used in the Far East as a 
fish poison, contains a poisonous resm (Froo 
Amer Pharm Assoc 1902, 50, 29(3). 

DESAEGIN (‘Colloidal chloroform’). An 
albuminous substance containing chloroform. 

DESGLOIZITE. A basic lead and zme 
vanadate, (Pb,Zn)2(0H)V04, crystallismg in the 


orthorhombic system, and isomorphous with 
ohvenite (basic copper arsenate). A small 
amount of copper is sometimes present. The 
small crystals are deep reddish-brown m colour, 
and tho streak is a paler yellowish -brown. It 
occurs in veins of lead ore in association with 
vanadmite, &c , and has been mined to a 
limited extent in New Mexico and Arizona, as 
a source of vanadium. It also occurs m con- 
siderable quantities in the Sierra de (Cordoba in 
Argentina, and at Broken Hill in North-Western 
Rhodesia L. J. S 

DESICCATION AND DRYING. The removal 
of mechanically admixed water from substances. 
The removal of chemically combined water is 
usually termed dehydration, but it is not always 
possible to draw a sharp distinction between 
tho two processes. 

A substance may be tenned ‘dry,’ even 
though it still contains mechanically admi.xed 
water, provided that this water is not apparent 
to the touch , the term ‘ de^siccation ’ refers, 
strictly speaking, to the complete lemoval of 
admixed water. 

The importance of drying and desiccating 
will be appreciated by a consideration of the 
numerous leasons for which these processes 
have to be employi'd, among which the following 
may be mentioned — 

1 To preserve material from undergoing 
physical and chemical alterations, e g leather, 
tobacco, fruit 

2 To remove water needed in preceding 
operations, e g drying coal after washing, 
woollen and cotton goods after dyeing, &c. 

3 'I’o facilitate accurate sampling, since 
substances are mucli moie readily and uniformly 
mixed in the diy state than in the moist condition 

4 To dimmish the weight of an unnecessary 
ingicdient and thereby dirnimsh cost of packing, 
carriage, and freight ; e,g. timber, peat, &c. 

5 To retain desirable moLsture in a sub- 
stance by drying its surface, theieby rendering 
the outer layer impervious to moisture, e g. tho 
drying of soaps and chocolates 

6 To prevent injury to health or goods, as 
in the case of tho moisturo-ladcn air of textile 
factories, evaporating rooms, &c 

7 To prevent waste of heat m vapourising 
water when combustibles are burnt 

A shght consideration of tho various pur- 
poses served by drying processes is sullicicnt 
to bring out the wide range of degrees of dry- 
ness, and the various conditions to which the 
term ‘ dry ’ is applied This vagueness arises 
partly from- the difficulty of stating quantita- 
tively tho amount of water present in a given 
instance, and partly owmg to the varymg 
capacity that substances possess for absoroing 
moisture. Thus it is that in ordinary conversa- 
tion substances are variously described as 
‘ soaked,’ ‘ wet,’ ‘ moist,’ ‘ damp,’ ‘ dry,’ ‘ dried,’ 
‘ desiccated ’ or ‘ dehydrated,’ in order to indicate 
qualitatively their degrees of dryness. 

The drying processes in use may be classified 
under the following headings, corresponding 
with the degrees of drying to which they lead — 

A. Gravitational drymg, by draimng, filter- 
ing, absorbing, and condepsmg. 

B Mochamcal drying, by pressure and 
centrifugal force. 

C. Drying by evaporation. 
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A. Gravitational drying. Tho processes in- 
cluded under this heading are usuaQy only pre- 
liminary to the employment of method C above. 

Draimige is a natural process occasionally 
used for the purpose of removing suiface water, 
e.fj. from washed coal The procedure requires 
no special description. 

Decantation is a process by which solid sub- 
stances mixed with a iaigo amount of water are 
separated from tho gicater poition of that 
liquid by allowing them to settle, and running 
off the hquid fiorn above the sediment In 
practice it is often tho custom to arrange 
‘ settling tanks ’ in scries, stepwise, and gradu- 
ally feed tho mixture of liquid plus suspended 
solid into the upper vessel by means of a pipe 
leading to tho bottom The oveifiow runs into 
the second vessel, and so on tliroughout the 
series. Arrangements are provided for emptying 
each tank as re<] Hired China clay, chalk, ami 
barytes are separated m this manner 

Filtration 1*5 a process of acecleiated drainage 
Thus wet pigments prepared by precipitation 
are drained on calico sheets stretched loosely 
over a skeleton framework Filtration is gieatly 
accelerated by partially exhausting thoi^bii from 
tho chamber into which the hquid drains A 
vacuum filter has boon designed to work con- 
tinuously, and consists of a hollow drum, 
mounted with its axis horizontal, and partly 
submerged m a tank containing the suspension 
to bo filtered Tho periphery ls covered with 
filter cloth, and the water is drawn by suction, 
applied to the ulterior of the dium, through 
this cloth, leaving tho solid matter as an outside 
coating. By slowly revolving the dium, a con- 
tinuous coating of solid is thus foimed, and, 
after it reaches a certain thickness, an adjust- 
able skimmer removes the suiplus This 
arrangement can bo adapted to many diying 
operations, and consumes very little powoi 

Absorption is «i drying process in which the 
material is dried by causing it to yield its 
moisture to other substances which are capable 
of annexing it. This process is not often applied 
on a largo scale, although it is commonly em- 
ployed in the laboratory Instances are fui- 
nished, however, m the preliminary drying of 
large clay ware 111 dried plaster of Pans moulds, 
and in tho drying of the highly water-laden 
atmospheres of evaporating rooms, dye houses, 
&c , by pumping warm, fresh air into them 
Warm air having a much higher capacity for 
holding water vapour than cold an, tho result 
is naturally to effect a drying of the atmosphere, 
besides warming up the room and fittings 

In the laboratory, substances are frequently 
dried by placing them in a desiccator This is 
simply a closed glass vessel contaimng in a 
suitable receptacle some chemical compound, 
such as anhydrous calcium chloride, concen- 
trated sulphuric acid, or phosphoric anhydride, 
which has a remarkable affinity for water, so 
that it will, by absorption, remove water vapour 
from the interior even when the tension of the 
aqueous vapour therein is exceedingly small 
The substance to bo dned being placed in the 
desiccator, in tho interior of which the tension 
of aqueous vapour is almost nil, it gives off its 
moisture, and this is continuously absorbed by 
the desiccating agent employed. The latter 
must expose a large surface for rapid absorption 


to occur Tho velocity of diying in a desiccator 
may be greatly increased by exhausting tho air 
from the mterior (vacuum desiccator), since tho 
rate at which moisture can diffuse from tho 
material to tho absorbmg agent is thereby laigely 
augmented The degree of drying attained 
cannot, however, be increased, since that is 
limited merely by the pressure of the a(j[ueoiis 
vapour when it has reached equilibrium with 
tho absorbmg agent 'The rapidity of drying is 
also increased by placing the material to be 
dried at the bottom and suitably arranging the 
desiccating material above it This arises from 
the fact that moist air has a smaller density 
than dry air at the same k'nipcrature and 
pressure ; conseipiently, the natural process 
inside the desiccator is for the iiloist air to rise 
The error in design exhibited 
m most laboratory desiccator'^, 
in which the above arrange- 
ment IS reversed, was jiomtcd 
out by Hcmpel (Jicr 18‘)(>, 

23, 3506), to whom the 
desiccator shown in Fig 1 is 
due In this desiccatoi, the 
drying agent is placed rn the 
trough of the lid 

Jt IS usual to evacuate 
laboratory desiccators by 
means of the watcr-puini>, 

I but it may be easily accom- 
jilished by simple chemical 
means (J Amer Cliein Soc 
1900, 28, 834 ; Amer Chem J 1902, 27, 340) 

A desiccator for drying by means of a cuircnt 
of air has been dcsciibed by Fratt (J Amer. 
(ffiern. Soc 1017, 39, 271) Jt consLsts of a 
Buchner funnel connected below, tbiough 



cock s', to a safety flask, which m turn is con- 
nected with a pump. Resting on the funnel is 
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a heavy brass disc, b, on the lower surface of among other things, sewage sludge, gold slimes, 
which IS cemented a ring or sheet of rubber, n, and precipitated pigments, 
to make a tight joint. Pressure is brought to Drynig by centnfuged /orcr.— This method is 
bear on the disc by means of three screws acting largely employed for drying clothes in laundries, 
between the disc and a metal collar, c Heavy when the centrifugal machines are termed 
rubber tubing, k', prevents the collar from hydio extractors. It is also used for drying 
exerting unequal pressure on the funnel. In wool, cotton yarns, piece goods, &c., after they 
the ccntio of the disc is set a brass tube, to have left the dye houses, and for separating and 
which IS attached, by means of heavy lubbci drying sugar, gun-cotton, and staich. 
tubing, a", the cock s'. Tins cock is fuither The process consists in placing the mateiial 
attached to a system of diying- bottles or to be diied m a basket containing numerous 
towers The material to be desiccated is either holes, and rotating it in a hoiizontal plane at a 
filteied into or placed m the funnel (Analyst, considerable speed The water is thrown off 
1917, 15b). from the material very effectually, much more 

(Jondi’nsaiion This is employed as a means effectually than when simple filtration or filtia- 
of drymg materials which must be handled at tion under moderate pressure is adopted 
low tcinpeiatiute, and is a method adopted A centiifugal machine consists essentially of 
in cold storages The piinciple of the process a circular basket, rotated on a veitical cential 
18 , briefly, that the moist air of the rooms is shaft and enclosed in an outei stationaiy casing, 
drawn out and passed into chambc’irs mam- The circulai b<iskot is diuni shaped, having an 
tamed at a very low temperature, where it is open toji to mtioduce the mateiial and some- 
made to deposit the greater part of its moistuie times a valve at the bottom to foim an outlet 
as a liquid The diy air is then retuined to foi dried ciystals The pciipheiy is peifoiated 
the drying rooms, eithei cc)ld, when it waims with holes of a suitable size These baskets are 
itself at the expense of the materials diying, oi made of steel, bionze, (oppci, aluminium, silvei, 
after being previously heated This ciiculation or china, as may be suitable, and are lined with 
of air goes on (ontinuously The method rubber, enamel, or lead when dealing with 
adopted in older to maintain a low tenqieratuie acid liquids The outer stationary casing 
in the cooling looms is to allow liquid ammonia, seiv(‘s as a guaicl in case of accident and as a 
caibon dioxide, or ether to evaporate at the collector for the watei The successful working 
iccj[uisito latc through long coils of metal pipes of a centrifugal machine dejiends upon the skill 
over the outcT surfaces of which the moist air with which the vertu'al shaft is mounted and 
IS drawn The latent heat of the ammonia (or <liiven, since the apjiaiatus must have sutheient 
other) vapour is obtained at the expense of the freedom when lunning for the axis to take up 
heat of the moist air, which is theieby cooled, the position it lequires , otheiwise vibrations 
the vapoui condenses on the pipes and the will lapidly wreck the machine 
water trickles down into troughs and flows C Drying by evaporation. This is by far 
away. The ammonia (ui other) gas is lepeatedly the most ethcient method of diying , indeed, 
used 111 a cycle of operations, being successively several of the preceding pi oc esses an* only 
liciucfied and evaporated This process is highly employed as pieliminary steps to the application 
efiicient, but lecpuics careful handling foi of this more poweiful method 
economical working ^ Diymg by evajioiation is a process in which 

B Mechanical drying. These methods arc the watcT is lemoved by fust convciting it into 
efhcient when water forms a laigo piopoition of vapoui and then cc)nveying the vapoui away, 
the total weight, and when the solid material Water always has a tendeiu y to pciss into the 
to be separated is porous in texture They gaseous state, and is constantlv giving off 
leave the solid damp 01 moist vapour from its fioo surface If this jJioiess 

Drying by preMuie — There are very*^ lew occurs in a closed space, some of the vapour 
cases m which direct mechanical picssure is finds its way hack into the liquid, and a state 
used for removing water from substances, the of equilibrium is set up when the late at which 
most important of which ls the diiect squeezing vapciur is leaving the suiface has become ccjual 
of peat in specially designed machines, in order to the rate at which it is jiassing back into the 
partly to lemove the surjilus water. liquid To the state of equilibrium at any 

Filler presses are itscd for jiaitly diying particular temperature there coi responds a 
semi-solids, and leave them still containing about definite vapour picssure, which is a measure of 
20 p c of moisture They are efficient in re- the tendency of water at that temperature to^ 
moving the laige bulk of the water from gianular pass into the gaseous state, and this vapour 
substances m a state of thick mud Essentially jiressure rapidly increases with rise of tem- 
a filter press consists of a number of fiat sections peratuie. When cvajioration takes place in 
or chambers formed of iron plates covered with free space, no condition of equilibrium is 
ffitermg cloths, and supported m a stiong reached, since, owing to diffusion of the vapour, 
horizontal fiarno, in which they can be squeezed the rate at which it passes back into the liquid 
up tightly together ^riie chambers aie made can never equal that at which vapour leaves it. 
either round or square, and usually each has Evaporation theieforo goes on until no more 
its own outlet cock, while the washing aiiangc- liquid remains From these considerations, it 
ment can be made leveisiblc The sludge to bo follows that the two mam practical principles in 
filtered is fed in undei model ate pressure, and drying by evaporation are (i ) to warm the 
all the outlet cocks opened After wditer has material and thereby increase the tendency 
ceased to flow out, the solid in the press is of its contained water to yapounsc , and (ii ) to 
washed, if desiiable, and the press then taken to remove the vapoui as it is produced from the 
pieces to remove the moist solid cakes from its neighbourhood of the substance, in order that 
interior. This process is used for filtering, the evaporation shall proceed continuously. 
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In applying these pnnciples it is necessary 
to bear m mind that the rate of drying per- 
missible in any given instance is restneted by 
{a) the physical and chemical nature of the 
material, which put a limit to the rate at 
which heat may be safely applied ; and (h) by 
the cost of drying, since the plant mechanically 
most sound may not be most economical in 
practice It must always be remembered that 
the natuie of the mateiial governs the method 
of drying to be employed, and must bo eon- 
sideied befoie the question of mechanical 
etticiency 

'rhe various methods for ap{)lymg heat 
and for removing vapour aie indicated below, 
and m order to exjilam more definitely how 
these methods aie employed in prai'tice, bind 
descriptions follow of various types of diyine 
installations in actual use, and of the puiposes 
for which they are used 

Application of heat. In the mapuity of 
cases hot an is employed for conveying heat 
to the mateiial, and its use is attended with 
many advantages. An, although an extremely 
poor conductor, is an excellent absoiber of 
heat, the increase in volume lesultmg fiom 
tins jirocess naturally tends to disjiei-se this 
heat and to warm surrounding mateiials by 
convection ^rho mobility of the an enables 
it to come into intimate contact with the 
surface's of mateiials, theicby supplying the 
heat necessaiy to vapouiise the moisture ]\ 1 ost 
important of all, the heated air can be thus 
suji plied in huge or small amounts, at aii}^ 
desired rate and at uniform pressure, while any 
of these factors may be lapidly and easily altered 
at will 

Of the vaiious soujce^ of h<at, the cheapest 
is, of course, solar heat Owing to its un- 
leliability so far as quantity and contiiuiity are 
concerned, its diiect use is attended by consider- 
able risks Indirectly, however, it is of great 
value, in being the primaiy caus(‘ of natural 
air ciirients Drying dnettly by furnace heat 
obtained by fuel combustion is economical, but 
the method is restneted in use to drying those 
substances which are not sensibly affected by 
high temperatures For the commonest method 
of drying, by means of a warm blast of an, heat 
IS usually supplied by passing the air ovei the 
surfaces of radiators 'Fhese aie simply iron 
vessels, built to expose as much suiface as 
possible, and through the msides of which 
steam, hot water, oi hot gases aie jiassed Heat 
18 conducted through the non to the outer 
surface, and wairns the surioundmg air mainly 
by radiation 

The dmigers encountered in the application 
of heat result from the natuio of the mateiial, 
and the factors involved, which are briefly 
discussed below, naturally affect various 
mateiials to very diffeient degrees 

(rt) Rato of application of heat Although 
the amount of heat required to vapourise a 
definite quantity of water is fixed, yet if this 
heat be applied at a rate faster than that to 
which the material can accommodate itself, 
injury will result, e.g, wet bricks will crack 
unless the greater part of their water is first 
driven off at a slow andmniform rate. 

(&) Change in power of absorbing heat with 
loss of water As a material dries, its heat 
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capacity usually diminishes, and hence the risk 
of overheatmg increases as drying progresses 

(c) Uncertainty as to degree of dryness, 
which is often unavoidable 

(d) Local application of heat I’his is the 
usual cause of distortion and cracking, since 
most mateiials shrink as they dry, and local 
shrinking sets up strain fi’his makes it advisable 
to keep wet mateiial fiom actual contact with 
the Houice of heat, and to agitate the material 
to continually expose fresh surfaces, since 
evaporation is a puiely surface phenomenon. 

Methods for removal of vapour. The natural 
nudhod by which vapour is removed is by means 
of ( 17 ) cuDoitSy and, excepting in the case of 
the vacuum piocess, tins is the method upon 
which all aitiiicial piocesses for vapour removal 
are based 

The oidinary almoypho tc piocess foi drying 
utilises the natuial movements of the air, eg 
by utilising the action of the wund on floors, 
pans, gantiies, sheds, kv It lecjuires no motive 
power, but, being dejiendent upon vaiying 
atmosjiheric ( onclitions, it is not reliable 

in the e^hmosl process the moisture-ladcn an 
IS drawn away fiom the wet material quickei 
than gravity would peiform the lemoval 
For this puiposc a jiiopcllei oi fan is usually 
employed Since the opeiation is cained out 
under slightly reduced ])i(*ssiiie, vapouiisation 
proceeds quicker than it otheiwise would , on 
the other hand, the exhaust carries away the 
heat-bear ing medium fiom the material to be 
heated, and unless projier control is exercised, 
this defect may more than countei balance the 
increased late of removal of vapour 

In the lanutm piocess the mateiial is 
enclosed in an air-tight teceptacle, from which 
tlie air may bo exhausted to any desired extent 
Heat IS then applied, and the vapour pumped ofl 
as fast as it is jiroduced Considerables expeii 
ence is necessary in the apjdication of this 
process, which, proiieily applied, is highly 
ethcicnt and rapid 

in the phnum process the vapoui is removed 
by sujiplymg suiheieiit warm air to create an 
augmentation in an pressure A fan is usually 
employed for this purpose, and diymg must, 
of course, take plaie m an enclos(‘d room with 
regulated egress for the an 1 'his process is 
usually the best to employ, since it can be 
maintained stiictly undci (ontiol 

Drying installations. Drying floors. Natuial 
floois arc not often used, since serious difficulties 
arise as to heating, handling the material, and 
removing the vapour Haymaking affords a 
good instance of its employment 

Aihficml floors warmed by the products of 
combustion from a fuinace, by hot gases, oi 
by steam passing in flues or pijies beneath, aio 
a considerable improvement on natural floors. 
Advantage is taken in constructing them of 
any convenient sandy oi porous ground floor ; 
sand is put down if the natural ground is clayey 
These floom are used for drying china clay, 
calcium phosjihate, barytes, chalk, cement, and 
calcined quartz, materials which are not readily 
injured bj» excessive or irregular heating. 

Drying gantries or racks. These are em- 
ployed in order that as much surface as possible 
may bo exposed to air currents. Their con- 
struction assumes various forms. Accordmg to 
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circumstances, they may be either skeleton 
shelves, or racks, or props, &c Occasionally 
hot water or steam pipes are used as supporting 
racks, but their use is to be avoided as uneco- 
nomical, and tending to produce uneven drying 
and distortion 

Such substances as damp com, peat, raw 
rubber, chalk, bricks, and claywaro are fre- 
quently dned on open racks, while pigments 
in eoloui woiks arc often dried in open gantries 
of skeleton shelves 

iJrying sheds. Those are merely drying 
floors or gantries provided with roofs to keep 
otf ram and snow These sheds are best con- 
structed of light open framing m order to facili- 
tate the removal of vapour, and the more open 
it Ls on all sides the bettci, provided that the 
substance is not such that direct sunlight must 
bo excluded from it, e q rubber 8uch sheds 
are highly efficient in producing ‘ air-dried ' 
materials Bricks are often dried in sheds 
erected on drying flooi’s, while Chile saltpetre is 
dried in sheds without the application of artificial 
heat, as also are china clay and ochre in the 
quarry state 

Drying pans and troughs. Drying pans, 
correctly designed and handled, are very useful 
appliances T^he oldest commercial use of such 
pans IS in the evaporation of salt brine, which, 
as usually earned out, is not at all an eco- 
nomical process The pans are usually rect- 
angular, and each stands in its own shed 
They are directly heated, three or four fires 
being beneath each pan 

fSIiallow earthenware pans are of great use 
in the colour trade, the pigments being readily 
dried if the pans are carefully arranged on 
gantries in well- heated and ventilated chambers 

Scmi-cylindrical iron pans heated from 
below by gas or steam give good results in drying 
soft materials, especially powders They are 
most efficient when provided with revolving 
grids for mechanically stirring the wet material 
and with valve outlets at the bottom foi auto- 
matically discharging their dried contents 

Granulated sugar is dried in a type of 
troughed pan, through which passes a hollow 
conveyoi ’ carrying hollow paddles. Steam is 
blown through the conveyer and paddles. 
The trough is jacketed on one side, and through 
this jacket air is blown into the bottom of the 
trough. 4’ he sugar is fed into the hot end, and 
automatically carried by the heated paddles to 
the outlet at the cool end of the trough 

Kilns. These are buildings containing a 
furnace, the direct heat of which is used for 
drying materials by allowmg the products of 
combustion to pass through them For sub- 
stances which may bo strongly heated without 
damage, kiln-drying is an economical method of 
procedure, since the walls of the kiln are very 
effective in saving heat that would otherwise be 
lost ; but care must be taken to provide proper 
exits for the vapour 

A primitive t3rpe of kiln is one in which 
calcium phosphate is dried It consists of a 
plain rectangular brick building with a wooden 
roof. The floor is piled with wood, and the 
lihosphate placed upon it. Flues admit air for 
combustion and circulation Such a kiln will 
burn for from 2 to 5 days and dry from 1000 to 
1200 tons of phosphate. 


Kilns for drying clays, fuller s earth, barytes, 
and chalk are constructed upon the same 
principle, the fire being placed so as to prevent 
the ashes mixing with the material , the latter 
IS sometimes supported within the kiln on iron 
racks. 

A rotating bed dryer is in extensive use for 
drying materials which allow of direct lirmg 
The material is placed on a circular cast-iron 
bed, which slowly rotates on a vertical shaft 
The bed is coveied by a lire brick arch, into 
which the exit flue leads Heating is done 
directly by fires, and stationary blades fixed in 
the arch stir the material as it is drying The 
blades are fixed at such an angle that the 
material if^ slowly moved fiom the centre, 
above which the feed is situated, to the edge, 
where it ls automatically discharged This is 
a common type of diying kiln for ores 

Drying cylinders. This term includes those 
dryers in which the material to be dried is 
contained in a cylindrical tube, which is slowly 
rotated The essential feature of their con- 
struction is that the rotation of the cylinder 
affords the means of moving the material along. 
With suitable matciials and the necessary 
powci, cylinders will automatically deliver large 
quantities of uniformly dried product, with the 
minimum of labour and fuel consumption 
They are consequently extensively used, and 
many types of drying cylmdeis have been 
devised 

For materials that withstand high tempera- 
tures. the heating may be earned out by jiassing 
the hot gases from a furnace through the tube 
The latter is constructed of steel, and is mounted 
neaily horizontally (slope of 1 in 12), with the 
furnace at the lower end The feed is situated 
at the higher cold end, and the gases pass out 
through a flue at this end, connected with a fan or 
chimney As the material gravitates down the 
tube it IS diied, and on i caching the lower end, 
it drops out, quite dry, into trucks A modifica- 
tion of this construction consists in (Uiclosing the 
steel tube in a horizontal bnckwoik chamber 
and heating it externally by passing the furnace 
gases into this brickwork chamber, whence they 
pass through a senes of external hooded openings 
into the steel cylinder itself This arrangement 
allows of a more gradual and systematic heating, 
while dust and other objectionable parts of the 
products of combustion may be arrested prior 
to the gases entering the cylinders Besides 
these two arrangements, many others have been 
devised, each having its particular advantages 

Cylinder dryers arc very suitable for heating 
by steam, thus meeting the requirements of 
such substances as sugar, salt, soda, cocoa, 
coffee, &c , provided they contain not more 
than 26-30 p c. of moisture The drying cy- 
linder may be either steam-jacketed externally, 
or internally, or by both methods united The 
exhaust is best taken by means of a fan at the 
feed end of the cylinder. In using such dryers 
for sugar, they are employed in conjunction with 
a conveyer trough dryer {v. supra), into which 
the sugar falls after passing through the steam- 
heated cylinder. 

Drying rollers. These are heated rotating 
cylinders, with the outside periphery of which 
the material to be dried is brought into contact. 
They are made of steel, cast iron, copper, or 
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tinned iron, and are usually heated by passing 
steam or hot air through their interior 
Another method of heating consists in coating 
the cylinder externally with felt and rotating it 
in a polished iron bed, against the under surface 
of which steam is blown. The material to bo 
dried is automatically passed between the roller 
and its bed, and the rollers are usually arranged 
in series of two to eight 

The latter method is largely employed in 
laundry work, and the use or drying rollers is 
extensive in the paper and textile trades 

Drying tunnels. These consist essentially 
of a stationary passage through which the 
material passes either continuously or inter- 
mittently as the drying proceeds Drying in a 
tunnel is progressive from one end to the other 
Heat may bo applied either by direct firing or 
by heated air, which passes into the tunnel from 
beneath one end and tiavels along to the other. 
The warm air current usually travels in the 
opposite direction to that in which the material 
moves, but not always, as, for instance, m the 
drying of wool, where the pressure of the warm 
blast is utiliseii in blowing the material forward 
The vapour-laden air may be removed either by 
chimney, exhaust, or by pressure fan, while the 
material may be handled m a very large number 
of ways, according to circumstances This 
method of drying is economical, but the initial 
cost of plant is often considerable 

In drying timber, the material is carried on 
special trucks running on a tram track The 
air IS heated by moans of a heater coil fed with 
steam and situated under the track at the 
discharging end The air ascends, dries the 
timber, thereby becoming cooler and denser, 
and then, pressed forward by the incoming air, 
it gravitates into a large space beneath the 
feeding end of the tunnel and passes up the 
Hue. Wool IS dried in a tubular tunnel, being 
blown along by the warm air. Soap is dried by 
passing it on trolleys through narrow tunnels, 
usually arranged in fours, through which warm 
air IS driven by means of a propeller. In 
particular, bricks and clayware are dried by 
passing them through drvmg tunnels, for which 
urpose a very largo number of types of plant 
ave been devised 

Drying rooms. These are enclosed spaces, 
which are warmed by means of hot air, and into 
which the loader or discharger has to enter 
When not constructed of brick or stone, the 
material of the walls should bo chosen for its 
insulating qualities 

The expense attached to drying by this 
method is due largely to the manual labour 
required in handling the matenal, which anses, 
in most cascAS, from the fact that the peculiar 
properties of the material render it impossible 
to utilise mechanical methods. ' Since manual 
labour in a heavily moisture-laden atmosphere 
IS unhealthy, desiccation in drying rooms is 
restricted m practice to those materials for 
which the process is unavoidable. Such pro- 
ducts as hops, confectionery, leather, paper, 
textile fabrics, pottery, and rubber are dealt 
with by this metnod. 

The materials are supported in the most 
convenient manner within the chambers, and 
warm air circulated either through or over 
them. The warming of the air may be accom- 


plished either within or without the compart- 
ment, by means of radiators, and, if doiured, 
the same air can be used continuously in a 
circuit (compare the condensation process) 

Drying ovens. These are entirely enclosed 
drying chambers , the necessary heat for the 
purpose IS not generated within them, neither 
IS it necessary to enter them in order to charge 
or remove the material to bo dried Ovens can 
bo adapted to suit a wide range of conditions, 
and some of the mo=?t scientific and economical 
dryers are of this type 

A great variety of methods are available for 
the purpose of heating, since the heat is gtmerated 
outside the oven Products of combustion are 
readily excluded from the mateiial There is 
no necessity for the plant to cool down before 
tho dried product is removed, and hence heat 
losses are gieatly minimised Heat is applied 
to the material either by means of hot gases, 
usually hot air, or by direct conduction through 
metallic plates, as, for instance, in steam ovens. 
Vapour is usually removed mechanically, either 
by pressure or exhaust, but it may be pumped 
off, as, for instance, m all vacuum machines. 
Ovens are more efficient than drying rooms, 
since tho latter are frequently used for other 
purposes than drying, wheieas the former aie 
designed exclusively for drying. Only a few 
types of drying ovens can be heie desciibcd 

Laboratory ovens are rectangular boxes, 
constructed of copper, iron, or aluminium, which 
may be cither steam- or air-jacketed, or m simple 
ovens not jacketed at all The substances to 
be clued are supported on shelves inside. With 
air ovens heat ls applied diiectly at tho bottom 
of the oven or of the outer jacket. A ventilator 
situated at the bottom of the oven door allows 
air to enter, and one or more chimneys m tho 
Iid allow the warm vapoui -laden air to escape. 
A convenient method of heating, which can be 
readily controlled, consists m heating electrically, 
by passing a current through a number of resist- 
ance coils embedded m the jacket surrounding 
the oven (*9ee also Analysis, Vol T ) Re- 
movable tiay dryers are largely used for diymg 
tea, coffee, cocoa, cinchona bark, &c The trays 
are arranged in tho oven in a series of lows. 
Each tray has a separate slide, and is independent 
of the others, and each column of trays has its 
own regulating damper for the hot air The 
method of working is progressive, the wet 
material being first placed in the top tray of the 
column and passed downwards stepwise to the 
bottom The heat required is supplied from a 
multitubular furnace, which also produces the 
air current which aerates the matenal The hot 
air may bo allowed to rise through the matenal, 
or be drawn down by two centrifugal fans on 
either side of the centre through the substance. 
The latter arrangement is more readily controlled, 
gives a larger output, and effects a considerable 
saving in height A modification giving an even 
larger output consists in causing each horizontal 
line of trays, commencing with the lowest, to 
automatically tilt and discharge its contents 
into tho base of the dryer. For drying other 
substanbes than those mentioned above, many 
other types of tray ovens have been devised. 

SlidSng-panel dryers are used in laundries, 
and can also be adapted for drying yams, piece 
goods, &c. They consist of a row of vertical 
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sliding panels, built up with hanging rods to 
form rigid horses for the goods. Tliey are 
readily movable on runner wheels, and each 
panel may be withdrawn independently of the 
others, with the minimum loss of heat, as the 
back of the panel closes the outlet and thus 
reshuts the oven A hot-air blast is supplied 
from above, and after passing through the oven 
it dtscharges into the open. 

The Lennox: plate -oven dryer is a type which 
has many advantages, is compact, and occiijiias 
a small floor space The outer vortical cylindric al 
casing 18 built up m sections to allow for exten- 
sion and renewal A concentric cylindrical 
drum slowly rotates inside At each external 
section theie is a horizontal metal plate within 
the apparatus, and eaeh section plate contains 
a hole , these holes are not vertically above one 
another The material to bo dried is fed in at 
the top, falls on the first section plate, and is 
slowly stirred round by horizontal arms on the 
rotating centre dium till it roaches the hole in 
the plate It then falls through on to the 
next plate, is slowly stiried round till it falls 
on to the third plate, and so on, till it is dis- 
charged at the base Hot air is blown m at the 
base, and passes upwards into the central drum, 
from wliioh it issues, through numerous holes in 
its sides, passes through the material, and thence 
upwards and outwards 

A horizontal steam-jacketed eylmdneal oven, 
containing a very poweiful and thorough agitat- 
ing gear inside, is used for diying wet pasty 
materials like meat, hsh, &e. The inateiial is 
fed in at the top, and discharged as a dry, 
mealy powder through a manhoh' in the bottom 
The vapour is removed from the interior tlirough 
a Urge outlet duet operated eithoi by a fan or 
pump according to circumstances In vacuum 
ovens the removal of vapour by means of air 
or other gas(‘s m motion is discarded m favour of 
jmmping away the vapour fiom the warmed-up 
material, operating in a closed space and dimin- 
ishing the jiressuro within it to any desiied 
extent The oven must bo strongly built, and 
all joints must fit tightly to maintain the 
diminished pressure MTio material may bo 
supported inside in any suitable mannei, for 
instance, on steam-lieated grids The necessary 
accessories are a vacuum pump, a condenser foi 
the vapour and a receiver for the condensed 
water The latter is piovided with a sight 
glass m order to tell when no more water is 
given off by the material m the oven The 
effective working of such a plant depends 
largely upon the observance of various mechanical 
and engineering points , the chief feature of the 
vacuum process is the saving of time that it 
effects The oven may bo designed to suit 
either solids or liipuds, and provision may also 
bo made for effectively stirring the material 
during the drying process 

Desiccators. (Laboratory desiccators have 
already been described ) 

A large-scale desiccator is any type of drying 
machine, which, working by evaporation, cariies 
the degree of drying to the utmost possible ex- 
tent. In some of the types previously described, 
it is difficult to prevent thorough desiccation, 
and, m fact, to avoid dehydration and calcination, 
hut a numhor of machines have been devised 
for the effective desiccation of liquids and thin 


pastes, which work upon a common principle 
that may be briefly explained. It consists in 
spreading the liquid in a thin film over a heated 
metallic surface kept in motion, and, when the 
water has been removed, skimming off the solid 
residue with a knife. By suitable arrangements, 
this process can be made continuous, and it is 
employed on a large scale for desiccating milk 
to a dry powder A modified method of remov- 
ing the desiccated product is to cause the liquid 
to spread out on the upper part of an endless 
horizontal metallic belt, working over two rollers 
contained in a heated chamber under reduced 
iressure The heated liquid, being fed on to the 
iclt at one roller, is desiccated by the time it 
arrivos at the other, and, on the belt jiassmg 
over that roller, the dry powder falls into the 
delivery hopper beneath. 

Literature — Marlow’s Drying Machineiy and 
Practice, which contains a bibliography of Hio 
subject Sec also a jiapcr by K A. Alliott, 
J. Soc Chem Ind 1919, 38, 173 T. 

DESICHTOL. Trade name for ichthyol 
ammonia deodorised by hydiogen peroxide 
DESOXYCHOLEIC ACID v Cholic acid 
DESPYRIN. Salicyl taitanc ester 
DETONAL. Diethyl aci'tyl urethane 
DETONATORS v Explosives 
DEVARDA’S ALLOY. An alloy of alumi- 
niiim 4i>, copper 50, and zinc 5 parts 

DEVELOPED COLOURS, (bloiirs formed 
on the fibre by coupling an azo dye after 
fixing with a second component. V. Pkimuline. 
DEXTRAN p. Gums 

DEXTRINS When diastase acts 

on starch paste (gelatinised starch), maltose is 
the final product, but, intei mediate between the 
starch and maltose, various dextrins are formed 
as the reaction proceeds m sucecssivo stages 
These dextrins are colloidal amorphous com- 
pounds, and do not foim chaiac tens tic deriva- 
tives Th(‘y aie soluble m water, and precipitated 
by alcohol Only maltodextim, which is 
possibly the simplest of thorn, h.is been prepared 
in anything like a state of piiiity, and most of 
the other ilextiins described must be regarded 
as mixtures 

As diastatic hyd rolys h proceeds, the optical 
rotatory power diminishes, and the cupric- 
reduemg power increases Mfiic change is rapid 
to a ccitam point, but then becomes arrested; 
this behaviour is interpreted as proof of an 
essential difforenee between the higher and 
lower dextrins The constants of this stage of 
hydiolysis are [alj=lC)2 5°, K (cupnc-redueing 
power) = 48 3, and correspond to the conversion 
of four-fifths of the staich into maltose The 
remaining dextrin is hydrolysed with greater 
difficulty According to H. Brown, it cannot 
have a simpler formula than 40(OgHjQO5)H2O. 

The dextrin isolated from a starch conversion 
stopped at a stage which gives a deep brownish- 
red colouration with iodine is termed ertfthro- 
dextrin At a later stage iodine ceases to give a 
colouration, and the dextrin present is termed 
achrodextnn. These dextrins have httle or no 
cupnc-reducmg action,* this point being still 
undecided. 

Dextnns are also formed by the action of hot 
dilute mineral acids, or of heat alone on starch 
The final product m this case is dextrose instead 
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of maltose These methods are used for the I 
commercial preparation of dextrin 

Malfitano and Moschkoff (Coinpt. rend. 1912, 
164, 413-446) have found that starch may be 
converted into dextrin merely by desiccation 
When kept m vacud at 25° over phosphoiic 
oxide 28 1 p c of the starch was found to have 
become soluble in the course of 20 days The 
autliors conclude that the starch molecule is 
composed of dextrin complexes linked together 
by water molecules 

Oscar von Friedrichs (Arkiv. Kcm Mm 
Geol 1913, 5, No 3, 1-14) has studied the action 
of various yeasts upon the dextrms Generally 
speaking, dextrms with higher molecular weights 
are not so readily attacked as those with lower. 

Yeasts which split up a-methyl glucoside ar? 
capable of fermenting dextrms to a very limited 
extent, while Sacchsta 8uaveolens, which is 
known to ferment )3-methyl glueosidc, is found 
to ferment achioodextnns energetically The 
results support the view that /3-glucoside linkings 
are present m the starch and dextrin mole- 
cules. 

Crystalline dextrms may bo piepaied by the 
action of BacUlus maccicws upon starches 
(Schardinger, Centr, Bakt Far 1911, ii 29, 
188-107) By this method two dextrms desig- 
nated as a and have been isolated, both m 
crystalline form. 

A(‘cordmg to Langhans (Bcr. 1912, 45, 
2533-2516), botli forms are aeetylatcd by 
acetic anhydiido m presence of zme chloiidc, 
but scission of the rnoleeules occurs simul- 
taneously ; under this treatment the a- com- 
pound gives a he\a-acetate of a diamylose, the 
3- a nona-acetate of a tnamvlose, hydiolysm of 
the acetates yields a diamvlose and tiiamylosc 
respectively, both crystalline com]>ounds 

The piopeities of these ciystalhnc dextims 
have been fuithoi mvostigatod by Pringsheim 
and Fissler (Bei 1913, 46, 2050-2974, .see 
13 R B 2792.56, 1913), m which the dextims 
are piodueed by the action of Ihcdha waconns 
on starch and isolated by juecipitation with 
light petroleum 

In picseneo of a little platinum black as 
catalyst, ^glucosan, heated to 180°, undeigoes 
polymerisation, and is transformed into a wliite 
amorphous substance, which exhibits the 
characteristic properties of a dextrin and yields 
dextrose when warmed with dilute sulphuric acid 
(Pietet, Itelv. Chim. Acta, 1918, 1, 226) 

Maltodextrin r)(C 8 Hio 05 )H ,0 has[a]j+193 6°, 
Wn + lSl°; cupric-reducmg power, 42 These 
figuies agree with a mixture of 1 pait maltose 
to 2 parts dextnn ; but tho facts ( 1 ) that it 
cannot be separated into maltose and dextrin 
by dialysis, (2) that it is not foimentablo by 
yeasts, (3) that it ls completely converted into 
maltose by diastase, prove maltodextrin to be 
a definite chemical compound I’o prepare it, 
a starch transformation is earned out at 
until [a]j=d-198° The solution is boiled, 
concentrated to a sp gr of 1 06, and the 
maltose removed by fermentation. The solution 
IS filtered, evaporated to a syrup, and digested 
with alcohol first of 90 p c , and then of 85 p.c 
This last liquid is decanted hot, and tho alcohol 
distilled off, when maltodextrin remains ; it is 
punfied by fuithor treatment with alcohol. 


On oxidation of maltodextim with mercuric 
oxide, until the cupric - reducing power has 
disappeared, maltodextnmc acid ls obtained 
This behaviour proves maltodextrin to contain 
.in aldehyde group, but the change goes furtlu'r 
than the oxidation of this group to carboxyl 
((50,H), since it splits up tho teiminal (\o 
group into a 0^ acid residue, which remains 
attiched to the rest of the molecule, and a 
Gg residue which is eliminated 

(For a full account of tho decomposition 
pioducts of btaieh, ?’ Starc’ii ) 

Mannjackirc — The eommcuieal products 
known as solid dextnn, British gum, starch gum, 
&c , are mixtures containing vaiious dextims, 
together with caibohydiates (copper oxide 
reducing substances). They consist mainly of 
erythrodoxtrm, and accordingly give a brown 
locline colouration 

'riiey aie pieparcd (1) by the action of heat 
on dned starch ; (2) liy the action of heat on 
acidified dried starch 

The starch is first freed as much as possible 
from combined water by drying m suitable 
ovens, and then submitted to a temperature of 
212°-275° m rotating sheet-iron drums Tho 
heat IS supplied by hot oil, rape oil lieing fairly 
generally used, or by diiect fire When the oil- 
bath IS used, tho control over the temperatuie is 
greatest, and the coloiii of llie product can bo 
vaiied at will from white to daik blown When 
the drums aio hc'ated by diicet hie, they are 
m.ade to rotate on slightly inclined axes, the 
drietl starch being fed in at the higher end of 
tlio revolving cylinder and tho product dis- 
cliarged at the otlier Sheet-iion oviais are also 
used they aie const lucted singly or m sets 'I’lie 
heat is supfilied by a furnace, the heated an 
from which is di,\wn over the top of the ovens 
Tho material is kejit eontimially stirred by flat 
iron oars Boxes and trays are also iise.d as 
converters, and, indeed, the maker has only to 
consider the vaiiety and quality of pioduct 
loquiicd, and to remember that the diier the 
stanh and the lower the temperature of con- 
voiNion, the winter will be tho jnoduot, and, 
fuithcr, that different st.arches yield different 
products, i c behave differently when sub- 
mitted to the a( tion of heat, to enable him to 
eonstiuet an .apparatus that will suit his lequire- 
ments ft must also bo borne in mind that the 
conversion takes place more slowly at a low 
temperature 

The alternative method, m which less heat 
IS requiiod to yield a satisfactory product, is to 
spray or moisten tho starch either with a 
mixture of dilute nitiic and hydrochloric acids, 
or with each aeid singly, or with dilute oxalic 
acid The paste ls diicd and heated at 100°- 120° 
or to 150°, till the transformation is complete, 
as determined by the iodine test , it must then 
bo arrested promptly. 

Payen recommended 1000 lbs starch to bo 
moistened with 30 gallons water containing 2 lbs 
nitric acid (sp gr 1 38), tho mixture to be well 
kneaded, made up into balls, and dned in a 
hot-air chamber ; then powdered, spread on 
brass trrys to the depth of 1^-2 inches, and 
submitted to a temperature of from 110°- 120° 
in a hot-air oven. 

The heat method is that which was most 
commonly used on the Continent, whereas the 
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use of weak nitnc acid found most favour in 
this country. 

The products thus obtained appear in com- 
merce in the form of powders varying in colour 
from almost white to dark brown, through every 
shade of light yellow and brown They arc 
reduced to this state after roasting, by crushing 
in pans or passing through rollers, and then 
sifting through a rotatmg silk screen such as is 
used m flour mills 

Dextrins prepared from powdered starch are 
used by textile manufacturers and calico 
printers as vehicles for colours They arc also 
used for all kinds of gum, paste, sizings, and in 
the manufacture of paper boxes, wall paper, and 
for a variety of other purposes 

For a method of examination of commercial 
dextiin and related starch products, v Babmg- 
ton, Tingle, and Watson, .1 Soc (^hem Ind 
1918, 37, 2/57 T. 

On heating dry starch with formic or acetic 
acids, the starch nucleus is broken down and 
esters of dextims aie formed, whieh are soluble 
in cold water The proportion of acid fixed 
depends on the time of treatment After 15 
hours’ heating with glacial acetic acid at 90°, 
the product just ceases to give a blue iodine 
colouration, and the products of the further 
heating aie soluble m cold water When care is 
taken to exclude moLsturc, and the heating is 
continued for 2 or 3 hours only, using ecpial 
weights of starch and glacial acetic acid, an 
acetylated starch, known commercially as 
Ffcidose, IS obt^ned This behaves like starch 
towards boiling water, but the jelly does not 
revert on standing It forms very clear flexible 
films, and is saul to give better results than 
dextrin as a t(‘xtile finish {see Traquair, J 8oc 
Cliem Ind 1909, 28, 288) 

Dextrin synips find employment in a variety 
of mdustne^s They are prepared from staich 
by heating it with hydrochloric or sulphuric acids 
in precisely the manner alieady described for 
dextiose {v Oarbo hydrates), with the exception 
that conversion is stopped at a much earlier 
stage Thus in the modern American process of 
manufacture of corn syrup from maize starch, 
less than 10 minutes’ heating is required. The 
product evaporated to 42°-45° B forms a 
colourlass viscous syrup, having the composition 
water, 19 p c ; dextrose, 38 5 p c ; dextrin, 
42 0 p c. , ash, 0 5 p c 

In America corn syrup is used extensively 
in making confectionery, preserves, and table 
syrups, being jireferable to sugar or cane syrup, 
as the goods are not likely to gram 

According to Yano (J Chera Tnd Tokyo, 
1918, 21, 865), dextrin prepared by adding 10 
parts dilute nitric acid (5 parts of acid of sp gr 
1*4 and 95 parts water) to 100 parts of sweet 
potato starch, drying the resulting paste at 
about 50°, and heating it for an hour at about 
150°, is a suitable substitute for gum arabic as 
an adhesive 

Dextrin may also bo prepared by the action 
of malt extract on golatimsed starch. E F A. 

DEXTROFORM. A condensation product 
of dextrin and formaldehyde. 

DEXTROSE V . Carbohydrates. 

DHAK GUM V Kino. 

DHAURA, A gum obtained from Anogeisms 
latifolia (Wall ), It js extensively used m India m 


calico-printing ; it occurs in clean straw-coloured 
elongated masses, sometimes honey-coloured or 
even brown from impurities. As an adhesive 
gum it 18 inferior in strength to gum arabic. In 
India, the reputation of this gum stands high 
with the calico pnnters, especially of Lucknow, 
and it is probable it possesses some specific 
peculiarity justifymg the preference, since it is 
used with certain dyestuffs, such as with haldi 
{Curcuma longa [Linn ]), whilst gum arabic or 
‘ babul ’ 18 used witli madder {Ruhia cord 'i folia 
[Lmn ]) (Watts’ Economic Products of India). 
DHURRIN V Gltjcosides. 

DIABASE. This name was introduced by 
the French mineralogist A Brongniart, in 1807, 
for those vancties of basalt in which the light 
and dark minerals, respectively felspar and 
augite (or as ho erroneously supposed^ felspar 
and hornblende), are distinguishable to the 
unaided eye As actually defined by him, the 
term is therefore synonymous with the diorite 
of Hauy (1822), whilst with the correction of 
augitc for hornblende it becomes a synonym of 
the dolerite of Hauy (1822) In the latter 
sense it is used by some authors at the present 
time [v, Dolerite) Unfortunately, the term 
was re-defined by German petrographers, and 
it came to be applied to the ohier, or pre-Tertiary, 
dolerites, which difler from those of more recent 
date only m showing correspondingly more 
alteration, with the development of secondary 
minerals, such as chlorite In consequence of 
this, the name * diabase ’ is now applied by most 
English authors to a partially altered or weathered 
dolerite In this sense it has an economic 
bearing, since rocks of this class, being of wide 
distribution, are much quarried for road mend- 
ing For this purpose the fresher dolerites aie 
somewhat brittle, whilst diabases are tougher 
and more duiable, providing the decomposi- 
tion has not proceeded too far There is also a 
tendency to use the name ‘ diabase ’ in a loose 
sense, like the popular teims ‘ greenstone,’ 

‘ whinstone,’ ‘ toadstone,’ and ‘ trap-rock ’ 

L J S. 

DIABETIN. A trade name for a preparation 
of laevulose 

DIACETYL Ketones 
DIACETYLDIOXIME, DIMETHYLGLYOX- 

IME V Ketones 

DIACETYL MORPHINE v Opium. 

DIAL-CIBA. A trade name for diallyl- 
barbituric acid. 

DIALKYL BARBITURIC ACIDS v. Pyrimi- 
dines 

DIALLAGE. An important rock-forming 
mineral belonging to the monoclinic series of 
the pyroxene group It has the same composi- 
tion as diopside and hedcnbergite, 

Ca(Mg,Fe)(Si03)2 

but with the addition of alumina passes into 
augite It differs from the other members of 
the pyroxene group in possessing a fine lamellar 
structure, due to secondary twinning and 
partial alteration of the material. On the 
surfaces of foliation the mineral displays a 
shining metalhc sheen, and on this account it is 
sometimes used as an ornamental stone. The 
colour is grey, brown, or green. Diallage is of 
common occurrence as a constituent of gabbro. 

L. J. S. 
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DIAL06ITE. Manganese carbonate {v. Man- 
GANESB and Rhodochrosite). 

DIALURIC ACID, Tartronylarea 



prepared by reducing alloxan with zinc and 
hydrochloric acid, or with sulphuretted hydrogen 
at the tomporaturo of boiling water (Liebig and 
Wohler, Annalon, 26, 276), or with ammonium 
sulphide, when ammonium dialurato la obtained 
and IS readily converted into the acid by the 
action of hot dilute hydrochloric acid (Gregory, 
Chem. Soc. Mem. 1845, ii. 11). A mixture of 
potassium dialurate and oxalurate is obtained 
by adding potassium carbonate to a solution of 
alloxan containing potassium cyamde (Strecker, 
Annalen, 113, 53) , it is prepared by reducing 
alloxantin with sodium amalgam, or dibroino- 
barbituric acid with sulphuretted hydrogen 
( Baoyer, Annalen, 127, 12 ; 130, 133) Magmcr 
do la Source showed that dialuric acid is ob- 
tained by prolonged boiling of uric acid with 
water (Bull iSoc. chim 1875, 23, 529), oi it can 
be obtained from uric acid on gentle heating 
with hydrochloric acid and potassium chlorate 
(Blitz and Damm, Bor. 1913, 46, 3662-3665) 
Grimaux effected its synthesis by treating 
tartromc acid and urea with phosphorus oxy- 
chloride (Oompt rend 1879, 88, 85) 

Dialuric acid forms colourless short four- 
sided prisms, or narrow thin leallets with rounded 
ends, sparingly soluble in cold, more reachly so 
m hot water , turns red at 180^, m p 214°-215° 
(corr ) (Blitz and Damm, Ic 3664). The moist 
crystals or the aqueous solution rapidly absoibs 
oxygen fiom the air to form alloxan, which com- 
bines with the dialuric acid, foiming alloxantin 
The rate at which the change takes place is 
illustrated by the results obtained by Hartley 
(Chem 8oc Trans. 1905, 87, 1804), in an un- 
successful attempt to obtain the absorption 
spectra of dialuric acid ; 0 144 gram of pure 
dialuric acid was dissolved by agitation and 
warming in 100 c c of water, and immediately 
afterwards the solution yielded the same series of 
absorption spectia as a solution of 0 322 gram 
of alloxantin, dissolved in 250 c c of water 
Alloxantin is also foimed by mixing solutions 
of equivalent quantities of dialuric acid and of 
alloxan {cf Richter, Bcr 1011, 44, 2155-2158). 
Dialunc acid is monobasic, and, contrary to the 
statements of Meiischutkin (Bcr. 1875, 8, 760 ; 
Annalen, 1876, 182, 70), forms only one scries 
of salts of the type C4H3O4N2M' The sodium, 
potassium, ammonium, and barium salts are 
crystalline (Koech, Annalen, 1901, 315 ; Behrond 
and Friederich, Annalen, 1906, 344, 1) 

AcetyUialunc acid ^'q^>CH*OAc 

crystallises in white prisms or leaflets ; m p. 
210 °-212° ; gives a violet piecipitato with 
barium hydroxide ; forms the potassium salt 
CgHjOgNaKjHgO, and combines with alloxan 
to form acetyiaUoxantin CigHgOjNgjHgO, m p 
263°-265° ; hennoyldialuric acid CiiHaOjjN2, 
crystallises in prisms, m.p. 209®-210°, yields 
with banum hydroiade a white precipitate, 
tummg violet, and combines with alloxan to 
form benzoylaUoxantin CjjrHjQ0gN4,H20, or 
m.p. 253°-255® (Behrend and Frie- 
derich, Annalen, 1906, 344, 1-18) 

VoL. IL— T. 


Substituted dialunc acids of the type 
arc obtained by the 

condensation of alloxan with (1) aromatic 
ketone-s, e g phcnacyldialuric acid, where 
R=CgHg CO CH^— ; (2) aromatic amines, e g. 
p-amuiophenyltartronylurea, where 

R=NH, CeH4-; 

(3) pyrazolone bases, e 7 pheiiylmcthylpyrazo- 

NPh CO\ 

lonetartronylurea, where R— I ; 

NMo CMe^ 

(4) phenols, e.q p-hydioxyphcnyltaitronylurea, 
where R=OHCgH4 — . For the preparation 
and technical application of these compounds, 
see art Alloxan. 

Methyl dialunc acid (VIlg04N2 H^O may 
be prepared by 1 educing climethyl alloxantin 
with sodium amalgam, crystallises in lound 
clusters of silky needles or narrow lancet-shaped 
leaflets, m p 167^’- 168"^ (coir ), or directly from 
theobromine on careful tieatment with finely 
divided potassium chlorate in jiresence of 
hydrochloric acid crystallises in bundles of 
colourless glistening filaments, many of which 
widen to slender narrow leaflets The molecule 
of water is driven off at 110^-120° Fiom 
alcohol the acid crystallLses in anhydrous, stout, 
lustrous rhombohedra, m p 184^^-185® (Biltz 
and Damm, Ben 1913, 46. 3665-3667) 

Dimethyldxalunc acid 

obtained by reduciriL^ amalic acid (tetramcthyl- 
alloxantin) with vsulphuretted hydrogen (Maly 
and Andreasch, Monatsh 1882, 3, 92), 01 with 
sodium amalgam (Techow, Bcr 1894, 27, 3082), 
forms colourle^ss compact crystals which become 
led at 100° and decompose at 170° {cf Blitz 
and Damm, ibid 36()7-36()8) , the acicl crystal- 
lises with one molecule of watci, which is partly 
lost 111 vacuum and completely at 110° Tho 
hydiatcd acid has in p just under 100”, and 
decomposes about 210° The anhydrous acid 
begins to discolour at 190°, and has nip 218° 
(corr ) with decomposition It forms crystalline 
alkali salts, and reduces cold solutions of silver 
and cojiper salts 

iw- Dialunc acid 

or obtained by 

the action of bromine water on iso-bai bituiic acid 
ammouracil or hy- 
droxy xanthine (Behrend and Roosen, Bcr 1888, 
21, 999), crystallises m trimetnc prisms some- 
times a centimetre long (Weinschenk, Annalen, 
1889, 251, 243), is readily soluble in water, less so 
m alcohol , it loses one molecule of water of crys- 
tallisation at 100°. The other molecule, which 
IS regarded as water of constitution, is lost at 
140°- 150°, at which temperature the compound 
decomposes /.9odialunc acid is converted into 
dialunc aiid by the action of bases (Koech, 
Annalen, 1901, 315, 246) It yields unc acid on 
condensation with urea, reduces solutions of 
silver salts, and combines with hydroxylamine 
to form two isomeric oximino- compounds. The 

2 K 
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a- oxime forms shining platas or prisms, becomes 
led and decomposes at 100“ ; the )8- oxime 
crystallises in needles which do not become 
red at 110“ (Behrcnd and Kooseii, Annalen, 
251, 244). 

Methyh6odialuric acid (^pHgO^Nj., prepared 
by oxichbing metliyhsobai bitunc acid (Leh- 
mann, Annalen, 1889, 253, 80) with bromine 
water, ciystallises in loscttc-like aggiegates from 
watci, and in contradistinction to rsodialuiic 
acid, contains only 1 molecule of watei, which 
is regarded as water of constitution M A. W. 

DIAMIDOGEN BLACK, -BLUES v Azo- 

COLOiriUNO MATTERS 

DIAMINE BETA BLACK, -BLACK, -BLUE, 
-BRONZE, -BROWNS, -CUTCH, -FAST RED, 
-GOLD, -GREEN, -PINK, -ROSE, -SCARLET, 
-VIOLET, -YELLOW V Azo- colouring matters, 
Primuline. 

DIAMINES V Amines. 

DIAMINOACRIDYLBENZOIC ACID v. 

Acridine dyestuffs 

DIAMINOBENZENES. DIAMINOTOLUENES 

V . Amines 

4 . 4 -DIAMINOBENZOPHENONE t;. Ke- 

tones 

4 4 -DIAMINODIPHENYL - 3 . 3' - DISUL 
PHONIC ACID. Baizidim disulphonic acid v. 
Diphenyl. 

2 . G DIAMINOPHENOL 4 SULPHONIC ACID 

NHa 

IS obtamcil by icdueing a solution of sodium 
2 G-dimtrophcnol-4-sulphon.ito by zinc dust 
and hydroi'hloiic acid Used in the manufacture 
of azo d},es (Farb vorrn Meistcr, Lucius, and 
Biumng, 1) R P 148212) 

DIAMINOSTILBENEDISULPHONIC ACID 

may be prepaied by adding 7inc dust to sodium 
p-nitiotoluene sulphonate in a hot solution of 
caustic soda, until the lujuid is deeolouiised, 
idtcrmg and acithfying with hydioehloiie acid 
The precipitated diaminostilbenedisulj)hoinc acid 
may be purified by le-solution in sodium 
carbonate, and reprccipitation with acid (Leon- 
hardt and C^o D R P 38735 , cf Bendei and 
Schultz, Ber 1880, 19, 3234) May also be 
obtained by i educing dimtrostilbcncdisulphonic 
acid with ferious hy dioxide and ammonia 
(Giecn and Wahl, Eng Pat 5351, 1897, Ber 
1897, 30, 3100) 

DIAMOND. Carbon crystallised in the cubic 
system The contrast presented by the physical 
chaiactcm of the two forms of eiystalhsed 
caibon — diamond and giaphite — is very striking 
Diamond is the hardest of minerals, and, indeed, 
of all known substances, but at the same time 
it 18 very brittle, on the other liand, giaphite 
is one of the softest of minerals, and it is flexible 
and melastic The one is colourless and trans- 
parent and a bad conductor of electricity, whilst 
the other is black and opaque and a good 
conductor. There is also a considerable differ- 
ence m density, diamond, 3 52 ; graphite, 2 26 
*"*IThe name diamond, m French and German 
Dtamant, and similar m most other European 


languages, is a corruption of the Latin Adanias, 
which was used for this mineral by Manilius 
(a.d. 1G) and Pliny (a d 100) This came fioni 
’ASd^ay, meaning mvmcible, a woid applied 
by the Giceks to haid metals and stones The 
similar name adamantine -spar was used by 
the chemist Joseph Black for coiundum. 
Although diamond and coiundum are numbcied 
respectively 10 and 9 in the mineidlogist’s scale 
of haidness, and with no othci mincial falling 
between the two, yet, as shown by abrasive 
tests, chamond is 140 times harder than corun- 
dum, and more than a thousand times harder 
than quartz (No 7 on thci scale) It is on this 
high degiee of haidness that all the technical 
applications of diamond depend , and a faceted 
gem never shows any signs of wear. Lapidaiies 
asseit that stones from Borneo and New 8outh 
Wales are liardei than those from other localities. 

Ciystalline Form — Cr^-stals of diamond aie 
almost always found singly and with faces 
developed on all sides , thus indicating that 
they grew freely from mchvidual centies in 
some surrounding mechum By far the com- 
monest form IS the legular octahedion, the 
faces of which are often delicately marked with 
minute triangulai pits or ‘ etched ligures,’ whilst 
the edges aic neaily always lounded and often 
marked with a pionounced fuiiow Otliei 
forms aie a hexakis-octahedion (six-faced 
octahedron), and less (Jten the ihoinbic-dode- 
cahedion and the cube, while ciystals of dLS- 
tinctly tetialiediMl h.ibit ai(‘ raie Nevertheless, 
it is probable that ciyskils of diamond are leally 
hemihedral (tetrahedral- cubic) , the apparent 
octahedion com is ting of two tetrahedia inter- 
penetiating m twinned position Jlistnic tly 
loimcd twinned crystals aie not uncommon. 
These aie contact- twins with a face of the 
octahedion as twin-plane, and the two indi- 
viduals flattened parallel to this plane, giving a 
triangulai plate with le-cntrant angles at the 
three coiners These aie known to the Dulch 
cutters as ‘ naadsteenen ’ (sutuie-stones). Jn 
addition to the louiided edges, noted above, the 
faces themselves aie often curved, sometimts 
to such an extent that the ciystals arc almost 
spheiical in foim This rounding, as well as 
the etched figures, indicate that the crystals 
have been coriodcd subsequent to their growth 
An impoitant crystallogiaphic chaiacter of 
diamond is the existence of perfect cleavages in 
foil! diicctions parallel to the faces of the 
octahedion (On the crystallography of dia- 
mond, V A Fersmann and V Goldschmidt, 
Der Diamant, Heidelberg, 1911) 

Physical Characters — In its ojitical charac- 
ters, diamond is remarkable for its very high 
refiactive and dispeisive powers, the indices 
being for led light (B) 2 40735, yellow (D) 
2 41734, violet (H) 2*4G47r>, and the dispersive 
value (H-B) 0 05741 ‘Jdio ciitical angles of 
total reflection coi responding with these indices 
are 24“ 33', 24“ 26', and 23° 56', lespectively. 
The angles between the facets of the brilliant 
form of cutting adopted for the diamond are so 
arranged that a ray of light entering the gem 
by the front facet will meet the back facets at 
a greater angle than the critical angle, and will 
be mternally totally rejected, passmg out again 
from the front of the stone, and wi& a chance 
that rays of different colouis will be separately 
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ected A cut stone, ^thei^dore, shows much 
illiancy or ‘ fire,’ together with flashes of 
ismatic colours Corresponding with the higli 
ractive index, diamond displays a high degree 
lustre, which is of the equality known as 
damantino ’ lustie Uncut stones, especially 
len not quite clear, and with rough rounded 
rfaces, present a peculiar and veiy character- 
ic lead-grey metallic appearance When pure, 
itnond 18 without colour and perfectly tians- 
-rent The best stones aro described as of the 
list water ’ or ‘ blue- whites.’ More often 
ere is a tinge of colour (‘ off-coloured ’ stones), 
ually p<ilo j^ellow, brownish, grey, or greenish, 
ones of a good canary-yellow, cofft^c- blown, 
black colour are not uncommon, but those of 
•h shades of green, blue, or red are veiy rare. 
10 nature of the colouimg mattoi is unceitain, 
it it IS probably moigamc {eg non and 
.anium in the brown stones) Changes m 
ilonr may bo effected by the action of heat or 
{ exposure to radium emanations Crystals 
diamond being cubic, they should be optically 
Dtropic, but when examined under the polaiis- 
g micioscopo they aie fioquently seen to possess 
lomalous double refi action, especially around 
iclosuros m tlie stone This is due to a state 
stiain, which in some stones is so gicat that 
ey burst Phos])horesccnce is leadily [U’oduccd 
diamond by the action of sunlight, ultia- 
olet, Kontgeii, cathode,* and ladium lays, or 
mply by lubbing (tidiolummesecnee) Dia- 
ond Iieeomos positively elei trilled by fiietion 
j IS very transparent to tlio Rontgen rays ; 
liilst gl.uss imitations are opaque Being a 
■)od eoiiduotor of lu'at, it can be distinguisluMl 
om < 1 , glass imitation by touching with the tip 
[ till* tongiK*, diamond foiling mu(4i colder 
lan glass 'I’lio specific heat is less than that 
f graphite, and it mcieasos ia]ndly with tlio 
)mperature 

Chonical Chaiatters — The combustibility of 
lamond was first proved expciimentally by the 
'lonnitme Academicians in 11)94 Lavoisiei, m 
772, found that the picscnce of an was neces- 
iry, and that ‘ fixed air ’ lesultcd , but it was 
mitlison Tennant, in 1797, wlio first proved 
fiat equal weights of diamond and carbon 
iclded equal weights of laibon dioxide Moie 
onvincing expeiiments in thrs direction have 
icon made by Davy, Dumas and Stas, A 
vrauso (ISDO), and 11 Moissaii (1893) Powdcied 
liamond burns readily m air at a red heat 
loissan determined the temperature of ignition 
11 oxygen to bo b9()”-790° , aecorcJirig to Joly, 
b is 850° ill air It burns with a small ])ale- 
)luo flame, and m oxygen is able to suppoit 
bs own combustion It is infusible even m the 
lectric arc ; and it can bo heated at high 
emperatures (1500°) without alteration in 
various gases (hydrogen, nitrogen, sulphur 
lioxido and trioxide, and nitrous oxide) In 
;arbon dioxide, however, at 1200° the crystals 
tre corroded, with formation of caibon monoxide 
t IS unattacked by acids, caustic alkalis, jodic 
inhydride, hydrogen potassium sulphate, or a 
nixture of sodium chlorate and nitrie acid, but 
8 oxidised when heated to 180°-230° in a mixtuio 
)f potassium bichromate and sulphuric acid 
[n fused potassium nitrate or sodium carbonate 
it about 900° small etched figures are slowly 
produced ; at 1200° the action is more rapid 


caibon dioxide being liberated. Jt is acted 
upon by sulphur vapour at 900 ’ , and it com- 
bines with iron, yielding steel Cijstals aio 
etched by molten olivine (magnesium silicate) 
TIio fact that diamond gives with oxidising 
agents only caibon dioxide, whilst graphite 
yields graphitic oxide has led to the suggestion 
that these two forms of carbon aie. ehenucal 
isomerides Observations at higli tempeiatiires 
are somewhat contradictoiy ; a meie blackening 
of the surface has often been observed, but not 
always confiimed 0 Doelter (1911), with 
crystals packed in ihaicoal or thorium oxidi* 
and heated to 2500°, obtained only a supeiticial 
blackening without .iny alteration in the phj^sical 
characters of The mateiial Moissan (1893), 
however, records the convcisiun into graphite 
at the tempeiatuio of the eleetiie aic (about 
3()00 ’) ; and Pai-sons and Swinton (1907) found 
that a diamond placed in the toons of cathode 
rays ?// mend swelled up into a eoke-like mass 
when the tcmperatuie readied 1890° In this 
connection the occuiieneo of cubes of giaphito 
(chftomte) in meteoiic irons is signilicant, 
these have been supposed to bo paiamorphs 
aftei diamond 

The asli icmaming when diamond is burnt 
amounts, for colouiless ciystals, to 0 02-0 05 
p ( , but in the less puio cai boiiado it may leacli 
4 8 j) o It consists mainly of non oxide and 
silica, with some lime, magnesia, and titanium 
The non and titanium may icqiuvscnt the colour- 
ing mattci piesent m the stone , but the fr('f|uent 
provseiice ot minute en( losuies m diamond is not 
to be oveilooki'd In addition to liquid enclos- 
ures ((aibon dioxide and water), the following 
mateiials have b(‘cn recorded . black car- 
bonaceous matter, ilmemte or hccmatite, c^uartz, 
lutile, non-pyiites, gold, chlorite (i*), apoph}/Uite, 
&c 

Va)uti(<i — DilTermg in certain points fiom 
the geneial ehaiacters (‘numerated above, there 
aro two varieties of diamond — boit and cai- 
bonado — which, for tc'dimcal j)ui poses, aie moio 
im]>ortant than the jmiei ci>btaU used for gems 
Tlmse aio civstallme aggrc‘gatcs, as distinct fiom 
single well-developed crj^stals 

JioU (l)oait oi boort) consists of a numbei 
of individual ciystals with a ladial grouping 
around a common centie, giving use to lounded 
exteiioi foims These aie sometimes (pnte 
spheiical (‘ sliot-boit ’). They are usually lough 
on the exteiior, it being only heio that the 
fibres, or individual crystals, have been fiee to 
develop crystal faces — m the mtiuior these have 
mteitered with each other’s growth Although 
each individual possesses the cleavage chaiacter- 
istic of diam 011 ( 1 , yet for tho whole mass there 
18 no continuous cleavage. For this reason, 
bort IS tougher than the single crystals, which 
readily split along tho cleavage cbicctiuns, and 
IS thus better adapted for boiing, turning, and 
cutting tools This, no doubt, is the explana- 
tion of tho common statement that bort is 
harder than diamond ; further, since m ciystals 
the degree of haidness vanes with the direction, 
a chanco section of bort will present both 
maximum and minimum values. The rounded 
pieccjs of bort are translucent to cloudy and 
opaque. They are grey or black with a gieasy 
to metallic lustre, and, usually, a peculiar 
leaden appearance ; sp.gr. 3*60. In the trade 
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the term bort also mcludos fragments (such as 
those obtained by bruting), and all crystals and 
stones that are useless for gem purposes. Such 
material is of value as an abrasive, but not for 
tools. 

Carbonado, or ‘ black diamond ’ (known in 
the trade as ‘ carbon ’ or ‘ carbonate ’), is a 
finely granular crystalline material, dull, black, 
and opaque, and often more or less porous, with 
somewhat the appearance of coke. It forms 
irregularly -shaped masses, and consists of a 
contused aggregate of minute crystal grains of 
diamond. Jt therefore presents no cleavage as 
a whole, and is consequently tougher and less 
frangible than crystals It is less pure than 
ordinary diamond, yielding more ash (up to 
4 8 pc) when burnt An analysis of the ash 
gave Fe.O, 53 3, SiO^ 33 1, OaO 13 2 p c , 
MgO trace The sp gr is less, 3 15-3 34 (the 
value for crystals being between the limits 
3 51G-3 525) The largest known piece of 
carbonado was found in Rahia, Brazd, in 1895 
It weighed 031 9 giams, that is, slightly more 
than the famous ‘ Cullman ’ diamond (which 
weighed 621 2 grams) Both carbonado and 
bort show considerable variations in texture, 
and with increasing coarseness of grain they 
may pjiss lasensibly into ordinary diamond 

Occuirencc — India, from very remote times 
until the middle of the eighteenth century, was 
the only source of diamond (with the unim- 
portant exception of Borneo) Since the dis- 
covery of the Brazilian and South African 
deposits the output has gradually fallen off, 
amounting m 1916 to only 20 carats The 
secondary deposits have, however, only been 
worked by native methods, and the original 
deposits have not been discovered. Indian 
diamonds, being of the best gem-quality, there 
IS thus a possibility of further developments. 
They occur associated with pebbleij of jasper 
and voin-quartz in thin beds of conglomerate 
in the ancient sedimentary rocks (sandstones 
and shales) of the Vmdhyan system (probably 
pro- Cambrian), which rest directly on the 
crystalline rocks With the weathering of these 
strata, the diamonds are left on the surface or 
are accumulated in the alluvial deposits of the 
resent rivers The distiicts where mimng 
as been done fall into three main groups : a 
southern group in the basins of the Pennar, 
Kistna, and Godavaii rivers , an eastern group 
m the Mahandi valley , and a northern group 
near Panna in Bundelkhand A doubtful 
occurrence of diamond in pegmatite has been 
described from Wajra Karur near Bellary , 
and, unfortunately, nothing is known as to 
whence the diamonds found in the ancient 
sedimentary rocks were derived (On Indian 
diamonds, v Manual of the Ceol of India, 
vol 3, Economic Geology, 1881, by V. Ball , 
vol. 4, Mineralogy, 1887, by E R Mallet ) 

In Brazil, diamonds were discovered about 
1725 in the alluvial gold-washings at Tejuco 
(now Diamantina) in Minas Geraaes , and, 
although they have been since found in several 
other districts, notably in Bahia, this has 
remained the principal diamond-mining centre. 
Here, as in India, the diamond- bearing alluvial 
deposits have been derived from conglomerates 
and sandstones (including the flexible sandstone 
known as itacolumite) of considerable geological 


ago, and the original rock from which these were 
derived is not ^own. The Brazilian deposits 
are, however, remarkable for the variety of 
mmerals found as well-worn pebbles (‘ favas ’) 
in association with the diamond ; and the 
nature of these minerals, or indicators, has led 
to the suggestion that they, together with the 
diamonds, ongmally came from quartz-veins. 
(On Brazilian diamonds, see Mmeralogical Papers 
by O. A Derby and by E Hussak , also E Hus- 
sak. Os Satellites do Diamante, Rio de Janeiro, 
1917 , H. Preston, J. Soc. Arts, 1909, Ivm 101.) 

In Saidh Africa, diamonds were first dis- 
covered in 1867 near Hopetown on the Orange 
River. In 1868 the important workmgs (‘ nver 
diggings ’) on the Vaal River were commenced ; 
and m 1870-1871 the diamonds were traced to 
deposits of an unique typo, in the neighbourhood 
of which the town of Kimberley in Griqualand 
West, Cape Province, very quickly sprung up. 
Here are situated the famous mines Do Beei*s, 
Kimberley, Dutoitspan, Bultfontem, and Wes- 
selton Other mines of the same type aio the 
Jagcmfontein and Kolfyfontem mines in Orange 
Free State, and the great Premier mine (dis- 
covered in 1902) near Pretoria in the Transvaal. 
The diamond -bearing rock of these mines fills 
volcanic pipes, 200-300 yards (in the case of the 
Premier mine half a mile) across, penetrating 
vertically the suiroundmg beds of basalt, shale, 
diabase, and quaitzite, and extending to un- 
known depths 3'he rock, known as kimberlite, 
or locally as ‘ blue ground,’ consists mainly of a 
hydrated magnesium silicate with muen the 
same composition as serpontme It contams 
boulders and broken fragments of various rocks 
(basalt, shale, sandstone, quartzite, gramte, 
mica-schist, eclogito, &c ) and minerals (ilmcnite, 
pyrope, enstatito, chrome-diposide, iron-pyrites, 
&c ), and IS of the nature of a volcamc agglo- 
merate. Diamond is present in this rock on 
an average of one pait m forty millions, and iii 
the richest part of the Kimberley mine one part 
in two milhons Numerous pqies of a similar 
character, but contammg few or no diamonds, 
are scattered over a wide area in South Africa 
The diamond was bi ought from below up with 
the Igneous material, which must have been 
derived from a basic magma rich in olivine. 
Although the origin of diamond has been the 
subject of much discussion, there seems no 
reason to doubt but that it crystallised from this 
basic magma The rare presence of diamonds 
embedded in boulders of eclogito (a garnet- 
pyroxene rock) found m the blue ground has 
led to the suggestion that this is the mother- 
rock ; but it IS quite conceivable that the 
mineral crystallised from more than one kind 
of basic magma 

The early open workings (‘ dry diggings ’) 
at the Kimberley mines were soon replaced by 
a regular system of underground mining. The 
blue ground, when brought to the surface, is 
either directly crushed or is spread on floors and 
exposed to the action of the weather for about 
a year, when it is crumbly enough to enable 
the heavy minerals to be separated by washing. 
From this concentrate the diamonds are sepa- 
rated by means of a mechamcal sortmg tanle 
coated with grease, to which the diamonds 
adhere, whilst the other minerals pass over. 
Finally, the stones are cleaned by boilmg in a 
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solution of caustic soda and in aqua regia or 
hydrofluoric acid Diamonds also occur in 
gravels m the Somabula Forest in Southern 
Rhodesia, and kimberlite pipes have been 
described as present in this region In 1908 
large numbers of small diamonds wore found m 
the sand-dunes on Ludentz Bay m South-West 
Africa ; in this case the source of the diamonds 
have not yet been traced The output of South 
African diamonds amounted m 1913 to over 
five million carats (approximately one ton), 
valued at 11,389,807/ (On South Afiiean 
diamonds, v G F Williams, The Diamond 
Minos of South Africa, 2nd edit. New York, 
1907 , P A Wagner, The Diamond Fields of 
Southern Africa, Johannesburg, 1914 ) 

Other diamond-producing countries of less 
importance are Borneo, New South Wales, and 
British Guiana^ Finds have been reported 
from many of the states of North America, in 
British (blumbia, Mexico, Dutch Guiana, 
Russian Lapland, the Ural Mountains, Siberia, 
China, Western Australia, South Australia, 
Queensland, Tasmania, Belgian Congo, Gold 
Coast, and Liberia In most of these cases the 
mineral has been found as a few scattered stones 
in alluvial gold washings But in Arkansas and 
British Columbia it has been found in an altered 
(sorpentinised) peridotito of much the same 
character as the South African ‘ blue ground ’ 

The presence of diamond m certain ynetcoutes 
IS of special interest It was first observed in 
the stone which fell on September 4, 188(>, near 
the village of Novo-Urei on the Alatyr river in 
Govt Pensa, Russia Tins atone is composed 
of olivine (97 5 pc) and augite (23 8 pc), 
together with nickel-iron, troilite, chromite, 
black carbonaceous matter, and about 1 p c 
of diamond, the last as minute greyish grains 
As dull black grains it has also been found in the 
meteoric stone of Carcote, C’hili In several, 
though not in aJl, of the masses of meteoric 
iron irom Canon Diablo m Arizona, it has been 
found as colourless crystals, and as black and 
colourless grains, the laigest 1 mm across It 
IS also recorded from the meteoric iron of 
Magura, Hungary The cubic form of graphite 
(cliftonite), probably a pseudomorph after 
diamond, has been found m the meteoric irons 
of Youndegin (Western Australia), Smithville 
(Tennessee), Crosby’s Creek (Tennessee), and 
Magura (Hungary) 

Origin and Artificial Production — The occur- 
rence of diamond in acid igneous rocks and in 
quartz -veins is very doubtful On the other 
hand, its presence in basic igneous rocks is well 
established ; c in kimberlite and eclogite in 
South Africa, in seimentiniscd peridotite in 
Arkansas and British Columbia, and m diabase 
in New South Wales ; whilst in meteoric stones 
the matrix is also of the same general character 
In these cases the diamond is very probably 
present as a pnraary mineral, and one of the 
first constituents to crystallise out from the 
basic silicate magma In addition, we have 
the occurrence of diamond in the mckel-iron of 
meteorites This may be regarded as a magma 
of a still more basic type, and it is thus probable 
that diamond may crystallise from basic 
magmas of widely vaiying composition 

Many attempts have naturally been made to 
constrain the abundant element carbon to 


crystallise as the rare and valuable diamond, 
but, as yet, with no great measure of success. 
The results have m many cases been doubtful, 
and have often not been confirmed. The pro- 
ducts are always microscopic and their identifi- 
cation: a matter of difficulty In some cases the 
very hard carbides of silicon, &c , have probably 
been mistaken for diamond The experiments 
of I Fricdlander (1898), and of R. von Hasslinger 
(1902-1903), in which carbon was dissolved in 
molten magnesium silicate (olivine or kimberlite), 
bear some relation to the natural occurrences, 
but doubts have been expressed as to whether 
the microscopic crystals so obtained were really 
diamond E de Boismenn (Fabrication synth6- 
tique du diamant, Pans, 1913) states that ho 
obtained crystals up to 2 mm across by the 
electrolysis of fused calcium carbide The only 
method, however, that has been amply confirmed 
IS that first iisecl by R S Marsden (Proc R. 
Soc. Edinburgh, 1881, xi 20) and elaborated by 
Moissan (1893-1890 , Le Four electriquc. Pans, 
1897 , and The Electiic Fumaco, London, 1904), 
in which carbon is dissolved m silver or iron 
at a high temperature and the mass suddenly 
cooled by immersion m water or lead A con- 
tracting crust iH so formecl and the molten interior 
subjected to great pressure 8ir C A Parsons 
(Bakerian Lecture, Phil Trans 1919, A 220, 07, 
anclj Inst Metals, 1918, xx ) from a long senes of 
experiments, however, concludes that pressuie is 
not a necessary condition, and that the diamond 
has been formed from gases, jirobably carbon 
monoxide, occluded in the iron. O. Ruff 
(Zeitsch. anorg (Jiern PJ17, 90, 73), in a syste- 
matic repetition of the various methods, also 
obtained negative results excejit by Moissan ’s 
method The presence of microscopic diamonds in 
certain kinds of hard steel should finally bo noted. 

Applications — The value of diamond as a 
gem depends on its high decree of hardness, 
enabling it to resist wear, and its high refractive 
and dispersive power These optical characters 
are, however, only brought into full play when 
the stone is faceted in a particular manner ; 
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and for this reason, old stones cut by Indian 
lapidaries have often been re -cut The form 
most SI itod for this purpose is the bnlhant-cut, 
and stones so cut are known as brilliants The 
rose-cut, or rosette, is only used for quite small 
stones usually mounted in number as a surround. 
The accompanying figures show a brilliant 
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viewed on the large front facet, or table, and a 
sido-viow , and the roeo*cut, viewed from above 
and the side. Being the hardest known material, 
diamond can only be worked very slowly and 
tediously with its own powder The ground- 
form of the brilliant is approximately an octa- 
hedron, and this can be obtained, if necessary, 
by cleavage, or more safely by the modern 
method of sawing with a thin metal disc chaigcd 
with diamond dust The brilliant is then 
roughly shaped out bynubbing two diamonds 
together — a process known as bruting The 
lma|^ grinding and polishing of the facets is 
performed on a rapidly revolving cast-iron disc 
fed with diamond dust and olive-oil 

The largo historical diamonds with then 
associations of mystery and romance are mostly 
of Indian origin , but these are now eclipsed 
by the numerous, much larger stones found in 
South Africa The largest Indian stone still 
preserved is the ‘ Koh-i-noor,’ which was re-cut 
m Enghind in 1852 as a brilliant of 106/^ carats ^ 
(=21 780 grams). The largest Brazilian stone, 
the ‘ 8tai of the South,’ found in ISO.*!, weighed 
in the rough 264^ ‘ carats,’ and when cut 125 
‘ carats ’ 'Fhc largest known crystal of diamond 
18 the ‘ (hillman,’ which was found in 1905 in 
the Premier mine, Transvaal This showed a 
largo cleavage surface, and was only a portion, 
probably about half, of the complete crystal 
The portion as found weighed 621 2 grama 
(8100 metric carats, or nearly 1 lb 0 ozs avoir- 
dupoi^i) Being too large to cut as a single 
stone, it was cleaved and cut as nine larger 
gems (weighing from 100 04 to 0 88 grama) and 
mnety-six small brilliants, the yield of cut 
mateiial amounting to 84} p c The ‘ Cullman,’ 
although the largc-st crystal, is not the largest 
piece of diamond that has hitherto been dis- 
covered A mass of carbonado weighing 631 9 
grams was found in 1895 m Bahia, Bia/il 

As an abrasive, diamond powder is the most 
effective agiuit available Jt is the only mateiial 
with which diamond itself can bo worked, and 
it IS much used by lapidaries for cutting other 
h.ird stones A thin disc of soft iron (diargcd 
on the edge with diamond powder is used for 
sawing stones, both for ornamental purjioses 
and in the preparation of thin microscopic 
sections of rocks The simill steel tools used by 
engravers of cameos and intaglios, and also the 
steel points used for boring precious stones, Ac , 
aie charged with diamonil dust The matcu’ial 
used for abrasive purposes, though included m 
the trade under the term bort, consists largely 
of the waste material from shaping the better 
stones as brilliants, and also the less clear and 
spotted crystals not suitable for cutting as 
gems It 18 crushed in a diamond-mortar, 
splinters suitable for other purposes being picked 
out under a magnifymg-glass, and the remainder 
reduced to a fine powder 

The glazier’s diamond is a crystal or frag- 
ment bounded by two rounded crystal-faces 
meeting in a curved, or ciisped, cutting edge 

^ This was the old English carat of 205 400 mg A 
later value of the English carat, as defliied by tne Board 
of Trade in 1888 and 1880, was 205 304 mg The carat- 
wcight has now been standardised in all countries as 
the metric carat of 200 mg (5 carats — I gram) This 
is the only lega« value of the carat in the British Isles 
since April 1, 1014 


For writing, drawing, and engraving (c.y. fine 
scales and rulings) on glass, metal, stones, 
ivory, &c ) fine splinters are used, or the 
diamond may he cut to a rounded jiomt or 
chisel-edge Diamond points are also used for 
drilling hard stones, glass, porcelain, teeth, &c 

Carbonado and bort, by reason of their 
absence of cleavage, are much more suitable 
tlian ordinary diamond for mounting as small 
fragments (2-3 carats in weight) as cutting 
tools which may be subjected to shocks 'i’hese 
are mounted in the crowns of rock-drills, used 
in tunnelling, mining, and sinking bor(*-holes for 
artesian wells, &c , and on the edges of blade, 
band, circular, or wire saws for sawing laige 
blocks of marble, granite, &c Fr.agmcnts, 
either in a rough form, or fashioned to a suitable 
shape, are mounted as lailio tools for woiking 
stone, metal, (fee For example, for turning 
olectriG-light carbons, the edges of watcli-glasses, 
finishing accurate turning work of the hard 
steel axles of instruments and machines of pre- 
cision, boring cannon, foiinmg the shaip-edged 
furrows on the giinding suifaces of millstones, 
for dressing emery wheels, &c 

Small cleavage plates or flat ciystals of 
diamond drilled from eaeh side with hne conical 
holes aie used for drawing fine wiie, down to 
0 01 mm m diameter For the tantalum, 
tungsten, and osmium hlamonts of electric 
lamps the metal is foiccd by pressure through 
the hole Bored diamonds aie also used for the 
pivot-supports of delicate instruments, such as 
chronometers, clectiie meters, &c 

Tile application of diamond for optical 
purposes IS limited t he lugh cost and difheulty 
of working Diamond lenses would need to 
have a inucli slighter curvature than those of 
glass, and they would be immune fiom scratch- 
ing Microscope objectives with such lenses 
were constructed by Pritchard under the direc- 
tion of 0. K Goiirig, in 1824-1820 A hemi- 
sphere of diamond would also inciease consider- 
ably the range and durability of rcfractometers 

IteferencLS — In addition to the references 
quoted in the several sc( tions above, the 
following are given as being of a more general 
character M Bauer, Edelsteinkundo, Leipzig, 
1896, 2nd edit 1909, Eng. transl (Frccious 
Stones), by L J Spencer, London, 1904; 0. 
Hintzc, Ilandbuch der Mineralogic, Leipzig, 
1898, vol. 1 ; 0 Duel ter, Handbuch der Mineral- 
chemie, Dresden and Leipzig, 1912, vol. i ; 
Sii W. Crookes, Diamonds, London, 1909 , 
Sir H A Miers, Diamond, article in Encyol 
Bnt 11th edit 1910, E Boutan, Le Diainant, 
Paris, 1886 , E W Sticeter, The Great Dia- 
monds of the World, J^iondon, 1882, W R 
Cattelle, The Diamond, London, 1911 ; Annual 
Reports on Precious Stones, by G, F Kunz, The 
Mineral Industry (New York), and by D 13. 
Sterrett, in Mineral Resources, United States 
Gcol Survey L. J. S. 

DIAMOND BLACKS, -FLAVINE, -GREEN, 
-YELLOWS V . Azo- colouring matters. 

DIANA. The alchemistic name for silver 
DIANIL BLACK, -BLUE, -PONCEAU, 
-YELLOWS V . Azo- roLOURmo matters ; 

pRIMULINB. 

o-DIANISIDINE v. Dilhenyl. 

DIANISIDINE BLUE v, Azo- colouring 

MATTERS. 
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DIANOL BRILLIANT RED, -RED v Azo- 

COLOURING MATTERS. 

DIANTHINE v AZO- COLOURING MATTERS 

DIAPHTHERIN, DIAPHTHOL, DIASPIRIN, 

^iNTHETIO DRUGS 

DIARSENAL. Canadian name foi salvarsan 

DIASPIRIN. Trade name for sucemyl sail* 
cylic acid. 

DIASPORE, A native hydrated alumina, 
AljOg H2O or AIO(OH), crystallising m the 
orthorhombic system and isomorplioua with 
goethite and manganite. It is usually found as 
scales or foliated masses with a perfect cleavage 
in one direction on which the lustre is pearly , 
but it IS readily distmgULshed from other loliated 
minerals (mica, &c ) by its much greater hard- 
ness (H =0^-7). Sp gr 3 4 When heated 
before the blowpipe it decrepitates violentlj^ 
breaking up into pearly white scales (lienee the 
name diaspore, from diacnrelp^iv, to scatler) 
In colour, it is usually grey or yellowish- brown, 
but pale- violet crystals are also found It is 
usually found as an alteration product of 
corundum and emery, but occurs also as a 
mineral of eontact-metamorjihie origin in crystal- 
line limestones It is of impoitanec «us a con- 
stituent of bauxite, and in a paitieiilar type of 
bauxite, called diasporite, occurring in crystal- 
line limestone 111 the Bihar Mountains, Hungary, 
it constitutes the bulk of the material L J 8 

DIASTASE or Amylmp. is the name given to 
tlie enzyme or mixture of en/ymes vhicli con- 
verts starch and glycogen into maltose In 
France, the word ‘ diastase ’ is used as a gencial 
term for all enzymes, a custom whi< h caiucs 
considerable confusion, and whitli it is to be 
hoped will lapse 

Diastase is very widely distiibiitcd m plants 
and m animals It is found in blood serum, in 
muscle, liver and p.incieas, and paiticulaily in 
the saliva, thrs lattice cnzynK* being long known 
under the name iiiiytihn 

The power of geinunated bailey to hydrolyse 
starch was discovered by KircholT in 1814, 
and the enzyme preparation was first made by 
Payen and Ik'rsoz in 1833 Diastase is found 
very generally in the Iimvcs and twigs, in the 
germinating seeds, in the bark, in the pollen 
grains, anil in the latex of plants It occuis in 
yeast and in most of the mould fungi, the enzyme 
of A'iperqilhis oryzee, the so-called Taka dirM/rMc 
being well known on account of its mdustiial use 
in the manufacture of th(' Japanese beverage, koji. 

Diastcose, like all other enzymes, has not 
been prepared in anything approaching a pure 
state Consiflerable uncertainty exists also as 
to whether it is a single enzyme or a mixture 
of enzymes acting in turn to convert starch 
into dextrin and dextrin into maltose Modem 
evidence favours the view that it consists of a 
starch-liquefying enzyme or amylopoctasc^ and a 
saccharifying enzyme able to hydrolyse soluble 
starch, but without much action on raw starch 
until this has been rendered soluble by the 
amylopectase. The two enzymes are found 
together, but in unequal proportions, Wheaten 
flour, for example, frequently has a deficiency of 
liquefying enzyme 

There are well-maiked differences between 
the enzymes present in resting barley and in 
malt [cj Lintner and Eckhardt, Zeitsch. Ges. 
Brauw. 1899, 389 ; J. L. Baker, Chem. Soc. 


Trans. 1902, 81, 1177), one of the chief of these 
being that the diastase of raw gram possesses 
little if any starch-liquefying jiower Baker has 
shown that the products of hydrolysis of starch 
by alcohol- precipitated enzymes from the two 
sources, are not the same. Brown and Morris 
have termed the enzyme of resting barley 
‘ translocation diastase,*^ that of malt ‘ secretion 
diastase ’ (Chem Soc Trans 1890, 58, 458 , 
1893, 03, (K)4) They regarded these as not only 
different in their actions, but as formed from 
different materials This latter assumption has 
been disputed (c/ Ling, J Inst Brewing, 1908, 
14, 494 , Ford and Guthrie, I c , 1908, 14, fil) 

801110 authors consider the saccharifying 
enzyme to be a mixtuie, attiibutmg a dilb'rent 
enzyme to each stage in the simplification of the 
starch molecule It is impossible at present to 
make any definite statemenf- on this point In 
support of it, it appears that cxposuio to a 
temperature of (18® acts more injuiiously on the 
conversion of dextim to maltose than on tliat of 
staifh into d( vtrin. Heating diastase does not 
afh'ct the li({ucfying powci, though the sacchari- 
fying action laigcly disappears 

The quantity of diastase contained m the 
bailey gram iiurcases gradually in the course of 
geimination it is said to reach a maximum in 
about 8 or 9 days, when the plumules are twice 
.vs long as the grains. 

Dia&t.ose .os it exists in cereals is partly 
present as an insoluble zymogen in combination 
with protein substances whicli are cajialje of 
attai’k by pepsin ; in solution the enzyme is 
free and unaltcicd by pepsin 99ie dissolved 
enzyme is moie active as tlie amount of nitrogen 
in .solution mciea.ses 

Prcyamtion — A great variety of methods 
have been jiroposcd for the preparation of 
diasta.se, the majority of th(‘se starting from 
I malt According to 0\Sullivan (Ghem 80c 
Trans 1884, 45, 2), finely giound pale barley 
malt IS saturated with water, adding enough to 
.slightly cover it and after 3-4 hours as much 
of the solution as possible is expressed by means 
of a filter press. After filtcimg, alcohol (sp gr. 
0 83) IS added, as long as a fiocculent precipitate 
forms, the addition being discontinued as soon 
as the liquid becomes opalescent or milky The 
pi<*cipitato 18 collected, washed with alcohol of 
increasing strength until deliydrated, pressed be- 
tween cloth and dried in vacu6 over sulphuric acid. 

Lintner (J pr Chem 34, 378) treats I part 
of green barley malt or flour of air-dried malt 
with 2 to 4 parts of 20 p c alcohol for 24 hours, 
and precipitates the extract with 2\ volumes of 
absolute alcohol 'Phe precipitate is washed 
with alcohol and ether to dehydrate it, and dried 
in varn6 

Loew extracts germinated barley with 4 p c. 
alcohol, and precipitates the extract with basic 
lead acetate The precipitate is suspended in 
water, lead removed with hydrogen sulphide, 
and the enzyme precipitated with a mixture of 
alcohol and ether. 

Wroblewsky extracts finely powdered malt, 
first with 70 pc and then twice with 45 p c 
alcohol Alcohol is added to the two last 
extracts until 70 p c is present, the precipitate 
formed is collected, washed with alcohol and 
ether, and dried. 

For further purification, both Wroblewsky 
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and Osborne and Campbell dissolve the enzyme 
in water, and precipitate it with ammonium sul- 
phate, which ifl added drop by drop, until the 
liquid contains 50 p.c. On standing, a very 
active yellowish Oaky precipitate is obtained 

Green barley malt may also be extracted 
with glycerol, and the diastase precipitated by 
alcohol’ ElTront extracts with water and 
induces alcoholic fermentation in the extract 
so as to remove carbohydrate and protein matter. 
It IS then filtered and tlie diastase precipitated 
by alcohol 

Animal diastase is best obtained from saliva 
Cohnheim uses freshly prepared calcium phos- 
phate as precipitant, extracts this precipitate 
with water, and adds alcohol to obtain the 
enzyme Alcohol is also used for direct precipita- 
tion, likewise ammonium sulphate Von Wittich 
extracts pancreas diastase with glycerol. 

For the preparation of an active diastatic 
extract for laboratory use, ground malt should 
be extracted with twenty times its weight of dis- 
tilled water at 21° for H hours and filtered bright. 

The diastase of Aspergillus oryzae is sold in 
commerce as Taka-diastase. A pure form can 
be prejiarod from the commercial article by 
extracting with water, precipitating with 
ammonium sulphate, dissolving the piecipitate 
in water, dialysing and finally precipitating 
fractionally with alcohol 

Preparations of diastase obtained as de- 
scribed above are colourless, amorphous, and 
friable, readily dissolving in water , but if 
allowed to dry without being dehydrated, they 
are horny and not easily penetrated by water 
They invariablv contain ash, which consists of 
potassium, calcium, and magnesium phos- 
phates, with a trace of sulphate They give a 
deep blue colour with a 1 p c alcoholic solution 
of gum guaiacum and hydrogen peroxide. 

Lmtncr’s diastase gave the reactions of the 
proteins, and was found to contain 0, 4() 60 p c ; 
H, 7 35 p c. ; N, 10 42 p c ; »S, 1 12 p c , calcu- 
lated on the ash-free product Osborne (Per. 
1898, 31, 254) found for his most active prepara- 
tion, which had a diastatic power of GOO and 
contained 0 66 pc of ash, C=52 5 pc, H 
“6 72 p c , N= 1 6 1 p c , 8— 1 9 p c ; and Wro- 
blewsky gives N— 16 5 p c for his purest dias- 
tase Both authors regarded diastase as a protein 
combined, according to Osborne, with a proteose 

'fho most recent work of Frankol and 
Hamburg (Beitr Chem Physiol n. Path, 1906, 
8, 389) leads to the conclusion that diastase con- 
tains neither protein groups nor reducing carbo- 
hydrates in its molecule Impurities were re- 
moved from the enzyme solution with lead 
acetate, the solution sterilised by filtration, and 
further purified by fermentation with a yeast 
which had been rendered nitrogen-hungry This 
preparation could be divided by dialysis into 
two distinct enzymes, one of which — the 
saccharifying — passed through the paper, while 
the other — the liquefying — was left behmd. It 
showed absence of typical protein reactions, but 
contained a pentose m small amount. 

The purified diastase preparations obtained 
by Pribram (Biochem Zeitsch 1912, 44, 293) 
from malt extract contained 7 7 p c of nitrogen 
and 1 5 p c of ash ; one-sixth of the nitrogenous 
matter separated as a coagulum on heating. 
The filtrate on hydrolysis with sulphuric acid 


yielded a reducing substance which was con- 
sidered to be a polycarbohydrate acid which 
existed in the enzyme in combination with a 
simple polypeptide. The purified diastase was 
inactive, but is activated by the addition of 
traces of lactic acid. 

Particularly active preparations have been 
obtained by Sherman and Schlesinger (J. Amer. 
Chem Soc 1913, 35, 1617) by extracting 
ground malt with twa and a half times its weight 
of water or very dilute acid phosphate solutions 
at as low a temperature as possible, with subse- 
quent dialysis, followed by fractional precipita- 
tion with alcohol or acetone. The products 
obtained had a diastatic power of 1800-2200 
on the Lintncr scale 

The most active preparations contamed most 
nitrogen — ^about 14 p c in maximum. When 
tested by the Van Slyko method they contained 
combined nitrogen m all the usual eight forms, 
the proportions being within the range of 
vanation shown by typical protein substances. 
The optimum hydrogen ion concentration ex- 
pressed by Sorensen’s exponent was between 

4 2 and 4*0 (J Amer. ('hem. Soc. 1915, 

37, 623) The puiihed amylases obtained from 
the pancreas and from malt are similar in physical 
properties, show the same qualitative reactions 
and have the same percentage of nitrogen 
distributed m the same way among the different 
types of ammo acid radicals (J. Amer. Chem. 
Soc 1915,37,1305) 

The activity of diastase is very greatly 
influenced by the nature of the substrate on 
which it acts, more particularly as to whether 
this IS alkaline or acid Ortain substances, 
such as the amphoteric ammo- acids and aspaia- 
gme, also ammonium and calcium phosphate, 
increase the activity, asparagine being especially 
effective m some instances. Vegetable diastase 
exhibits the maximum activity m presence of 
traces of weak organic acids. The very smallest 
quantities of alkali stop action, though this 
begins again as soon as the alkali is neutralised. 
In reality, the above acceleiatmg substances are 
all of acid nature, and the apparently favourable 
effect of acid is due not to the acid per se, but 
to its neutralising alkaline impurities present, 
Maximum activity is attained m neutral (m the 
sense that water is neutral) solution. Minute 
traces of metallic impuntie-s have an adverse 
influence. The temperature of maximum ac- 
tivity of diastase is about 55° ; heated above 
this, it begins to show decomposition. 

Estimation of diastatic power — Since it has 
not been obtained m a pure state, the absolute 
estimation of diastase is an impossibility ; more- 
over, the very great influence of external con- 
ditions on diastatic activity, to which allusion 
has been already made, makes it difficult to do 
more than compare the relative activities of a 
number of materials under precisely similar 
conditions As this is an important operation 
in brewery control, the methods of analysis have 
been accurately laid down. The diastatic power 
IS often termed the Lintner value, and expressed 
in degrees Lmtner. The standard is 100° 
when 0 1 c.c. of a 5 p.c. solution of malt, acting 
on a 2 p.c solution of soluble starch for 1 hour at 
70°P , produces reducing sugar equivalent to 
6 c.c. of Fohling’s (Barreswd’s) solution. 



DIATOMITE. 


606 


To obtain accurate results, great stress must 
be laid on the purity of the distilled water and 
soluble starch used ; commercial starches are 
frequently alkaline All work must bo earned 
out in hard-glass apparatus (cf Ford, J. »Soc. 
Chem Ind 1904, 23, 8) 

The method adopted by the Malt Analysis 
Committee of the Institute of Brewing (J Inst 
Browing, 1906) for malt, is as follows : 26 
grams ground malt are extracted with 600 c c, 
of distilled water for 30 hours at 70°F. and 
filtered bnght 3 c c. is allowed to act on 
100 cc of 2 p c. soluble starch at 70°F for 
1 hour Biastatic action is then stopped by 
the addition of 10 c c A'/lO-sodium hydroxide, 
and the liquid made up to 200 c c. Sugar is 
then determined either volumetrically or gravi- 
metrically. TJio results are calculated by the 
formula 

Diastatic power=:1000/ry 

where a:=the number of c.c of malt extract 
contained in 100 c c. of the fully diluted starch- 
conversion liquid, and y=the number of c c. 
of the same liquid required to reduce 5 c c. 
of Fchlmg’s solution When the diastatic 
capacity exceeds 50°, 2 c c or less of malt 
extract are taken, particularly for the malts I 
over 80° used by distillers and vinegar makers 
The diastatic power of English brewing malt 
ranges between 35° and 40°, that of green j 
malt from 110°-125°, showing that a largo 
proportion of the enzyme is destroyed dunng 
the kilning 

Lintner tests solid preparations of tlie pun- 
fiod enzyme by dissolving 0 2 to 0 5 gram in 
50 c c water and adding to a senes of test-tubes, 
each containing 10 c c of 2 p c soluble starch 
solution, 0 1,02, &c , up to 1 c c of the enzyme 
solution After an hour, each tube is boiled in 
the water- bath with 5 c c of Folding’s solution, I 
and that determined in which the copper solu- 
tion IS just completely reduced A second 
senes enables this pomt to be ascertained with 
greater accuracy. 

Similar methods have been based on the 
colourations with iodine, shown by starch and 
dextrin solutions Wohlgemuth sets increasing 
quantities of enzyme in a series of tube^ with 
5cc ofalpc starch solution under precisely 
similar conditions After 30 to 60 minutes at 
40°, the tubers are cooled in icc and a drop of 
N/IO iodine solution added Colours varying 
from dark- blue, blue- violet, reddish-yellow, and 
yellow are obtained Wohlgemuth selects the 
tube in which the violet shows as indicating 
complete conversion to dextrin 

Diastase, like other enzymes which act on 
carbohydrates, is much affected by the products 
of its activity with which it forms adsorption 
compounds — hence the peculianties exhibited 
m a starch conversion Provided that the 
temperature and other conditions selected are 
such that the enzyme is not destroyed, the 
diastase recovered at the end of a reaction is 
just as active towards a second quantity of 
starch as an equal portion of fresh enzyme. 
Diastase is thus a true catalvst {cf Van Laer, 
Bull Soc. chim Belg 1912, 26, 223). 

Uses — Diastase plays a most important part 
in the brewing, das tilling, and baking industries 
Malt extracts, concentrated %n vaduS at a low 


temperature to viscid syrups, are largely used 
by bread bakers and in some food preparations. 
Considerable quantities of such active prepara- 
tions, made from malts of high diastatic power, 
also find employment m laundries for the 
purpose of removing starch from stiff collars, 
shirts, &c. (iS’ee 0^50 articles Starch. Fermenta- 
tion; Hydrolysis ) E. F A. 

DIATOMITE {Ihatcyniacemis Earthy Infusarml 
Earthy Tnpoliie or Tripoli ; Ger Kieselguhry 
Bergmehl) A form of opaline silica consisting 
of tlio siliceous remains of diatoms (Diatomace.v) 
These are unicellular, free-swimming plants 
belonging to the large group of Algop. The 
coil-wall, or frustulo, of each minute individual 
consLsts of two shields or valves of siliceous 
material with elaborate and beautiful ornamen- 
tation More than 10,000 species of diatoms 
have been described , they vary considerably 
in form — fusiform elliptical, discoidal, globular, 
and acicular Material composed of individuals 
of the acicular form, the length of which vanes 
from 0 093 to 0 156 mm and the thickness 
0 00156-0 00468 mm , is best suited for technical 
purposes Diatoms multiply extremely rapidly 
and inhabit both fresh and salt water, being 
more abundant in cold latitudes On death, 
their remains accumulate, under certain con- 
ditions, at the bottom of swamps, lakes, or the 
open ocean Besides being formed at the 
present day, such deposits are also mot with in 
strata of Pleistocene and Tertiary age 

Diatomite is a loose, pulverulent maierial 
with a mealy or earthy texture, resembling soft 
chalk or dried clay m appearance H is friable 
between the fingers with a harsh feel, and 
grates between the teeth In colour it is white, 
grey, yellowish, brownish, or gicemsh It is 
very light, floating on water , sp gr of air- 
dned material 0 24 and of calcined 0 34 Its 
high degree of porosity depends on the fact 
that the shells of the diatoms are hollow Good 
material absorbs four or five times its weight 
of water Further, it is a bad conductor of 
heat, electricity, and sound, and is resistant 
to heat and most chemicals Of acids, only 
hydrofluoric attacks it, but it is slowly dissolved 
by a hot solution of caustic alkali Chemically 
it consists of hydrated silica, mixed with various 
impurities, such as sand, hydroxides of iron, 
clayey, calcareous, and organic matter 70-90 
p c. of SiOg may be present 

Analysis I, is of white matenal (dried at 
105°) from Auxillac, Cantal, Auvergne ; II, of 
green material from Auxillac ; III, from Loch 
Cuithir (or Quire), Skye, Scotland ; IV, from 
Richmond, Virginia , and V, of Tripoli te from 
Bilm, Bohemia (including also SO3 0 12, P^Og 
0-24, NH4 0 03). 
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81 

Fe^Og . 
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0 26 
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Tnpohte (Ger. Tripel, Polierschiofcr= polish- 
ing shale) difiers from chatomito in being more 
compact with a laminated structure and conse- 
quently UiKS light (sp gr J 86) and iiorous It 
merely lepicsents the same material of a greater 
geological (Tertiary) age 

The most extensively worked deposits of 
typical diatomite (Kieselguhr) are those on the 
Luneburger-fb ide (heath) in Hanover Here 
beds with .i tliukness of 10-15 meties occur in 
liasms in Idcistocene sands The iqipermost 
layers are white, below they are grey, and at 
th(‘ bottom of the (h'posit green '^Phe green 
mateiial contains from 15 to 50 pc of organic 
matter, ruOk lent for cahinalion witliout 
addition of fuel A bisl of 5-7 metres coveied 
by Tertiary clay and basalt is worked at Vogels- 
lierg near Altenschluf in Hesse Similai deposits 
of recent to Miocene age arc also widely distii- 
buted in the volcanic region of cential Fiance (De- 
partments of Cantal and Puy-de-l)6me) Here 
the matcTial is known as randanmte and ceys^atttc, 
from Handanne and (Joyssat respectively , and 
It IS worked commercially under the name 
tfU>ni)}r (On the Fiencli and German deposits, 
ser (/ Schmidt, Ann des Mines, Paris, 1910, 
xvn. 370 ) Deposits are nu't with in peat-bogs 
at sovoimI pl<i((‘s in Scotland, and beds up to 
40 f(*(‘t in thickness of good quality mateiial 
aie now worked at Loch Cuithii (oi Quire) m 
the palish of Kilmuir in Skve (W f Macadam, 
Min Mag 1884, vi 87, ‘'l8.S(), vii 30, 35, 
1889, viii 135 Special Reports on the Mineral 
Resources of Great Britain, Mem Geol Survey, 
1916, vol V ) Similar deposits also occur in 
Co. Antrim (J H Pollok, Sci Proc R Dublin 
Soe 1899, ix 33) Extensive deposits, many 
of them of Tertiaiy age, are of wide distribution 
in the United States, especially m California, 
(H Ries, Economic Geology, New York, J9I6) 
Other loialities are Monte Amiata in Tuscany, 
Victoria, 1 Norway, Denmaik, Hungary, Algmia 
Chill, Sic The typical tiipolite forms yellowish- 
white liands 0 5-1 5 m thick in Ixsls of day, 
gypsum, and ‘ Saugsi liiefm ’ (absorbentsha](‘) in a 
Tertiary basin near Bilin in Bohemia 

In the preparation of the material for the 
market, that of the puier white quality, after 
being dug out fiom open pits, is simply air 
driecl m the open or in sheds Organic matter 
IS removed by calcination Less jmre material, 
containing sand, &c , is treati'd by washing and 
sedimentation Iron is removed by the action 
of acids 

9’he varied uses of diatomite depend on its 
peculiar firopeitii'S of porosity, lightness, non- 
conductivity, resistance to lieat and ai ids It 
was used by the Gieeks and Romans for making 
light fire-proof tiles , and m the middle ages 
was mixed with meal for biead, under the 
imjiression that it had a mcdidnal value As 
an absorbent it has been much used with 
nitroglycerine for the manufacture of dynamite. 
The so-called dry sulphuric acid is jucpaied by 
saturating calcined diatomite with three or four 
times its weight of acid Such material can be 
transported with little risk Diatomite packed 
around carboys of acid will soak up leakage in 
case the vessels become cracked It has also 
been used as an absorbent of bromine, dis- 

* On Aastralian deposits, see Bull Imp Inst., 
London, 1916, xlv 40. 


infoctants, and liquid manures. On account 
of its non-conductive properties it is used, 
sometimes with asbestos, as a hght packing 
mateiial for boilers, steam-pipes, cooking- 
stoves, safes, refrigerators and refrigerating 
apparatus, fire-proof and sound-proof floors 
and partitions of buildings, bulkheads of ships, 
&c Mixed with clay, lime, sawdust, &c , it 
can bo used in the manufacture of fire-proof 
bricks and tiles , and having a low coefficient 
of expansion such material is specially adapted 
for making tubes, models, &c. It is used in 
the manufacture of various cements and artificial 
stones. Mixed with magnesia cement it gives 
a fire-proof cement for stoves , with shellac, 
sealing-wax and gramojihone records are made 
It is also used as a filteimg material for liquids 
and gases , and various liquids (wine, beer, 
acids, oil, syrups) can bo clarified by stiiimg 
with 1 p c of diatomite and allowing to settle. 
As a filler it is employed in the manufactuio 
of lubber, cotton fabiics, paints, safety matches, 
paper, papier-mriche, soap, scouring-powders, 
tooth-fiovvders, &c Fused with calcium and 
magnesium borates it yields a non-cracking 
glass for glazes and enamels, which can also 
bo used for painting on gkxss As a source of 
silica, it IS used in the jiicparation of sodium 
silicate, ultramarine, smalt, &c Finally, as 
an abrasive {q v ) it, particularly the tripohtc 
variety, is used foi polishing metals and stoves 
{]{ef B DamiiK'r ami O 9h(‘t/e, Die Nut/baren 
Minerahen, Stuttgait, 1913, vol i , Diatomaeeous 
Earths (Kicsselgiihr) and their Utilisation, Bull. 
Imp. Inst London, 1905, 111 88-103 L J 8 
DIAZINE BLACK, -BLUE, -GREEN v Azo- 

colouring MATTERS 

DIAZO- COMPOUNDS. These organic sub- 
stances, like the azo- compounds, contain the 
characteristic grou]) — N^ -, but whereas, in the 
latter series, this bivalent radical is invariably 
attached to two eaibon atoms, G N, (.>, m the 
former it is generally, although not mvanably 
combined with only om^ carbon atom, the other 
valency being satisfied by (1) an electro-negative 
ion Ac m the chazomum sails 0 Nj Ac , (2) an 
oxvgen atom in the chazohyihoocides dmzo- 
hj/dtatfi') G N2 OH and dtazo-oxides diazo- 
lahs ’) G N2 OR , (3) a nitrogen atom m 

diazoamines {diazoamino- royri'poiinds) 

C N2 NIIR 

and diazoimines {azimino-compounds) 

G-N^-NH-G ; 

(4) a sulphur atom in duizosnlphonatcs 
G N> SO3K 

and dtazomdphides C Ng 8 No C 

The duizocya7iide^ G Ng GN contain the azo- 
group attached to two carbon atoms, one of which 
belongs to a cyanogen group, and these com- 
pounds whidi, in general, aie distinctly coloured, 
form an intermediate group between the fore- 
going diazo- derivatives and the azo- compounds 

Gertam aliphatic diazo- compounds {v tnfta) 
contain the group —Ng— attached by two 
active valencies to the same carbon atom. 

I. DiAZONIUM 8ALTfl. 

These diazo- derivati/es are generally, but 
not exclusively, prepared from aromatic amines, 
and the process, which is termed dtazohsaUon, is 
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carried out with the undissociated salt of the 
amine, and not with the free base In a liydro- 
lysini; solvent like water, it is therefoie custo- 
mary to dia/otise aiiiiine and its dciivativcs 
with sodium lutrite (I molecule) and excess 
(2^ to 3 equivalents) of miriCTal acid. 

Aeomatic Diazonium Saets. 

The dia/.otisation of the bcn/enoid and 
naphthalcmoid amincss is frectucnlly cairied out 
on a manufacpimni( scale owin^ to the emjiloy- 
nicnt of aromatic diaxoniiim salts m the pio- 
duction of azo- colon rine; matteis More than 
1000 tons of paia-nitrandino arc dia/oti^cd 
annually in tlic pioduction of ‘ pani-nitianiline 
led ’ 

The aromatic base is dissolved in dilute 
bydtochlonc oi suIphuiK acid (3 ('quivalcmts in 
10-20 p.c- ac|ucous solution) and the solution 
tieat(‘d with an (‘quivahmt (juaiitity (1 molec uh') 
of sodium nitrite* m 10-20 pc solution 3’lic 
cliazotisation is comjilctocl when the* liquid con- 
tains a sli<j;ht excess of nitious acid as indicated 
by stare h and iodide papoi 

With andine and its homoIoci;iies, the tem- 
peiatiiic' ot the dia/o- solution is geiieially 
maintained at 0” 5^’ to prevent, so fai as possible*, 
the deeompositinn of the* imsbihlo diazoniuin 
salt, hilt 111 othci cases, c (/ the nitiamlmos, 
naphthylamiiK'S, ben/idinc*, and other di]jbenvJ 
ba-ses, the diazotisation is (<iijic'd out most 
icadilv at Kb" The ,imino anthiacpnnones 
arc diazotised ,it 30'’-t0'^ (8c*haarschmi(lt, Hc*i 
1010, 40, 2f)78) 

In the manulaetiiie of soluble a/o- d\c‘s, the 
diazonium salts are ^(‘nc*ially eni])lo\(*rl in 
ac|ucoi]s solution, but solid dia/o- eonipounds, in 
diy or paste foim, have* been intioduced (o 
enable dyers to prepaie ‘ nuiiTain ’ azo- colours 
which are devc'lopcd on the* textile* fibres (v Eng 
l^lt 18420, 21227, 1S04, 8080, 11757, 1805, 
1045, 1800, 17353, 1807, f> R 85387, 
88040, 04280, 1804, S<)137, 1800) 

In alcoholic or acetic ac id solution, diazotisa- 
tion can be e/h'c*ted on the salt of the amine 
without using an excess of acid, and cdhyl or 
amyl nitrite* may, with advantage', be substituted 
for* sodium uitiite (Jaseous methyl iiitiitc*, 
which has bec'ii enqiloyed in cc*rtain cliazotisa- 
tion ((Oic'in Soe OVans 1013, 103, 1308), is 
very readily ])ic*paied and is a cleancu leagcmt 
than amyl nitnto 

Benzenediazonliim chloride (^^ll^NdO, the 
simjilest exam[)lc* of an aromatic dia/onium salt, 
is prepared by adding tlic c aleidated epiantitv 
of amyl nitrite to aniline hydicwliloiide sus- 
pendccl in glac'ial acetic acid at 1(E , it is pre- 
cipitated from the clear solution thus obtained 
by the addition of ether 

Benzenediazonium sulphate 
is piepared m a similar manner tiom aniline 
sulphate suspendc^d in glacial acetic acid, the 
precipitation being ctreeted with alcohol and 
ether 

Benzenediazonium nitrate N,-NO^, 

which was first preequtated from aqueous solu- 
tion by ether and alcohol (Griess, Annalen, 1806, 
137, 30), can also be produced in alcoJiolic or 
glacjil acetic acid solution (Knoevenagel, Ber 
1800, 23, 2905 ; Bamberger, ibid 1890, 29, 44() , 
Mirsch, ihul, 1897, 30, 92 , Hantzseh and Jo- 
chera, ibid 1901, 34, 3337). 
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Diazonmm salts have been obtained with a 
largo variety of anions ^datinichlo) ic/os, wii k hlo- 

nde^, 4(171 11 uMondes, farm ydimlcSy ndtopi ns^siani. 

(Ber 1879, 12, 2119, 1885, 18, 0()5), (hioittufr^ 

( Jahics boric hte, 1807, 915, C'hem JSoc Tians 
1005 87, 1), cwhoTiates and niinU^ {ibid, 1005, 
87, 021),y?wmnMs* (Ber. 1903, 30, 2050), pocido- 
Kites (dud lOOO, 30, 2713, 3140), piciatcs (Cliern 
Soc Trans 1907, 01, 1310), azi(l(\s {dud 1010, 
07, 1097, Ber 1003, 30, 2050), thiosnlphaies, 
himjsiitlKs (.1 8oc* Evens, 1001, 17, 270), ihio- 
(K^tate^s^ (Mcmatsh 1007, 28,217), (rnofliioi ides 
(1) K P 2S1055), pitosp/fo mol //hd ales ,uul III iig- 
s/cr/cs ((’hem Noc Tians 1000, 05, 1310), c/i 7/- 
sidp/iuKite.s (Ber 1911, 41, 1115 ', znu odiloi ides, 
Kev (hm Mat Col 1911, IS, I, p napJilhol-\- 
s/dpboiKifi.s, Eng Pat 8989, 11 7. >7 ol 1805, 
I) B P 03305 

All clia/omnm salts are liable to exjdode in 
the (by state, lor they are endothermic toni- 
poinids (Beithelot and Vieille, Cornpt rend 
ISSI, 02, lt)70 , iSveiitoslavsky, Ber 1010, 43, 

1 170) and 111 some c .ises tbe c xplosion jioint has 
bc*cn detc*r mined (Bc*r 1890, 32, 1 <>01 , 1000,33. 
527) OOie diazonium chromates and per- 
chloi.ites decompoNC with considerable violence, 
so that the* foimc'i have been siiggest.ed as 
c'xplosiv'cs (Bull fSoc* ehim 1807, [2] 7, 270, 
Fr Pal. 73280) 

Bisdiazonium salts {Tciiazo- soils) Tlu'se 
comfiounds aie piodueed fiom aromatic di- 
amines whic*h do nc>t (ont.iin then annno- 
gioujis in ortho- 01 pin- positions (r C^ijclic 
dutzo- ( om pounds) 

When the* tAvo amino- gioups arc in the same 
aromatic nucleus, (nmplc*te diazotisation is 
elh'c.tecl oniv wit.h some (lilhculty Meta- 
phenylenc'diainmc* hvdiochloiide and sodiuin 
lutiilc* finni^b tlie a/o- colouiing matters 
includc*cl unde 1 the* tc*im ‘Ibsmauk brown’ 
(Bei 1807, 30, 2111. 2809 , 1000, 33, 2110), but 
when a solution of the base in excess of bydio- 
ehlorie ac id is ac!d(*d quic kly to a large excess of 
woll-ec)C)lc*d ac[uc'c)iis nitions acid, coniplc'te d]a.zo- 
tisat-ion takt's ]dcic(* and boizirie-ru hi.sdifizo/iiurii 
chloitde Cflll Cl is juoducr d Whem tbe 
nitrite is addc'd suddenly to the* diamme hyclio- 
eliloiidc, nitroso m phcnykmcdiamine results 
Para-})heuylc*nediamiiie h;) choc blonde*, wlu'n di- 
azotiMcd in I lie* usual way, givc*s ,i mixture of 
diazonium and bisdiazonium chloudc's, but when 
the bydrochloiidc* is added to excess of nitrous 
acid, h('nzcne-p-bts(hazoniuin cldondc is obtainc'd 

In the* iicipbilialcnc seims, 1 4-nai)Uthyleno- 
cbaniine is dia/otised with diihculty, owing to its 
oxidisabilitv, but in jiioducing its azo- del iva- 
tiv( 3 s, this ditheulty is suimounted by working 
with its monoaeyl- derivatives and dia/otising 
in two stages with an inteivcmmg hydrolysis 
(Fng Pat 18783, 1801) The heWronucleal 
naphthvk'nediarnines, excepting the 1 8- com- 
pound, can be eompletcdy diazoti.'-ed, yielding 
uaphlhaleuchi''diazouu(7n salts (Ewer and Pick, 
1) K PP 45540,45788, Badisc he Amlin und 
Soda Fabiik I) R P 130475, Morgan and 
Mieklethwait, C’hem Soc Trans 1010, 07, 2558) 
Benzidine, tolidme, diamsidme, and other 
similar heieronuclear diaminc*s of the diphenyl 
and ditolyl series are readily diazotised, furnisb- 

bisdiazonium salts (e g d i pheni/lbisdiazomvm 
eJ^ride Cl N, il.U, N, C\), which are em- 
I ployed in the manufacture of substantive 
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azo- dyee (v. Congo red and Benzo'purparin ; art. 
Azo- COLOTJBING MATTERS) Thore are certain sub- 
stituted para-diammes in the benzene diphenyl 
and naphthalene senes which have hitherto 
resisted all attempts at complete diazotisation 
(Ber 1884, 17,003; 1896,29,2285, 1905, 38, 
3769 ; Eng Pat 2946 of 1896) 

VELOCITY OF DIAZOTISATION 

Under the usual experimental conditions, 
diazotisation proceeds with great rapidity, but 
in N/1000 solutions, the velocity of this reaction 
has been determined by a colorimetric method 
for estimating the free nitrous acid The re- 
action IS of the second order, and the values of 

the constant C=---— : are 0 036 for aniline, 
t{a—x) 

0 038 for p-toluidme, and 0 041 for m-xylidine, 
with one molecular puoportion of free acid at 
0°. At higher temperatures, the rate is in- 
creased (Hantzsch and Schumann, Ber 1899, 32, 
1691 ; 1900, 33, 527 ; Tassilly, Oompt rend 
1913, 1.57, 1148; 1914, 158, 335, 489) Both 
colorimetric and electrolytic determinations of 
the velocity of diazotisation show that, in the 
absence of disturbing influences, all the aromatic 
amines are diazotised at the same rate. 

ALTERNATIVE METHODS OF PRODUCING ARO- 
MATIC DIAZONIUM SALTS 

Nitro^yl chloride or bromide has been suggested 
as a diazotismg agent (Tilden and Millar, ('hem 
Soc Proc 1894, 59 ; Kastle and Keiser, Amer 
(!hem J 1895, 17, 91) Nitrosyl sulphate has 
been used with advantage (Pabst and Cirard, 
1) H P 6034; Ber 1879, 12, 365, Morgan 
and Micklethwait, ('hem Soc Trans 1910, 
97, 2558) This reagent or sodium nitrite 
dissolved m concentrated sulphuric acid is 
employed in diazotismg slightly basic amines 
(Morgan and Evens, ('hem. 8oc. I'rans. 1919, 
116, 1130, r/ J pr Ehem 1906, [ii.] 74, 275) 
Barium mtriie^ when employed m conjunction 
with sulphuric acid, furnishes diazo- solutions 
free from inorganic salts (Witt, Ber 1903, 36, 
4388) The last-named investigator has brought 
forward an interesting process which consists in 
dissolving the base in cold concentrated uitric acid 
and adding the calculated amount of potassium 
meJabisulphite required to produce suflicient ni- 
trous acid for the diazotisation (Ber 1909, 42, 
2953) 

Jhazonium bromides are formed by the inter 
action of hydrazines and diazonium perbromides 

2R N,Br3-|-RN2H3=.3R N, Br4-3HBr 
(Chattaway, Chem Soc Trans 1908, 93, 958) 
An electroh/tic process for the production of 
diazonium salts has been patented (Boehnnger 
& Sons, J) R. P 152926, and Eng Pat 2608 
of 1904) 

Diazonium salts can also be prepared from 
compounds not containing ammo- groups ; 
mercury diphenyl and nitrous fumes give 
benzenediazonium nitrate (Ber 1897, 30, 509), 
and the same salt is produced from mtroso- 
benzene and nitric oxide in chloroform solution 
{ibid 1898, 31, 1528) Fuming ritric acid 
reverses the coupling process and regenerates 
the diazonium salt from its azo- derivatives 
(Meldola, Chem. Soc Trans 1889, 55, 608 ; 1894, 
65, 841 ; and 0. Schmidt, Ber. 1905, 38, 3201). 


Diazonium chlorides are regenerated from 
azo-dyes by decomposing the latter with 
chlorine or hypochlorous acid (J. pr. Chem. 
1912, [u.] 85, 235. 

Certain complex or highly substituted amines 
resist diazotisation unless treated under pressure 
(D R P. 143450) or with excess of nitrous and 
mineral acids (Annalcn, 1873, 165, 187 ; 1891, 
260, 224; Ber 1900,33,520) 

(For indirect methods of forming diazonium 
salts, V Annalen, 1879, 199, 320; 1888, 243, 
282 ; 1892, 270, 116 ; Ber. 1893, 26, 2190 , 1899, 
32, 1809; 1900, 33, 1718; J pr. Chem 1896, 
[ii ] 54, 496 ; Gazz chim ital 1900, 30, 1526 ; 
Bull Soc chim. 1891, [m ] (>, 94 ) 

Reactions of Aromatic Diazonium Salts. 

In addition to their power of coupling with 
phenols, aromatic amines, and their sulphonic 
acids to form the technically important azo- 
colounng matters, the diazonium salts are 
synthetical agents of the greatest value, and the 
following 18 a synopsis of the principal reactions 
in which they take part : — 

1 Decomposition of Diazonium Salts by 
Water. 

{Cf Ber 1874, 7, 1061; 1894, 17, 2704; 
1899, 32, 1773 ; 1890, 23, .3635 ; 1902, 35, 89 , 
J pr Chem 1881, fii ] 24, 476 , Chem Soc Trans. 
1902,81,77; 190.3, 83, fi88 ; 1905,87,5; 1906, 
89, 19.) 

The decomposition of soluble diazonium salts 
by water is a unimolccular reaction, and is re- 
presented by the well-known equation . 


The relative stability of the diazonium salts 
IS ascertained by comparing the values of the 
constant C for a given temperature The most 
successful method of making this determination 
consists m heating solutions of the diazo- com- 
pounds at a fixed temperature, and measuring 
the rate at which nitrogen is evolved A con- 
venient apparatus, which can be used in this 
determination and also for studying the decom- 
position of diazo- compounds in general, is 
indicated in the following figure 



These quantitative decompositions show 
that the diazonium salts from aniline and ortho- 
and raeta-toluidine are among the least stable 
of the senes, whereas considerably greater 
stability 18 exhibited by the diazotised nitram- 
lines and the diazomum sulphonates derived 
from the benzenoid and naphthalenoid amine- 
sulphomo*acids. 
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The rate of decomposition of diazo- com- 
tunds mcreases with the temperature and m 
cordance with Arrhenius’s formula for the 
nperature coefficient 

The rate of decomposition is mdopendent of 
0 quantity of mineral acid present, and equiva- 
it solutions of benzenediazomum chloride, 
0 mide, sulphate, mtrate, and oxalate decom- 
se with the same velocity ; this change is, 
wever, accelerated by colloidal platinum or 
ver, owmg to catalytic action (Hantzsch, Ber. 
00, 33, 2517 ; Hausscr and Muller, Bull Soc. 
im. 1892, [m 1 7, 721 ; 1893, 9, 363 ; Compt. 
id. 1892, 114, 649, 669, 760, 1438 ; Schwalbe, 
itsch. Farb. Ind 1905, 4, 433 ; Ber 1905, 38, 
96, 3071; 1909, 42, 196; Cam, Chem. Soc. 
•ans 1902,81,1412; 1903,83,206,470, 1905, 

, 2511 ; Euler, Annalen, 1902, 325, 292 ; Voley 
id Cam, Trans. Faraday Soc. 1909, 5, 1) 

In general, the decomposition of a diazonium 
It by water leads to the formation of a phenol 

R N 2 -HS 04 +H ,0 = R 0H4-H,S04+N2 
The sulphate is the best salt to employ m 
LS reaction, because the chloride and mtrate 
3 apt to lead respectively to alternative or 
3ondary changes. Benzenediazomum sub 
ate and its homologues furnish phenol and 
e cresols and xy lends ; diphenyl-4 4'-bis- 
azonium sulphate gives rise to 4 4'"dihydioxy- 
phcnyl Aurm ls similarly obtained from 
izotisod rosamhne (Annalen, 1878, 194, 30b) 

In certain cases, more especially m the 
rphthalene senes, the product is contaminated 
^ azo- compounds, resulting from the coupling 
the hydroxy- derivative with a portion of the 
ill undecomposcd diazomum salt (Chem Soc 
’ans 1903, 83, 221) To obviate this difficulty, 
far as possible, excess of acid is used m the 
composition The manufacture of the a- 
-phtholsulphomc acids {eg OH S() 3 H = 1 4 
id 1.8) from the corresponding a-naphthyl- 
ttinosulphomc acids furnishes typical examples 
the technical application of the process 
Secondary reactions occur even m the sim- 
Dst cases (Her 1890, 23, 3705), and m many 
stances, where the boilmg is protracted owing 
the great stability of the diazo- compouncl, 
>t a trace of the hydroxy- derivative can be 
dated (Amer Chem J. 1889, 11, 319, Cam, 
lem Soc Trans 1903, 83, 688) When the 
lenolic product is volatile m steam, the normal 
ange is facilitated by operating with solutions 
ulmg above 100° A good yield of guaiacol is 
>tamed by adding the diazo- salt of ortho- 
usidmo to a mixture of sodium sulphate and 
lute sulphuric acid boiling at 135°- 145°, the 
datilo product being removed at the moment 
formation (Kallo & Co , Eng. Pat 7233 
1897; cA Annalen, 1889, 25.3, 281 ; Ber 1874, 
1008; b. R. P 167211, Chem Soc Trans. 
•06, 87, 19; c/. Willstatter and Schudel, Ber. 
H8, 51, 782. 

(For other exceptional decompositions of 
azo- compounds, v, Ber. 1874, 7, 1061 ; 1884, 
, 2704 , 1899, 32, 1773 ; 1902, 35, 89 ; Chem. 
)c Trans 1896, 69, 1327 ; 1902, 81, 77, 1906 ; 
, 6 ; 1906, 89, 19). 

The diazo- compounds are very sensitive to 
:ht, which induces the phenolic decomposition 


even in certain cases where the action of hot 
water or acids is very slight (Chem Soc Trans 
1907, 91, 35 ; cf. Compt. rend. 1881, 92, 1074 ; 
Ber. 1890, 23, 3131 ; 1901, 34, 1668 ; D. R. PP 
53466, 66606 ; J. Soc. Chem Ind. 1890, 9, 1001) 

2. Decomposition of Diazonium Saits by 
Alcohols* 

The reaction between diazomum salts and 
alcohols may proceed m two different ways . 

1 RN^X-l-C.HsOH^RH+C^H^O+Na+HX 

2 R-N^ X+C^HgOH^R O CJIg+N^-f HX 
The former of these changes was ongmally re- 
garded as the general reaction, but more recent 
researches have shown that the second is the 
normal change The factors determining the 
course of the reaction are, however, numerous 
and complicated, mvolvmg ( 1 ) the nature of the 
alcohol ; (2) the influence of substituents m the 
diazomum salt , (3) the pressure and temperature 
at which the decomposition is affected. 

The tendency to replace the diazo- group by 
hydrogen increases with the molecular weight of 
the alcofiol employed. Benzenediazomum chlor- 
ide or sulphate and methyl alcohol give anisolc 
exclusively With ethyl alcohol, these salts 
yield chiefly phenetole, but benzene is also pro 
duced The diazomum sulphates fiom p-chloro- 
and p-bromo- aniline fuimsh only p-chloro- and 
p-bromo- benzene with ethyl alcohol, but with 
methyl alcohol they give use mainly to the 
methyl ethers of p-chloro- and p-bromo-phenol 
(Amer Chem J 1898, 20, 229 , r/ Annalen, 
1871, 159, 191 , Ber 1901, 34, 3337, 1903, 3b, 
2061 , Amer Chem J 1893, 15, 518 ; 1897, 19, 
531, 547, 561) 

The diazo- salts of the simpler amines 
(aniline and its homologues) react chiefly in the 
direction indicated by the second of the fore- 
going equations, and yield mixed ethers, but the 
presence of acid substituents 

(Cl, Br, NO„ CO^H, NH SO,R) 
favours the prcdomin<ince of the flist change. 
The mtramlmcs (ortho-, meta-, and para-) give 
raspcctively 87, 51, and 40 pc of mtiobenzcnc 
the 1 2-, 2 . 1-, and 1 1-mtionaphthylammes 

furnish the coi responding mtronaphthalenes, 
wheicas a- and /8- naphth^damines yield a- and 
i8-ethoxynaphthalcne^ (Remsen and others, Bei 
1885, 18, 65, Amer Chem J 1886, 8, 243, 
1887, 9, 587 , 1891, 13, 153 , 1892, 14, 15) 

The yield of alkyl ether increases with rise 
of pressure, but the addition of zinc-dust or an 
alkali (sodium hydroxide or ethoxide, potassium 
carbonate) inhibits almost entirelv the forma- 
tion of mixed ether and leads to the substitution 
of the diazo- group by hydrogen (Amer. (fliem J 
1893, 15, 105, 301, 320, 379; 1894, 16, 235, 
1895, 17, 454; 1897, 19, 163, 631 ; 1898, 20. 
298; 1904, 31, 119) 

3. Replacement of the Diazo- Group by 
Hydrogen. 

In addition to the action of alcohol, the 
diazo- group can be eliminated by the use of a 
variety of reducing agents — 

(i.) The diazomum salt is reduced to the corre- 
spondmg hydrazine and the hydrazmo- group 
NH NH, removed by boiling wnth copper siuphate 
(Baeyer and Pfitzmger, Bei 1886, 18, 90, 786) 

(li ) Reduction of the chazo- compound with 
alkaline sodium stanmte (Friedlander, Ber. 1889, 
22, 587). 
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(ill) By varioiiH oUu*r itducing agents, 
d(iit7wus fouiiate (Tit 1885, 18, 1157, J pi 
Ohcin 1889, [u ] 40, 97), hijpophobphormiJi acid 
(Her 1902, 35, 152), .sodtum hypo^ulplittc {ibid 
1907, 40, 858), for mu and and topper powder 
{ibid 1890, 23, 1()32), aluminium powdei m 
aU’ohul (Moigan and t^vens, / c ). 

4 Replacement of the Diazo- Group by 
Halogen, Cyanide, Cyanate, and Thiocyanate 
Radicals 

Fluorine may be iniruduc(*d into the 
aiomatie nucleus in phue of the dia/o- gioup 
by tieating the diazonium salt with liydio- 
lluoric aeid Dia/uamino- compounds {v injta) 
are also employed in bunging about this re- 
placement, and when treated with coneentiated 
hydrotluuiie acid they yield the conespondin^ 
lluoro- deiivative , lluoro benzene is thus pio- 
duced from diazoammobenzene oi diazobenzcnc- 
pipeiidide (J pr Chem 1870, [ii j 1, 305, Ber 
1875, 8, 893 , 1879, 12, 581 , 1889, 22, 184b) 

'The first really successful jnocess for re- 
placing the diazo- grou]) by chlorine {ov bromine) 
was dLsiovoied by Sandmeyei , it consists in 
adding the diazotised solution to cup ions 
chloride (or bromule) dissolved^ m wifrin h^dio- 
chloiic (oi hydiobioniK ) acid, whcnmtiogin is 
evolved and thv‘ coiiesponding tliloio- oi biomo- 
deiivative is piodmed (Hci 1884, 17, 1(>33, 
2050, 1885, 18, 1492, 149(1, I88(), 19, 810, 
1890, 23, 1028, 1880, Annalen, 1893, 273, 
141) 

'Tho hist stage in the Fondnieipi Kiution is 
considered to be the foiination of an additive 
compound of diazonium salt <ind cu pious 
ehloiido , tho deconijiosition of tins intci- 
modiato product pioceeds Kcuiily only above a 
ceitain tempcuatuie, wliidi is difkicnt foi each 
diazonium salt (Eidmann, Aim<ilen, 1893, 272, 
141, (/ Votorck, ('hem Zcit Rep 18<M>, 20, 
70, Hantzsch <ind Blagden, Bei 1900, 33, 
2544) Tho substitution of biomine foi (ii<i/o- 
nitiogen follows a similai couise (I9ul 'I’lans 
1804, 154, ()73, Ann.den, 180(), 137, 49, Amor 
(4iem J 1891, 13, 48() , (Ja/z chmi ital 1890, 
20, 031) 

99ie foiegoing substitutions aie also (‘ifci t(‘d 
by tho ad(litu)n to solutions of dia/omum 
chloiicles 01 biomides of hnel\ divided cojijk'I 
01 the coppei bioii/c of (ommeue ((latteim.inn, 
Bei 1890,23,1218, 1892,25,1071, IJllmann, 
ibid 1890, 29, 1878, (f Angeli, ibid 1891, 24, 
952) 

Iodine IS icadily substituted foi tho diazo 
complex by ticating the ai id di.i/o- solutions 
with ])ottVssuim lodiclo even in th(‘ absence of 
copper or oupious salts 

The kSandmeyei reaction includes the iin- 
portant synthetical opeiation of leplacmg the 
diazo- gioup by a tijanide ladical, the diazo- 
mum salt being added to a waim solution of 
potassium cuproc\anido Tho G'atteimann pio- 
ecss IS also apphcablo to this synthesis, the 
addition of copper powder to a mixtuie of 
di.izomum salt and potassium cyanide inducing 
a similar rcjilacemcnt (Ber 1890, 23, 1218) 
Tho cyanate radical is mtioduced m tho place 
of tho diazo- group by acldmg successn'^ely to a 
solution of diazonium salt, potassium, cyjanate, 
and copper powder (Ber 1890, 23, 1220 , 1892, 
25, 1086). The thiocyanate group is introduced 
by adding potassium thiocyanate and cuprous 


thiocyanate to a solution of diazonium sulphate 
{ibid 1890, 23, 738,J70) 

5 Replacement of the Diazo- Group by Sul- 
phur and Sulphur- containing Radicals. 

These reactions are of impoitance as fuiinsh- 
ing methods foi the synthetical pioduction of 
sulphomc acids 

Thiophenols oi di6ulphidi6 aie obtained by 
ticatmg (liazcjinum salts with potassium xanth- 
ate find then hydiolysing the icsultmg aiomatic 
xanthate (Leuckait, J. pr (jheni. 1890, [ii | 41, 
179, c/*. Bei 1887,20,349, (diem 8oc Rioc 
1895, 11, 141). Rhenyl sulphide is pioduccd by 
tieatmg benzenediazonium salts with hydiogen 
sulphule OI ammonium sulphide (Bei 1882, 15, 
1083) Benzenoid diazonium salts yield sul- 
phides on tieatment with sodium cupious thio- 
sulphate, but diazotis(‘d a-naphthylamim* only 
gives a-a/onaphthaleiie (Bei 1901, 34, 3908) 

Tho lepJaeement of a diazonium by a ,sul- 
phinic gioup IS eilected by satin ating with 
sulphur dioxide an acid solution of diazonium 
sulphate and adding eoppei powder, mtiogen 
IS evolved and tlie resulting sulphimc aud cx- 
tiacted with ethoi ((lattcimaim, Bei 1899, 32, 
1136, Kng Rat 20139 of 1890, D R R 
95830) 

The foiegoing thiophenols, disulphides and 
sulphimc acids yield the coiiesponding .sulphomc 
acidb on oxidation (D R R 70280 , Eng Rat 
I,l8(i5 of 1892) 

0 Replacement of the Diazo- Group by 
Nitro-, Nitroso-, and Ammo- Radicals. 

T’he intiodiK tion oi a mho- gioup is bi ought 
about either by heating the diazonium salt witli 
mtious acid and cupious oxidt* oi by mixing tho 
diazonium sul])liate witli cujuo-cupnc sulphite 
.111(1 .idding e\c(‘ss of alkali mtiitc By the 
latter piocess, 2 4 ()-liibiomobenzenediazonium 
sulplude giv(N 65 ]) c of 1-nitio 2 4 6-tri- 
bioinobenziuie and cliazotised /l-naphthyl.umno 
givi'S 25 p c ot jS-mtionaphtlialeiKs a substance 
piepaied with considerable dillu ulty by other 
piocesses (Bei 1887. 20, 1197 , 1900, 33, 2544) 
Tlu* mtiodiuiion of a mlioM)- gioup is eftccted 
by iK'.iting .1 dia/omum chloiide with alkaline 
potashium feiioc^anidc (Ber 1893. 2(), 471) 
Tho addition of hydioxy lamnu' to a solution of 
diazonium s.dt lesiilts m tlie u^geiieiatioii of the 
otiginal ammo (Ber 1892, 25, 372; 1902, 35, 
2593, 3920) 

7 Formation of Azoimides. 

The introduction of the .izimino- group N3 
into tho aromatic nucleus is (‘Ifected by tho 
following leactions • (1) action of hydioxyl- 

ammo on dia/omum sulphates (Bei 1892, 25, 
372 , 1893, 2(), 1271 , Eoi>.ter and Kieiz, Chem 
80c Trans 1907, 91, 855, 1350) ; (2) interaction 
of ammonia and diazonium pei bromides ; (3) 
direct action of sodium a/ide on diazonium salts 
ill excevss of sulphuiic .rcid (Noltmg and Michael, 
Ber 1893, 26, 86 , Roister and Rierz, (Jhem. 
80c Tians 1907, 91, 1942). The last of these 
piocesses is earned out so readily that the 
pioduction of an azinimo- compound may be 
used to estimate the numbci of clia/o- gioiips in 
a diazomum salt (Meldola and Hawkins, Chem 
Soc Proc 1892, 8, 133 , Morgan and Mickle- 
thwait, Chem Soc. Trans. 1910, 97, 2560). 
Aromatic azoimides are ilso produced by the 
interaction of chloroamine, NH2CI, and iazo- 
nium chlorides (Forster, Chem. Soc. Trans. 1915, 
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107, 200 ), and by loinoving water from the 
nitrosoarylhydroxylamines 

These aryl azoimidcs can be employed syn- 
thetically as a means of transfoimmg an amine 
into the coi responding aminophenol when 
warmed with moderately cuncentiatcd sulphuiic 
acid, two -thirds of the nitiogen aie eliminated 
and a hydroxyl group is introduced into the 
nucleus (Iler. 1894, 27, 192; Morgan and Poiter, 
Chem Soc Trans 1915, 107, 051). 

Miscdlaricom 6tihshiuiio‘ri6, v Chem Soc 
Trans 1888, 53, 400 ; Amer. Chem J 1888, 10, 
308 Bei 1902, 35, 1904. 

Tor the leplacement of the dia/o- group by 
arsmic and stibime complexes consult Organ ic 
Arsen ICALS and Organic An'iimonials. 

CJoNDENSATlONS EFEEC'IEO HY MeANS OF 
Aromatic Diazonium Salts 


nitro- groups and the formation of oitho-dia/o 
oxides (Meldola and Keverdin, Chem Soc 
Trans. 1910, 97, 1204). A sulphomc gioup 
IS leplated by hydioxyl in the diazotisation 
of ?R-phenylenediaminedisulphome acnl (hhig 
Pat 18283 of 1903), and ceitain of the 
dinitionaphthylanunes, when diazotiscd, yield 
inteiiial diazo- oxides, owing to the initial le- 
placeiiK'iit of a mtio- group by hydi()\>l (Bei 
1891, 27, 2211 , 1895, 28, 1951 , tf Chem Soc 
Trans 1895, (>7, 908) 

The leplaceiiKuit of an acidic (elietio- 
negative) substituent by hydioxyl lieijueiitly oc- 
cuis on tieating the dia/onium s.dt with alkalis 


(4 

cin/\n,ci 


OH 


— > 


CIN, 


,N,C1 ClN 


rN, 


Azo- eonijDouiids aie formed, to a slight 
extent, during the Sandmeyer leaction, and this 
condensation takes place to a greatei extent 
when the usual oidei of mixing is icvci’sed and 
the cupious chloiide added to the cold soluticui 
of diazonium salt Aniline, o-chloi aniline, and 
o- and p-toluidmc give consichiable quantities 
of azo- derivatives, but the niti anilines and 
then hornologues furnish diphenyl compounds 
(Niementowski, Ber 1901, 34, 3325 , Ullmann 
and Torgan, ibid 3802, D K P 120901) 
(!upious oxicie dissolved in ammonia or hy dioxyl- 
amine also promotes 1 he diphenyl condensation 
(Annaleii, 1902, 320, 122), diphenyl itself being 
rcachly piepaied by adding copper, zinc, or non 
powder to ben/miedia/omum sulphate in dilute 
alcohol (Ber 1890,23,1220), )3^-dinaplithvl is 
similaily piodiiced from i 8 -diazona])hthalene 
sulphate (('hem Soc. Tians 1895, 07, 0.53) 
2 2 '-Dimothyl-l I'-dianthraqumonyl lesultsfrom 
the condensation of 2 mols of 2 -methylanthia- 
ejumone- 1 -diazonium sulphate wlien stnied with 
acetic anhydiide and coppei bionze powdiu 
(Scholl and Kunz, Ber 1907, 40, 1097, hmg. 
Pat 14578 of 1905) 

iNTERCnANGE OF GltOUrS IN DiA/ONJUM SaLTS. 

'I’lie diazonium salts of the more highly 
substituted amines fiequeiitly undeigo rc- 
maikablc tiansfoimations, some of which have 
been suggested foi use in the technical pio- 
duction of azo- compounds. 

The dmitroanisidmes, containing nitro- 
gioups either in oitho- oi paia- positions wuth 
regard to the ammo- group, exchange these 
ladicals foi hydroxyl duiing the piocess of 
diazotisation. In ceitain mstances, the me- 
thoxyl gioup pieseiit m these compounds under- 
goes demethylation, &c , with the pi oductioii of 
internal diazo- oxides (qumonediazides) The 
mtro- group is set free in the form of nitious 
acid, which contmucis the diazotisation piocess 
on further quantities of the base (Meldola and 
others, Chem Soc Trans 1900,77,1172, 1901, 
79, 1076; 1902, 81, 988, 1905, 87, 1205) 

Methoxyl or chlorine radicals m para- positions 
with respect to the diazo-complcx are rendered 
labile by contiguous nitro- groups so that para- 
diazo-oxides are produced (Klemenc, Ber. 1914, 
47, 1407 ; Morgan and Porter, Chem Soc. Trans 
1916, 107, 663), but an accumulation of acidic 
(mtro) groups favours the removal of adjacent 


.SOjli SO3H 

A sul])home acid gioup may he biniilaily 
cBminated as in jS-najilithylamine-l 5 7-tiisul- 
j)hc)mc acid which, when dia/otiscd and tieaied 
with weak alkali, yields naphlhvlene 2 -diazo-l- 
oxidc-5 7-diMdphc)mc acid (1) K P 111750, 
Png Pats 10811, 20551, of 1901 , 1561,0015, 
239<)3, of 1902 , 16995, 27372, of 1903 , 4997, of 
1904) 

These leplai einents sometimes take jilace 
even when the dia/o- solutions aie diluted with 
water, 01 spontaneously wlien llu* diazonium 
base is juesent as the s.dt of a wcaik a( id (acetate, 
oxalate, caibonate, de ) {v Orton, Proe Boy 
Soc 1902,71,153, Ohem Soc "Tians 1903,83, 
796, 1907, 91, 15.54, Nolting and Battc'gay 
Bci PK)(), 39, 79) 

p-('liloiobcnzi‘nediazunjum thioeyanato 
(I CVI 4 No.t'NS 

undcigucs a lemaikable molccuhii tiaiisfoima- 
tion when dissolved in ah ohol containing a 
tiace of hydioehlonc acid 4'ho thiocyanate 
and chloiine ladicals change places, and on 
adding etliiu to the solution, p-thioc yaiiohen/c m* 
di.izonium chloiide ls jui eipitated ( 11 ant/sc h, 
Bc‘i 189(), 29, 947) Similaily, 2 4 (i-tribiomo- 
benzcnediazonium sulphate in pieseiice of excess 
ot potassium thioiyanati* is (onvertcsl into 
2 4 (i-ti ithioc y.uiolnuizenedi.i/oniiim thiocyanate 
and m.iny biommatc'd dia/omum chIolldc^s jiass 
into chloimated diazonium bromides (Bei 1897, 
30, 2334, 1898, 31, 12.53, 1900, 33, 505, cf 
Chem Soe Trans 1902, 81, 137()) The last of 
tliese tiansfoimations has been studied quanti- 
tatively, and the following geiieialisations have 
been established — 

(i ) Bromine atoms aie leplaced by (hloniie 
only when piesent in the oitho- 01 p.iia- position 
with icspeet to the diazonium gioiiji, those in 
ortho- j.ositions being most le.idily ic moved. 
A bromine atom m the meta- position ls not 
affec ted 

(11 ) The ease of tiaiisfoim.dion increases 
with the numhc ‘1 of biomme atoms piesent 

(ill ) The transfoimation constant, calcu- 
lated from the eciuation for a unimolecular 
reaction K=l//(logA/A— a:*), increases with the 
tempeiature and is also influenced by the sol- 
vent, havmg its minimum value m water, and 
becoming greater as the senes of alcohols is 
ascended. 
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(iv ) Diazonium salts containing two bro- 
mme atoms are stable when dry, but are rapidly 
transformed in ethyl alcohol ; 2 4.6-tnbromo- 
benzenediazonium chloride becomes transformed 
in the dry state 

These changes do not occur either with 
lodinated diazonium chlorides or with brominated 
diazonium fluorides (Hantzsch, Ber. 1903, 36, 
2069). 

Constitution of Aromatic Diazonium Salts. 

Aromatic diazonium salts are generally 
soluble m water to a neutral solution, thus 
showing, by an absence of hydrolytic dissociation, 
that the diazonium base is a stronger base than 
the aromatic amine from which it was derived 
The strength of the diazonium base has been 
confirmed by physico-chemical measurements. 

Determinations of the electrical conductivity 
of solutions of bcnzenediazonium chloride and 
nitrate show that the benzenediazonium radical 
is strictly comparable with other quaternary 
ammonium ions. The rate of migration of 
the benzenediazonium ion at 25° is 45 7, the 
corresponding constants for the methylpyri- 
dinium and totramethylammomum ions being 
44 3 and 43 6 respectively The molecular 
electrical conductivity of solutions of diazonium 
salts increases with dilution, just as in the case 
of the corresponding potassium and ammomum 
compounds. 

The affinity constant of benzenediazonium 
hydroxide at 0° is 70 times greater than that of 
ammonium hydroxides, and somewhat exceeds 
that of pipendiAe Tlie affinity constants of 
p-mothoxy benzenediazonium and i//-cumidine- 
diazonium hydroxides are even greater, and 
approximate closely to those of the alkali 
hydroxides A comparison of the electiical 
conductivity experiments, with the results ob- 
tained m the hydrolysis of ethyl acetate by 
benzenediazomum hydroxide, shows that in 
iV/128 solutions at 0°, approximately 33 p c. of 
the base exists in the ionised condition (Her. 
1890, 23, 3220 ; 1895, 28, 1737 , 1898, 31, 1612) 

Benzenediazonium {Viazobcnzene) behaves 
like an alkali or a complex ammonium cation 

Benzenediazonium hydroxide {Diazobenzcne 
hi/drate or hydroxide) is only known in solution, 
and IS pioduced by treating aqueous benzene- 
diazonium chlondo with the calculated amount 
of silver oxide, or by adding barium hydroxide 
to a solution of benzenediazonium sulphate 
(Hantzsch, Ber 1898, 31, 340) The solution is 
strongly alkaline, and gives at once an azo- 
compound with j3-naphthol , the dissolved base 
decomposer, however, fairly rapidly even at 0° 

The striking similarity in the physical and 
chemical properties of the diazonium and 
quaternary ammonium salts suggests the 
existence of qumqucvalent nitrogen in the 
former compounds, and on these grounds the 
following formula, formerly proposed by Blom- 
strand (1869), 8trecker (1871), and Erlenmeyer 
(1874), has now been generally adopted for 
benzenediazonium chlonde and its homologues ; 

N 

althouf^h, for many years, the alternative con- 
figuration, CgHg-N— N 01, suggested by Kekul4, I 
was usually employed. | 


The close analogy existing between the 
diazonium and alkah salts is shown further by 
the facility with which the former yield double 
salts with cobaltie mtnte and with the chlorides 
of platinum, gold, and mercury. Diazonium 
pernahdes are also known, corresponding with 
the perhalides of potassium, rubidium, caesium, 
and quaternary ammomum bases (Ber. 1895, 
28, 1736, 2754). 

The benzenoid diazomum salts with colour- 
less anions (nitrates, sulphates, chlorides) are 
generally colourless, but the corresponding 
bromides, iodides, and thiocyanates are coloured, 
and the deeper the colour the more explosive 
the salt. When cooled in liqmd air, these 
coloured salts become less coloured ; moreover, 
their aqueous solutions are colourless 

The development of colour and increase in 
explosibility are considered by Hantzsch to 
indicate a change m constitution, the coloured 
substance being regarded as an equilibrium 
mixture of diazonium salt and 8yn-di\&.zo- 
compound (v infra). This equilibiium is dis- 
turbed in the sense of forming more colourless 
diazomum salt by lowering the temperature or 
by dissolving the substance in water (Hantzsch, 

I Ber 1897, 33, 2179 , 1900, 33, 2179 , Euler, Ber. 
j 1895, 31, 4168) But although in the benzene 
senes the diazomum chlorides, nitrates, and 
sulphates are colourless, yet in the diphenyl and 
naphthalene series, many diazomum salts with 
those anions are coloured and comparatively 
stable. Moreover, this colour (yellow or orange) 
IS retained either in aqueous solution or at the 
temperature of liquid air. Apart from their 
coloui, these salts have all the properties of the 
simpler diazomum salts (neutral solutions, 
coupling with plienols, &c ). These facts 
indicate that mcreovse in the complexity of the 
organic portion of the diazomum cation leads to 
the development of colour m normal diazomum 
salts 

[Coloured diazomum holtSi v Hantzsch, Ber 
1900, 33, 3183 , 1901, 34, 4168 , Annakn, 1900, 
312, 126 , (/am, Chem Soc Trans 1905, 87, 5 ; 
Morgan and others, ibid 1907, 91, 1311, 1505; 
1908, 93, 614 , 1909, 95, 1319 ) 

The idea embodied in Blomstiand’s diazo- 
nium formula (v. supra) fails to express one 
important point, namely, the dependence of the 
stability of tlio diazo- complex <3n the presenco of 
an unsat urated group Yet this is a matter of 
fundamental importance, for hitheito no amine 
in which the basic nitiogen Is attached to a 
fully saturated ring or complex has yielded a 
diazomum salt 

Cam has suggested an alternative formula, 
(2), giving expression to this circumstance 
(Chem Soc Trans 1907, 91, 1051), in which the 
diazomum salt is represented as havmg a para- 
hemiqumonoid constitution , and this conception 
has been extended by Morgan [ibid. 1908, 93, 
617 ; 1910, 97, 2663) so as to include the equally 
admissible ortho -hemiquinonoid configurations 
(1) and (3) : 



H 


( 1 ) 



( 2 ) 



H 

( 3 ) 
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Euler has also advocated a para- hemiqumonoid 
structure for diazonmm salts (Bor 1908, 41, 
3979). 


Non-aromatio Diazonium Salts. 

The foregoing hypotheses of the constitution 
of aromatic diazonmm salts, which bases their 
existence on the unsaturated nature of the 
aromatic complex, accord with the fact that 
certain non-aromatic primary amines containing 
unsaturated orgamc groups manifest, in some 
degree, the property of diazotisability Among 
these bases are amino tnazole (1 ) ancl its deriva- 
tives, and ammoantipyrine (II ) : 

/NH-N N(CH3)-N(C-H,) CO 
NH3-C<^ IJ 1 1 

^N— CH C(CH3)r-=zi__C NH^ 

I II 


(Thiele and Manchot, Annalen, 1898, 303, 33 : 
Knorr and Stolz, ihid. 189b, 293, 07 , cf Bcr 
1900, 33, 1158 , 1906, 39, 2925 , Annalen, 1900, 
312, 133). In addition to amino dciivatives of 
the pyrazolino group (Michaelis, Annalen, 1906, 
350, 288), the 4- and 5-amino derivatives of the 
pyrazole group give rise to remarkably stable 
diazonuim salts (Morgan and Reilly, Chom Soc. 
Trans 1914, 105, 436 ; Miehaelis and others, 
Annalen, 1911, 38^5, 1; 1915, 407, 229, 274; 
Mohr, J. pr Chom. 1914, [n ] 90, .509) 2 Amino- 

thiazolo, a heterocyclic base containing sulphur 
and nitrogen in the img, furnishes diazonium 
salts of the oxy acids (Morgan and Morrow, 
Chem Soc Trans 1915, 107 1291). Distinct 
evidence of diazotisability has been adduced in 
the indole and pyrrole scries (Angcli and 
d’ Angelo, Atti. R. Accad Lincoi, 1904, fv.] 13, 
1 . 258; Angelico, / c 1905, 14, ii 167) It 
has also been shown 'K. A Hofmann, Hock 
and Roth, Ber 1910, 43, 682, 1087) that amino- 
guanidine gives rise to dia/oniiim saHs, derived, 
however, not from the salts of ammoguamdine 
itself, but from a more complex molecule con- 
taining two guanidine residues, and having a 
greater degree of imsaturation The diazonmm 
nitrate, for example, is represented by the 
formula • 


NH NO^-N, NH C( NH)\„ 
^"VXNH,) NH— NH 

containing a diazo- complex associated with an 
open chain having three unsatii rated linkings 


II. Cyclic Diazo- CoMrouNDS. 

In certain instance's, the action of mtrous 
acid on substituted aromatic amines leads to the 
formation of compounds having their diazo- 
nitrogen in a cyclic complex, this result being 
due to the subsequent interaction of a sub- 
stituent group. 


1. Internal Diazonium Salts. 

Sulphonatod amines of the benzene and 
naphthalene senes furnish diazo- denvatives 
which are generally misnamed diazo-mdphontc 
acids These compounds, however, do not 
contain ionic hydrogen, and are really internal 
diazonium salts ; No 1, the so-called ‘ diazo- 
benzenmdphomc acid,'' being henzenediazontum- 
p-svlphoTiate, whilst No. 2 is naphthalene-\- 
diazonium- 6-sulphonate 



These internal diazonmm sulphonates are pf 
great technical importance in the manufacture of 
azo- dyes (r Azo- colouring matiers) They 
arc proparetl either by adding sodium nitrite to 
an acid suspension of the ammo sulphonic acid 
or by acidifying a solution containing nitrite 
and the alkali salt of the aminosulphonic acid 
(Rev. prod chirn. 1917, 20, 21). 

' Of a similar nature arc the cyclic diazo- 
denvatives obtained by diazotismg aromatic 
aminocarboxyhc acids (cf Bulow and Haas, 
Bcr, 1911, 44, 601), e.q. ' dtazo-anihraruliL acid'' 
or henzcnediazoni nm -o-carhoxylatc 



which IS employed m the production of methyl 
red (e AciDiMiiTRY and Alkalimetry) 

2. Cyclic Diazo- CoMrouNus due to 
Internal Condensation 

Aromatic ortho- and jieii-diamineii do not 
yield diazonmm salts, inasmuch as their intei- 
action with nitrous acid leads at once to the 


formation of cyclic 
compounds) 

dmzonmnes {Atunmo- 

NH NN 

1 1 

rr> 



\j\/ 

(1 ) 

(2) 


Phenylene-o-diazoimine (1) {Azimmohcimnc) 
and naphthylene- 1 8-diazoimine (2) (1 ^-Azimmo- 
naphtfmlenc) are typical members of this series 
of diazo- compounds 

'Phe tnazole rings thus set up are remarkably 
stable, and in the case of the ortho- derivatives 
(No 1) are not opened by mineral acids without 
complete rupture of the molecule The pen- 
diazoimincs (No 2) occupy a position inter- 
mediate between the oitho-diazoimines (No. 1) 
and the para-diazoimines {v infra) 

The 1‘2- and 2 3-naphthylcne-diamincs 
furnish respectively 1 2- and 2 '^-napfdhylene- 
diazoirnines (1 2- and 2 3 -azimi nonaphthalenes), 
(Constitution of ortho-diazoimines and their 
acyl- derivatives, Gness, Ber. 1882, 15, 2195; 
Kokul6, Lohrbuch, ii 739 , Morgan and Godden, 
Chem. Soc Trans 1910, 97, 2557; cf Ber 
1874, 7, 316; 1876, 9, 221, 1887, 20, 2999, 
1894, 27, 874; Annalen, 1889, 255, 344, 
Chem. Soc Tians 1906, 89, 4 ) Although 
Griess’s formulation for the azimino- compounds 


CgH 4 <[^ I , j;;;NH still persists m chemical litera- 


ture, it has been disproved completely, and that 
of jCekul6 substantiated by the preparation of 
three pairs of isomeridcs having respectively 


VOL. TJ,—T. 
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the following formulae, where R=acotyl, ben- 
zoyl, or bonzenesulphonyl 

This form of isomerism could not exist with 
(>i loss’s symmi'trioal configuration (Morgan, 
Micklothwait and Schaiff, (’hem Soc Trans 
lOia, 103, 1304, 1014, 105, 117). Although 

the^se diazoiminos do not couple with phenols 
and aromatic bases to form azo-dyes, yet a 
synthetic employ rnimt has Ix'en found for them 
in the production of farbazole derivatives which 
are obtained on heating tlieso cyclic dia'o- 
compounds (Ullniann, Bcr 1898,31, 1097, 1014, 
47, 380). 

Similar stable cyclic diazo- compounds are 
obtained by diazotising the ortho-ammothio- 
piionols, o-phenylenediazosulphide being a colour- 
less crystalline substance with a sweetish odour 
and feebly basic propeities 

(Jacobsen, Annalen, 1893, 277, 209, 218, 232, 
237) 

3 CvoLio Diazo-Comi’OUNds DUB TO Combined 
Internal Condensation and Salt Forma- 
tion. 

In this group are found certain dia/o- 
derivatives of amines containing slightly acidic 
substituents in ortlio- or para-, but not meta- 
positions with respect to the aminie nitrogen 
(i ) Internal diazo- oxides are produced from 
ortho- and para- aniinophenols and then 
derivatives In some eases, an intermediate 
diazonium salt is formed which condenses to the* 
diazo-oxido on treatment with silver oxide or 
an alkali (Schmitt, Bor 1808, 1, (>7, JIantzsch 
and Davidson, ihid 1890, 29, 1522 , (-amcron, 
Amer Chem J 1898, 20, 229) The first diazo- 
compound prepared by Gness (Annalen, 1858, 
100, 123), namely, dinitrobenzenediazo-oxlde 

(NOj) 2 CgH 2 <^ I belongs to this ehuss ; it is 

roduoed by diazotismg picramic acid, and has 
een utilised in the production of azo- colours 
(D R. P 151332). The 1 2-, 2.1-, 2 3-, and 
1 • 8 aminonaphthols and their sulphonic acids 
similarly give rise to internal diazo-oxides which 
are so stalilo that they can be nitrated, Thesi' 
internal diazo-oxides are readily transformed 
into diazonuira salts by mineral acids, and are 
therefore available in the production of azo- 
dyes (Eng Pat 28107, of 1897 ; 10235, 15025, 
of 1904 ; Fr Pat 353780 of 1905 ; D R. PP 
155083, 104005, 171024, 172446, 175593, 17(5618, 
176019, 170(>20), 

Internal diazo-oxidos can also be produced 
by leaving the diazonium salts of highly sub- 
stituted amines {eg 2 4 6-tnchloroaniline) in 
aqueous solutions eontaimng no free mineral 
acid (Orton, Proc Roy Soc 1903, 71, 153; 
Chem. Soc Trans. 1903, 83, 796) 

Thos ^ diazo- derivatives have been formu- 
lated either as cyclic diazo-oxides {^ ) or os 
quinonediazides (11.) : 

0 C,H, Na 

1 I 




(c/. Wolff, Annalen, 1900, 312, 126 , Morgan 
and Micklethwait, Chem. Soc. Trans 1908, 93, 
607) 

Repeated attempts to prepare internal diazo- 
oxides from m-aminophonol and its nitro- 
derivatives, which have boon quite unsuccessful, 
strengthen the view that these diazo- derivatives 
are to be regarded as qmnonodiazooxides (II ), 
with the reservation that similar compounds are 
producible from 1 8 -aminonaphthol, ‘ H acid,’ 
and other pen- derivatives (Morgan and Porter, 
/ c ). In the case of aminophonolsulphonio 
acids the NHj()H=I.2 compounds give those 
coloiireil o-quinonediazides , the NH, ()H=14 
compounds yield dia/onium sulphonates changing 
to p quinonediazides on jiartial neutralisation, 
tho NH[ 3 : 0 H “1 3 compounds give rise only to 
diazonium sulphonates which lose diazo-mtrogen 
and furnish complex azo derivatives on treat- 
ment with alkali (Morgan and Tomlins, C'hom. 
Soc Trans. 1917, 111, 497). 

(ii ) Para diazoi mines and diazoimides. 

’riio simplest example of the para-diazo- 
imines is obt.iined by tho action of alkalis on the 
diazonmm salts of p-ammodiphenylanime 
(Annalen, 1888, 243, 282; Ber 1902, 35, 895) 
Tho following alternative foimula' (III and IV ) 
have been given to this product — 


CoHs-NCeH, 

I I 

111 


C.H,N-C«H, 

IV. 



coricsponding respectively with the foregoing 
fonnuLo (1 and JI ) for the internal diazo-oxides. 
Successive nitration of the phenyl group 
gradually increases the stability of these p- 
diazoimines (Chem Soe Trans 1908,93,604). 

The para- diazoimides are piodiiced from the 
acyl- and arylsulphonyl- derivatives of the 
para-diamines, and similar products are obtained 
from tho arylsulphonyl - 1 * 8 -naphthylenedi- 
amines. The production of these diazoimides 
takes place in two stages, the diazonium salt 
fimt produced being decomposed by sodium 
acetate or mild alkali, yielding tho internal 
condensation product 

NaAc 

R SO, NH N,'C1 ^ R SO^-N C.H 4 N 2 

HCl ' ! 

V VI. 


These para-diazoimides (VI.) are yellow 
sparingly soluble substances readily reconverted 
by strong acids into the corresponding diazonium 
salts They combine additively with phenols, 
naphthols, naphthylamines, and their sulphonic 
acids, yielding azo- colouring matters (Morgan 
and » Micklethwait, J. Soc Dyers and Colourists, 
1909, 25, 107 , cf Chom. Soe. Trans 1905, 87, 
74, 921, 1302 , 1906, 89, 1162 ; 1907, 91, 1509 , 
1908, 93, (315 , Badisehe Amlin- und Soda-Fabnk 
D R P 205037) 

The foregoing general reaction has been 
extended further by the device of diazotismg 
with liquid nitrogen trioxide in an anhydrous 
solvent such as acetone. Ju this way the 
simplest members of the senes Ac N. 0 <jH 4 :N 2 
have been obtained eontaimng formyl, acetyl, 
and benzoyl groi^ (Morgan, Upton and 
Cleaze, Chem. Soc. Trans. 1917, 111, 187 ; 1918, 
113. 


I. 
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III. Diazoamines. 

Tho diazoaiYimos or diazoammo- compounds 
have the general formula XN^ NHY, and may 
be either aromatic, mixed aromatic-aliphatic, or 
aliphatic in character, according as to whether 
X and Y are aromatic or ali^ihatic hydrocarbon 
radicals. 

1 Aromatic Diazoamines. 

The aromatic diazoaramcs are produced 
(1) by the action of nitrous acid (1 molecule) on 
two molecular propoitions of a primary benze- 
noid amine , (2) by coupling a diazonium salt 
with a primary or secondary lienzcnoid amine. 

DiazoaminobenzeneOfllfg-N^ NH CgHg, yellow 
crystals, m p 98'^, is pioduccd in quantitative 
yield by dissolving 10 parts of aniline in two 
parts of water containing 12 parts of hydrogen 
chloride, diazotising with 8 paits of sodium 
nitrite, and adding the diazo- solution to a 
solution of 10 parts of aniline m the calculated 
amount of hydiochloric acid Tho diazoammo 
IS precipitated on tho addition of sodium 
acetate. (Absorption spectrum of diazoammo- 
benzene, Purvis, (!hom 800. Trans. 1914, 105, 
690 ) 

When warmed with aniline containing 
aniline hydrochloride, diazoammobenzeno is 
transformed into ^?-aminoazobenzene {v Azo- 
colouring matters), tho velocity of transforma- 
tion obeying the law of ummolecular reactions 
When the transformation occurs below 40° a 
small proportion (about 4 p c ) of o-amino- 
azobenzene is produced (F H Witt, Ber 1912, 
45,2380, 1913, 40, 2557) 

Diazoamino /i-toluene O7H7 NH C-II^ is 
prepared in a similar manner, and iinaeigoos 
transformation into an ortho-azo- compound, 
but tho velocity of this change is only about 
one-ninth of that of tho preceding transfor- 
mation to para-azo- derivative 

The coupling of diazonium salts with meta- 
phenylenediamine, diphenylarainc, the naphthyl- 
araincs and their alkyl derivatives, leads directly 
to the production o^ azo- derivatives , m these 
cases, intermediate diazoamines have not been 
isolated, except when tho reactive ortho- or 
para- positions are already substituted (Morgan, 
Ohem Soc Trans. 1902, 81, 91 ; 1907, 91, 370) 

When an aromatic base, XNHg, is coupled 
with a diazonium salt YNgCl, the resulting 
diazoamme is identical with that produced from 
XNgOl and YNH^, and is generally regarded as 
being an equilibrium mixture of the two iso- 
merides XNH-N^Y and XN^-NHY This ex- 
planation assumes tho migration of the diazo- 
grouj) which has been observed to occur in 
several instances (Ber 1882, 15, 2190 ; 1896, 
29, 287 ; 1897, 30, 1412). 

(For tho constitution of the unsyrametrical 
aromatic diazoamines, XNIPN^Y, v Moldola 
and Streatfeild, Ohem Soc Trans 1886, 49, 
624 ; 1887, 67, 102, 434 ; 1886, 53, 664 ; 1889, 
65, 412 ; 1890, 57, 785 ; cf, Forster and Garland 
tbid, 1909, 95. 2051 ) 

2. Aliphatic -AROMATIC Diazoamines. 

The diazoamines containing one aliphatic 
and one aromatic group can be produced by 
(1) coupling a diazonium salt with an aliphatic 
amine (Ber. 1888, 21, 1016, 1112 ; 1889, 22, 938, 


1302) ; (2) by treating an azido with Grignard 
reagent : 

Rn/ (I FR'MgBr=RN(MgBr) NNR' 

H2O R NH N NR'-j-MgBr OH 

(Dimroth, Bor 1903, 36, 909; 1905, 38, 670, 
2328 ; 1907, 40, 2390). Diazoammes present 

the possibility of stereoisomerism, but their 
relative stability and tho fact that they couple 
only slowly with j8-naphthol, confirm the view 
that they are generally ordi-diazo- compounds. 

(For steieoiHomcric diazoamines, v J Russ 
Phys. Chem Soc 1906, 38, 678 ; Zoitsch 
angew Ghem 1900, 13, 762 ; 1002, 15, 1209 ) 

Arcnnntic hmJmzoamivo- compound/if eg. 
(C4H5 N2)>N GflHg, have been obtained by the 
action of 2 molecular proportions of a diazonium 
salt on one of an aromatic amine (Ber 1894, 27, 
186.3, 2597 , 1895, 28, 170) 

Mixed alipluihc-aronmi ic hisdmzonmino- de- 
rivatives (v Ber 1888, 21, 1016 , 1889, 22, 933 ; 
1907, 40, 2390) 

Diazo-\p-seni,icarhaziiie<i (i> Forster, Chom. 
Soc Trans 1906, 89, 223) 

3. Aliphatic Diazoamines. 

Dimroth’s general method may bo applied 
to tho production of purely alqihatic diazo- 
amino- compounds In this way, tho simplest 
member of tho senes, diazoaminomethane 
(dimethyltriazene) (^H.N N NH (ll^, hius been 
prepared from methyl azide and magnesium 
methyl lodido This substance, which is 
isolated by distilling its copper derivative with 
diazoaminobenzenc undcT reduced piessure, is a 
colourless liquid, solidifying at -12° and boiling 
at 92° (Dimroth, Ber. 1905, 38, 1575 , 1906, 39, 
3905) 

IV Duzo- Oxides 

When a diazonium salt couples with a phenol 
the product is generally an ortho or a para- 
hydroxyazo- compound (the G-azo- derivative), 
but in all probability, the C)-azo- derivative is 
first produced, for 111 a few instances, when tho 
velocity of transformation has been lessened by 
substitution, the mtcrmediato 0-azo- compound 
or diazo-oxide has been isolated p-Bromo- 
benzenediazonium chloride and p-nitrophenol 
give pd}romobe7izenediazo-4: oxninttohcfizene 

CeH^Br N N 0 G8H4 NO^ 
which, at 80^^, becomes transfoimed into its 
isomorido, p-hrmnobenzme-2-azo-4:-mtrophenol 

Cell^BrN N GeH4(NO JOH 
(Ber 1908,41,4027,4304) 

Occasionally traces of these intermediate 
diazoamines and diazo-oxides ean be deteeted in 
tho commereial azo- colour ing matteis (Vaubel, 
Zeitsch Farben Textil Ind 1902, 1, 3). 

V. Metallic Derivatives of Diazo - 
Compounds. 

In 1894 Schraubo and Schmidt (Ber 27, 
614) found that on addmg a 10 p.c. solution of 
p-mtrobe^zenediazomum chloride to 18 pc 
aqueous sodium hydroxide at 50°-60°, a sodium 
diazo- derivative separated in yellow bronzy 
leahets, to which they gave the formula 

NO, CeH4*NNa-NO,H,0 
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regarding the compound as the sodium deriva- 
tive of p-nitrophenylnitrosamine This view of 
the constitution of the product was confirmed 
by the a<3tion on tlie compound of methyl iodide 
when p-nitroplienylmethylnitrosammo 
NO, 0,H4 N(CH3 ) no 
was obtained 

This sodium salt, which was regarded by 
Hantzsch as having the constitution of an anti- 
diazo- compound, sodium p-nitrobenzenediazo- 
OXide (r tnfra)y has been manufactured for use 
m the production of ‘ nitrosamme red ’ (Badische 
Amlin- und Soda-Fabnk 1) R 1*P 78874,80203, 
81134, 81202) The addition of excess of 
mineral acid to this metallic diazo- derivative, 
determines the regeneration of the original 
diazonium salt, but treatment with dilute acetic 
acid leads to the formation of a yellow product, 
p-nitrophcnyhiitrosamine NOg CaH4 NH NO, a 
substance showing little tendency to couple with 
;8-naphthol 

The silver derivative obtained from the 
foregoing sodium salt yields on methylation 
an oxygen ether NO, C4H4 N N 0 (TI3, a re- 
action suggesting the possibility of tautomeric 
change In many instances, two isomeric 
modilieations of these metallic diazo- deii- 
vatives have been isolated 

Benzenodiazonium cliloride and cold concen- 
trated potassium hydroxide yield the normal 
labile form of poUminm heuzeneduno-oxide (I ), 
which readily couples with /3-naphthol The 
siMe modification of potassium benzencdiazo- 
oxide (Tl ) is produced by heating the strongly 
alkaline solution of the normal or labile salt at 
130°- 140° ; this isomerido couples only very * 
slowly with /3-naphthol ! 

According to Hantzsch, these isomeiides have 
respectively the following formula,' — 

N CeH, N 

11 II 

KO N N OK 

I Syn- (labile form) IT Anti- (stable form) 

Dobbio and Tinkler ((3icm Soc Tians 1005, 
87, 273) have found, however, that these iso- 
meric potassium salts have totally diflerent 
ultra-violet absorption spectra But as stereo- 
isomorides, like the bcnzaldoximes, have iden- 
tical absorption spectra, it seems probable that 
the above isomenc salts are structurally dis- 
similar. Confirmation of the stereochemical 
theory would bo obtained by isolating the anti- 
diazohydroxido from the stable {anti-) potassium 
salt, but on treating this with an acid, the nitro- 
samine separates Moreover, the product sup- 
posed bv Hantzsch and Pohl to bo an anti- 
diazohydroxide (Ber. 1902, 35, 29G4) was shown 
by Orton to bo a mixture of qumonediazide and 
a hydroxyazo- compound (Proe Roy Soc 1903, 
71,153; Chem Soc Tians 1903,83,796) 

The existence of the syn- diazohydroxidos is 
doubtful, and diazonium hydroxides (?;. supra) 
are only known in solution. 

Diazo-anhydrides R N N 0 N NR or 
R*N*0 N.NR are very unstable explosive com- 
N 

pounds produced by the action of acetic acid on 
the metallic syn- diazo-oxides. The antt- diazo- 
oxides, when thus treated, give nitro samines. 

Aromatle diazoie acids Ar N 2 O 2 H. Benzene- 


I diazoie acid, produced by oxidising potassium 
' benzcnesyndiazo-oxidc or -isodiazo-oxide with 
I potassium femeyanido in alkaline solution, is 
obtained in sparingly soluble white leaflets 
(m p 46°) dissolving readily in organic solvents 
' 01 alkalis With mineral acids it is transformed 
into 0- and p-nitroanilinc, and with hypo- 
’ chlorites it yields 4-chIoro-2-nitroanihno 
Its sodium salt gives the a- or N-ester 
OflH, Nlf’H,) NOj, the silver ^alt furnishes the 
' p- or 0-e‘'ter’, Pfllljj N N()(^ (’Hg Since the 
I acid is also obtained by the action of nitrogen 
pcntoxide on aniline it is probably a tautomei ic 
substance (’gH,- NH N NOgf^Bam- 

berger, Ber 1893, 26, 471; 1891,27,359,914, 
584, 1273, Hantzsch, Ber. 1902, 35, 258) 

VI Diazo- Cyanides. 

The addition of the calculated amount of 
potassium cyanide to a cold acid solution of a 
diazonium salt determines the formation of a 
sparingly soluble diazo- cyanide. In many 
instances, two modifications of the diazo - 
cyanides can be distinguished, and these varieties 
are regarded by Hantz.sch as being stcrcoiso- 
meric forms p-Chlorobenzenediazomum chlor- 
ide, from p-chloraniline, yields first the yellow 
labile «v^i-?>-chlorobenzenediazocyanide (1.), 
which readily evolves mtiogen, yields 
CJT4C1 N CeH4Cl N 

CN -It n cn 

I. (Syn-diazocyanide II. vtnfi-diazocyanido 
/>-chlorobcnzonitriIe on treatment with copper 
powder, and passes into the stable u«/i-p-chloro- 
benzenediazocyanide (II ) 'fhe latter sub- 

stance, which is not aflected by copper powder, 
may bo distilled in steam without decomposition. 

Confirmation of this stereochemical theory 
, of the constitution of the dia/o-cyamdes htus 
been obtained by a study of the cyanides de- 
rived from p-methoxybenzenediazomum chlor- 
ide This salt with potassium cyanide in 
alcoholic solution yields the 5?/«-dia70cyanido 
(III ), an orange-red insoluble substance (m p. 
51°), which couples with /8-naphthol and slowly 
changes into the non-coupling anti - diazo- 
cyanide (IV ), a browmsh - red compound, 
melting at 121°. 

CH3 O CeH4 N CH3 0 C8H4 N 

II II 

CN N N CN 

III. IV. 

The existence of a third isomeric cyanide is 
indicated by evaporating at the ordinary tem- 
perature in the presence of excess of hydro- 
cyanic acid, an aqueous solution of p-methoxy- 
benzenediazomum hydroxide The colourless 
crystalline product has the composition : 

CH3O C4H4*N2-CN,HCN,2H,0 
and possesses all the properties of a true metallic 
salt ; it IS very soluhle, and its solution is an 
electrolyte. Moreover, this double salt couples 
With /8-naphthol, and is converted by alkalis mto 
the yellow 5?/w-diazo cyanide These properties 
correspond with those of the normal diazonium 
salts, and the foregoing soluble cyamde is re- 
garded as having the following constitution ; 
OH, O C,H4 N cn 
N 

(Hantzsch, Ber. 1900, 33, 2161 ; 1904, 34, 4166). 
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The two pairs of diazo- cyanides from p- 
ohloraniline and /?-anisidine were examined 
spectroscopically by Dobbie and Tinkler, who 
found that each pair gave almost identical 
ultra-violet absorption spectra, whereas the 
above soluble diazomuni cyanide ga\ e an entirely 
different spectrum These lesults are in aecoid- 
ance with Hantzsch’s \iew of the configuration 
of the diazo- and dia/oniurn cyanides (Chem 
Soc. Trans. 1905, 87, 273) 

It has, however, been suggested by several 
workers in this field that the isomeiLsm of the 
diazo- cyanides is structural, the sipi- compounds 
being /.sQ-cyaiudes R N N NC and their aydi- 
isomcrides, cyamdes R N N ON (Ber 1895, 28 
861 ; Chem Soc. Trans 1903, 83, 805) 

VII Diazo- Sulphonates. 

Although the stereochemical theory of the 
constitution of diazo- cyanidt's is supported by 
physical as well as chemical evidence, yet it is 
smmhcant that the only other bciics of salts in 
which this isomeiism has been detected ls one 
derived from sulphurous acid, a substance 
resembling hydiocyamc acid in giving rise to 
organic isomeric deiivatives which aie structur- 
ally dissimilar 

The diazo- sulphonate.-?, prepared by adding 
otassium sulphite to aqueous solutions of 
enzenoid diazonium chlorides, frequently exist 
m two differently coloured modifi( ations, but in 
most cases the syn- isoraeridc is too unstable to 
be isolated m a pure state 

Potassium syn-2 4-diiodobenzenediazosulpho- 
nate (I.) is an orange substance, whilst the imii- 
salt (U ) IS yellow ; 

Cetlal. N CeHal, N 

ll II 

KSO3 N N 8O3K 

I II, 

The diazotised naphthylammcs behave ex- 
ceptionally, yielding only ^yw-dia/osulplionates, 
which, on warming pass, not into their anli- 
isomerides, but into the coi responding azo- 
naphthalenes (Ber 1897, 30, 71). 

The syn- and anti- modifications of potassium 
benzenediazosulphonate C3II5 N N 8O3K, were 
found by Dobbio and 3’iiikler (/ c ) to have 
identical ultra-violet absorption spcctia This 
fact supports the stereochemical thcoiy of their 
structures (c/. Ber 1894, 27, 1726, 2099, 2580, 
2930, 3527 ; 1895, 28, 242, 447, 834, 861 , J pi 
Chem 1894, fii ] 50, 239 ; Meyer and Jacobstn, 
[.ehrbuch dor Org Chem 11 303) 

VIII. Aliphatic Diazo- Compounds. 

The amines of the alifjhatic senes, when 
treated with mtrous acid, generally lose their 
basic nitrogen, the ammo- group becoming re- 
placed by hydroxyl In some case^, however, 
the mtrogen is retained and an aliphatic diazo- 
compound is produced, having the general 

formula RH with the azo- group attached 

entirely to the same carbon atom 

An alternative foirnulation has been sug- 
gested for the aliphatic diazo- compounds in 
which one nitrogen is qumquevalent, so that 


the general formula becomes ^C*N‘N (Thiele, 
Ber. 1911, 44, 2622; Forster and Cardwell, 
Chem Soc. Trans. 1913, 103, 861; cf Her 1912, 
45, 1654; 1916, 49, 1884 

Although glycine is converted by nitious 
acid or alkyl nitrites into glycoUic at id, ^ct its 
ethyl ester gives use to ethyl diazoacetate 
Nj CH CO^ C/Hg, a yellow liquid freezing at 
24’ and boilimr at 143°- 144 772 mm (Cuitius, 
Ber 1883, 16, 2230) 

One kilogiam of ethyl aminoaeetate l!}tlio- 
chloiide and 750 grams of sodium nitrite aic 
added successively to 2 litics of water containing 
5 giams of sodium acetate. The mixtuio is 
sliakon until the tempeiatuio falls to 0° , 5 e c. 
of 10 p e sulphuriL atiil and 500 c e of ethei are 
added and the liquids thoioiighly agitated The 
ethereal layer is separated and tlic treatment with 
thluto acid and ether lepeated until led fumes 
are evolved ^i’he ethei cal extracts aie washed 
witli dilute a(|U(‘ous sodium i ai bonate till 
alkaline, diied with calcium chloiide, and the 
solvent lemoved on the water-bath The yu‘ld 
of ethyl diazoni etate is 94 7 p c of the ( ah ulated 
quantity (Silberrad, ('liem Soe Tians 1902,81, 
() 00 ) 

With iodine, etliyl diazoacetate yields 
diiodoaeetic acid, and witli aldehydes it con- 
denses to foim kctonic esters 

R-CHO-fN.CH CO, C.IR 

RCOCII, (K),C,H5 

One of the most reniaikable reaitions of this 
dia/o- ester is its c ondensation witli ben/enc and 
its honiologues, giving iisi^ to a senes of esUus 
containing seven-nuunbeied hydrocarbon rings 
(BudicK'r, Her 189()-1903, 2i), 106, 30, (>32, 
1949 , 31, 399, 402, 2004, 2241, 2247 , 32, 705 , 
33, 184 , 3b, 3509 ; Aimalen, 1908, 358, 1) 

Ethyl dia/oacctati', wlien heated witli alkalis 
undergoes a series of comjilex pulymeiie changes 
(Cuitius, Ber. 1885, 18, 1283, 1906, 39, 1383, 
3398, 4140 , 1907, 40, 84, 815, 1176, 1194, 1470 , 
1908, 41, 3116, 3140, 3161 , J pi Chem. 1888, 
12] 38, 408, Hantzsch, Jicr 1900, 33, 58, cj 
Chem Soc Trans 1902, 81, 598) 

Diazo- derivatives aie not obtained fioin 
free a-ammo-eaiboxyhe acids, and only fiom 
tl.ose ammo-esters of .ihphatic acids containing 
the ammo- gioup m the a-position with ic*spect 
to alkylatecl caiboxyl group The esteis of 
those polypeptides which contain the ammo- 
group m the a-position to a caiboxyl- group can 
also bo transformed into diazo- derivatives. 

Nri,ClI.C0NHCH,(K)2Et 

N, CH CO NH CH, CO^Kt 

The a-arnmoketones (c (j a-aminoacetophcnone 
CgHg CO CH,’NH,) give diazo- compounds (Ber 
1904, 37, 2080), and so also do certain uric acid 
compounds, e g aminomethyluracil. 

Diazomethane CH,<^^, or CHg-N i N, the 

, simplest aliphatic diazo- compound, is prepared 
by adding methyl-alcoholic potassium hydroxide 
to an ethereal solution of mtrosomethylurcthane 

C2H5 0 co-n(ch3) no 

and distilling the mixture on the water- bath, 
wiien the distillate consists of an ethereal solu- 
tion of the diazo- compound, the yield being 
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50 p.c. of the calculated quantity. This sub- 
fatance is also produced by the action of hydroxyl- 
amine on dichloromethylammo 
CH, NC1 j+H,NOH--CH 2 f Hj6+2H(!1 

Diazomothane is a poisonous yellow gas 
condensing in snow and calcium (hloiido to a 
yellow liquid boiling below 0'^ It is a jiowerful i 
methylating agint, conveiting hydroxyl groups 
into mctho\yT, and alkylating primary and 
socoijdary bases. With lochne, diazomc thane 
gives nitiogen and nu'thylene iodide, and alde- 
hydes are converted into methyl ketones (c/ 
Monatsh 1905, 2b, 1295, 1311 , Bcr 1907, 40, 
479, 1908,41,3199, 1909,42,2559; Chem. 
Soc. Trans. 1908, 93, 242). 

Diazornethane c-ombines additively with un- 
saturated compounds ; with aeetyhme it gives 
lyrazolo (Bcr 1898, 31, 2910), and with ethyl 
urnaiato it furnishes ethyl pyrazolinecar- 
boxylato 

Diazoethane CH^Clf.Na and phenyldiazo- 
methane (U1 have both been pieparcd 
(Bcr. 1902, 35, 897) The foimer closely le- 
sombles diazomethane, the latter is a dark-red 
oil 

Substitution increases considerably the 
colour of these diazo- deiivatives dimcthyl- 
(hazomethano <'( 0113 ) 21 ^ 21 '^ red and diphenyl- 
diazomctliane is obt<iined m bluish icd needles 
melting at 20' (Htaudinger, Ber 191(), 49, 1884) 
Dia/oniethane should not be conficsed with 
azomethane CIIt N the simplest a/o- 

cornpound which is produced by oxidising 
symmetrical dimcthylhydiazmo (hydi azonic- 
tnano) with chromic and (Thiele, Bei 1909, 42, 
2575) Azomethane is a colourless gas con- 
densing to a pale yellow liquid (bp I 5'^). 

Diazomethanedisulphonic acid, a note- 
worthy example of an aliphatic diazo-compound, 
results fiom the interaction of potassium cyanide 
and potassium bisulphite in pieseni'e of caustic 
potash. 4’he solution, acidified and treated with 
nitrous acid, yudds successively aminomethane- | 
disulphonic acid and the diazo- compound 
»Sulohurous acid and diazomethanedisuljihonic , 
acid yield an additive compound which, on i 
boiling, furnishes hydia/ine (V. Bcchmann, Ber ' 
1895,28,2374, 189(), 29, 2l()l) I 

Diazoacetone Ng, a pale yellow 

liquid, IS obtained from aminoacetylacctono by 
converting tins base into diazoacetylaeetono 
anhydride and ti eating this product with 
aqueous caustic alkali (Wollt, Annalen, 1912, 
394, 23) 

Metallic diazo- derivatives of the aliphatic 
series are ]jroduccd by treating nitiosoalkyl 
uiethanes with concentiated caustic potash solu- 
tion or ethereal potassium ethoxidc Potassium 
methyldiazo-oxide CH 3 N B OK,HoO separates 
in white crystals, when nitrosomethylurethanc 
IS added to concentrated aqueous caustic 'potash 
at 0°. Potassium benzyldiazo- oxide 
CgHg CH 2 N N 0K,H20 

is similarly prepared from nitrosobenzylui ethane 
These metallic deiivatives are very unstable , 
they are decomposed by water with explosive 
violence, yielding respectively diazomethane 
and phenyldiazomethane (Hantzsch and Leh- 
mann, Ber 1902, 35, 897) 

Bibliography — Hantzsch, Die Diazoverbm- 
dungen, Ahren’s Sammlung, 1902 , Morgan, 


I Our Present Knowledge of Aromatic Diazo- 
Compounds, Brit Assoc. Report, 1902 ; Eibner, 
Zur Geschichte der Aromatischen Diazoverbin- 
dungen, 1903 , Gain, The Chemistry and Tech- 
nology of the Diazo- Compounds, 1920 
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DIBASIC ACIDS. Oj.alic and 6e7H6 A 
numerous and important gioup of acids, having 
the geneial foimula (Villen— 2^4 The lowest 
membei of the senes is oxalic and (CH 204 , and 
the highest member at jnesent known, dicdyU 
adipic C 3 gH 74()4 As the ladical is 

capable of existing m a vaiiety of ways, it 
follows that the.se acids may exist in many 
isomeric foims Unlike the fatty acids, the 
lowest membeis of the oxalic acid seiic's aio 
solids 

The naturally occuriing acids exist paitly 
free and jiartlv as salts 01 esters 'Fhus oxalic 
acid occurs chielly as the potassium salt m 
dillerent vaiieties of Oxahs and Bumex , malonic 
acid, as the calcium salt, is found in the sugar 
beet , succinic acid m amber, certain vaiieties of 
lignite, resins, tuipentme oils, and animal fluids , 
roc^elhc acid in liocdla iinctona (D ) Othei 
members of this senes are obtained by the oxida- 
tion of natuially occuinng substances Thus 
suhenc acid is obtained by boiling coik with nitiic 
acid, a/elaic <icid by the oxiilation of castoi 
oil , adipic ac id by the oxidation of suet or . 
tallow, whilst homologues of succmie, gliitaric 
and adipic .icids are ficquently obtained in the 
oxidation of dcriViilives of the tci jienc compounds. 
The higliei membcis of the senes are prepared 
by the oxidation of membem of the fatty acid 
sei les 

General rnethoch of jircpaiatwn 
I (1) By the oxidation of the diprnnaiy 

I glycols, pninary by droxyalclehydes, dialdc- 
I hydes, pimiary hydioxy- acids, 01 aldehydc- 
I acids , e cj glycol, glyeolhc acid, glyoxal, 01 
I glyoxylic acid — > oxalic acid 

(2) By the oxidation of the fatty acids or 
! of acids of the oleic acid senes , e.g, erucic acid 
I bi assy lie acid 

! (3) By the reduction of unsaturated di- 
I carboxylic acids , e g fumaiic acid — > succimc 
I acid 

(4) By the action of silver (powder) on mono- 
j lodo- (or bromo)- fatty acids; e.g, )3-iodopropionic 
I acid adipic acid 

I Exception — The reaction is abnormal when 
, a-bromwobutyric acid is used, di- and tri- alkyl- 
glutanc acids being produced, 
j (5) By the conversion of monohalogen, 
j substituted fatty acids o" of the halogen addition 
' roducts of the alkylenes CnH,n into cyan- 
envatives and sapomfication of the latter , 
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e.g. cyanacetic acid ^ malonic acid ; ethylene 
dicyanide — > adipic acid. 

(6) By the replacement of the hydiogen 
atoms of the CHo group in the malonic esters by 
various alkyl- groups ; € g sodium malomc ester 
and methyl iodide t«o-succmic ester. 

(7) By the t^lectrolysis of concentrated 
solutions of potassium alkyl salts of the di- 
carboxylic acids , e g potassium ethyl maionate 
— >dietnyl succinate 

(8) By the introduction of acid residues into 
the acotoacetic estei-s, and decomposition of the 
product with alkah , i g. acetosuccinic ei>ter 
succinic acid 

(9) By the decomposition of tricarboxylic 
acids containing two carboxyl- groups attached 
to the same carbon atom , e g. etlianetn- 
carboxylic acid succinic acid 

The acids of this senes behave diffciently 
on the application of heat, depending upon the 
position of the caiboxylic groujis Oxalic acid, 
the first member of the scries, breaks down on 
heating mostly into carbon dioxide, carbon 
monoxide, and water, and paitly into carbon 
dioxide and formic acid Thw lattei decom- 
position IS typical of those homologucs of oxalic 
acid m which the two carboxyl- groups are 
attached to the same caibon atom , they are 
the )3-dicarboxylic acids, and of these malomc 
acid is the type On application of heat, 
malonic acid splits into acetic acid and carbon 
dioxide The next class, the y-du aiboxylic 
acids, in which the two carboxyl- groups are 
attached to adjaciuit carbon atoms, when 
heated, lose a molecule of water and pass into 
anhydiides Succinic acid is the type of these 
acids. Acids, such as glutanc acid, in which 
the carboxyl- groups aie attached to two carbon 
atoms sepaiated by a third, behave similarly to 
the 7-dicarboxvIic ac'ids, but form anhydrides 
less readily When the carbon atoms to which 
the caiboxyl- groups are attached are separated 
by two caibon atoms, r g adipic acid, they do 
not influence one another on the application of 
heat Foi these reasons, the parafhii dicar- 
boxylic acids are arranged in ditfcrent groups, 
the geneial piopertics of which will be di&cusscd 
under IVIalonio acid, Succinic acid, and Clu- 
TAKio ACID, which arc types of the several 
groups mentioned above 

(For melting-points of the dibasic acids, v 
Massol, Bull Soc chim [3J 21, 578, melting- 
points of their esters , v. Schneider, Zeitsch 
physikal Chem. 22, 228 , electrical conduc- 
tivity of the acids, v Walden, ihid 8, 448 , 
volatility in steam, v, Aiiwers, Annnlen, 202, 
160 ) 

DIBENZIL V , Ketones. 

DI ISO BUTYLACETIC ACID Decatoic 

ACIDS. 

2 6 DI ISO BUTYLPIMELIC ACID 

CH2[CH^ 0H(C4HJ COaHJa 
Prepared by heating 1 5 di-wo-butylpentane- 
tetracarboxylic acid at 200°-220° (Perkin and 
Prentice, Chem. Soc Trans 1891, 842) ; m p 
82°-84°. 

DICENTRINE C2oH2i04N occurs with pro- 
topine in Dicmtra jmmUa (Sieb and Zucc ) and 
possibly m D. formosa (Walp.). Prismatic crys- 
tals, m p 1G8°-169°, [o'ljj-f 62° in chloroform 
Salts crystalline (Heyl. Arch. Pharm. 1003, 241 


313; Asahma, ibid, 1900, 247, 201). Pro- 
duces slight narcosis (Iwakawa, Arch expt. 
Path Pharm. 1911, 04, 309) Gadamer has 
stated (Arch. Phaim. 1911, 249, 080) that dii'cn- 
time lesembles glaucino m its pioperties, and 
suggests that it is glaucine m which the two 
— OMe groups in positions 6 and 6 are replaced 
by a dioxy methylene gioup 

DICETYLADIPIC ACID Pio- 

paied by heating dicetylbiitanotetracaiboxjlio 
acid to 205° (Lean, ('iieiii Soc. Trans. 1894, 
1010) Two isomeiides aie thus produced, which 
may be sepaiated by crystallihation from 
alcohol, a acid, mp 42°*43° , j8-acid, ni.p 
32° 34° 

DICETYLIC ACID (H(C\eH,,),(:OOH is 

obtained by lieatmg dicetylmalonic acid; m p. 
()9°-70° (Guth/cit, Aimalcn, 200, 305) 

DICETYLMALONIC ACID 

The ethyl estei is foimed by tieating diethyl- 
rnalome estei with sodium methoxido and cetyl 
iodide , the ester is decomposed with a tomcn- 
tiated solution of caustic potiush , m p 80°-87° 
(CJuth/cit, Annalen, 200, 3l>2) 

DICHLORAMINET. Tulueiie-p-sulphono di- 
chlorammc. 

NH^ 

2 r> DICHLOROANILINE ^('l 

IhcparcMl by reducing 2 5-dichIoronitioben/enc 
with non and hydioehloiic acid; mp 50°, 
bp 2407744 mm. Used m making the chloi- 
aniine dyes 

2.5- DICHLOROANILINE - 4 - SULPHONIC 

mij 

ACID ('1(^^ HulphOnating 

SO^H 

2 5-dichlor()anilme Soluble' in hot water. 
Scxlium salt with 5 molecules H_>f) readily 
soluble (Noelting and Kopp, Ber 1905, 38, 
3513) 

1 . 5 DICHLOROANTHRAQUINONE 


CO (U 



is obtaim'd by boiling an aqueous solution of 
alkali antlnacpnnonc-l 5-disulphonatc with hy- 
drochloric acid and sodium chlorate (Ullrnann 
and Kneeht, Ber 1911, 44, 3125, Farbenfab. 
vorm F Bayer & (>'o , D R P 205195) Also 
by suspending 1 5-cliannnoanthra«iuinono in 
hydrcjchlorie acid, dia/otismg at 5°-10°, and 
treating the solution with cuprous chlondc dis- 
solved in hydrochloric acid {idem I) R. P. 
131538) Citron-yellow needles, readily soluble 
in hot toluene, sparingly soluble m alcohol , 
m p 251° Used in making mdanthrene violet 
{qv art Indanthrene). 

3 3' DICHLOROBENZIDINE 
Cl Cl 

nh,<77<(3nh. 

Prepared by chlorinating a sulphuric acid solu- 
t on of diacctyl benzHlmo (made by boiling 
benzidine with glacial acetic acid) with bleaching 
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powder or sodium hypochlorite solution, filtering, 
adding hydrochloiic acid, and hydrolysing the 
product (Levinstein, Eng. Pat. 25725, 189b) 
May also be obtained by reducing o-chloro- 
nitro benzene in an alkaline solution by means 
of zme dust {(f (’ohn, Per 1900, 33, 35oI). 

DICHLOROCARBAMIDE v Hydrazines. 

DICHLOROPHTHALIC ACIDS V . Phthalic 

ACID. 

2' . 5' DICHLORO 4' SULPHO 1-PHENYL 3- 
METHYL-5-PYRAZ0L0NE. Prepared by con- 
densing ethyl acetoacetatc with 2 5-dichloio- 
phenylhydra/inc 4-sulphonic acid (I) K P 
222405). Used in making Xylene yellow (acc 
Pyrazolone colouring matters) 

DICHROITEi; Iolite. 

DICYANDIAMIDE, Cyanoijuanidim 

NH,(NH )(^NH (%N 

Obtained by the polymerisation of cyanamide 
in aqueous solution on long standing oi on 
warming, especially after addition of a drop of 
ammonia (Beilstein and Oeuthei, Annalcii, lOS, 
99 , 123, 241 , Haag, ihid 122, 22) , by treating 
thiourea with nK'rcuiic aniline (Montecchi, Oa/z 
chini ital 28, ii 434) Prepaicd by heating 
ammonium suljihate and sodium cyanamide on 
the water- batli , cyaiianiuh* sepaiates as a 
yellow oil, which, aftci some hours, with fiequeiit 
shaking, clianges into dicyandiaimde (Hiumann, 
Monabsli 1905, 1025) Soli and Stulzer (Per 
1908, 4534) make crude calcium nitride into a 
paste witli water and heat to boiling The hot 
liquid IS filteied by suction, and dicyandiamidc 
separat/i's out from the tdtrate (Tystallises in 
noodles; nip 205"' (l*ohl, J pr Chem 77, [2] 
533) Py warming with dilute acids, it is tians- 
formed into dicyanduimidinc {yuatn/l una) 
NHj(NH )0 NH CO NH^ H listed in quanti- 
tative analysis to separate nickel fioni colialt 
Th(‘ solution containing nickel and cobalt is 
made alkaline, and to it is added a small quantity 
of hiigai solution 'Po this is added dicyandi- 
ainidiiie sulphate (piepaicd by dissolving di- 
cyandianiich* m dilute sul[)huiic acid), wheieby 
the nickel salt of dicyaiidiamidiiie is precipi- 
taU'd, the cobalt icMuaming m solution ’'Phe 
precipitate is littered tliroiigh a (hiocli ciiicible, 
diied at 115'^- 100'’, and weighed as anliydious 
nicked dicyandianudine Ni((\lLN40), (CJross- 
nianii and Hcluick, Analyst, 1910, 247 , 1909, 
455, 1907, 273, 391) Hicvandiaimde is le- 

duced by /me and dilute liydiochloiic acid at 
the ordinary temjieiatures to metliylammo and 
guanidine, the mcthylamine being foimed by the 
reduction of tho prussic acid first produced 
(Pamberger and {Soeberger, Bor 1893, 1583), 
a mixture of nitiic and sulpliuric acids converts 
it into mtrodicyanodiamidmo (Thiele and 
Uhlfelder, Annalen, 303, 107) ; it condenses 
with chalky Icy anacetic or malonic esters yielding 
pyrimidine deiivatives , thus with diethylcy an- 
acetic ester a condensation product is obtained 
which yields diethylbarbituric acid on treatment 
with sulphuric acid (Bayer & Co , I) R P 
165223; Chem Zentr 1900,1 514) All manures 
containing calcium cyanamide contain also 
cUcyandiaraide, formea by tho spontaneous 
polymerisation of the calcium cyanamide ; it is 
not poisonous to plants if not used in too large 
(luantities (Perotti, Atti R. Accacl. Lincei, 15, • 
48 ; Chem Zentr. 1909, i 1497 ; Inouye, J. Soo. 


Chem Jnd. 1909, 1054 ; Aso, tbtd.). Tho Cyamde- 
UcHcllschaft (Chem. Zentr. 1904, u. 1079 ; D.R P. 
154505) treat calcium carbide or a carbide- 
forming mixture with nitrogen, lixiviate the 
mass with water, and use the prcnluct, which 
contains calcium cyanamide, dicyandiaimde, 
&c , as a manure {v. alao Frahk, Zeitsch angcw 
Chem 19, 835) 9’he constitution of dicyandi- 
amidc 18 regarded as NH^(NH.)C*NH*C*N or the 
tautomcridc (NH2)2pNC*N (Bamberger, Ber 
1883,1459, 1891,899; Biltz, J pr. Chem 77, 
|ii]533, Piianichmkov, J. Soc Chem. Ind 1909, 
724) 

DIDYMIN V Synthetic drugs 

DIDYMIUM V Praseodymium and Neo- 
dymium 

DIETHYLACETIC ACID. Fsfudo-capioic 
acid {v C-aproio acid). 

DIETHYLALLOXAN v Alloxan. 

DIETHYLAMINE v. under Ethylammes, art 
J^THYL 

/>DIETHYLAMIN0BENZ0IC ACID 

Picparcd by the action of caiboiiyl ihloiide on 
diothylamlino or by ethylating ammo benzoic 
acid , m p 188°. 

DIETHYL m AMINOPHENOL 

OH 

Formed by lieatmg w-amino])honol liydiodilonde 
with ethyl alcohol iiiuler jiressuic (Bad Ami 
und Soda Fabiik, H H P 44002) , by heating 
resorcinol with dictliylaimnc (l.conhault & Co , 
1) R P 49000) , by alkali fusion of diclhyl- 
anihnc-7/i-sulpliomc acid (Sue ('hcmi Ind Basic, 
D R J\ 44792) For details of the Javst-named 
process as used on tho large scale, Cam, 
Intermcdiato Products for Dyes , m p 78° , 
b p 20l°/25 mm Used in the manufactuie of 
rhodamme B 

DIETHYLANILINE Ob- 

tained by heating aiiilmo liydiocliloi ido with 
ethyl aleoliol under pic'ssure , or, bcUer, by 
heating amiiiu' hydiobiomidc with ethyl alcohol 
at 145°-150° (Staclc‘1, H R P 21241), or by 
ti eating aniline with ethyl alcohol m presence ot 
iodine at 235° (Knoll & Co , JD. R. P 250230) , 
mp —38 1°, bp 210 5°, sp gr 0 930 at 18°. 
DIETHYLANILINE ?/i SULPHONIC ACID 

SO3H 

Is prepared by acting on dietbylanilme with 
fuming sulphuric acid 

DIETHYLDIACETO SUCCINATE t; Ketones. 

DIETHYL OXALACETATE p Ketones 
DIETHYLSAFRANIN Azines 

DIETZEITE. A double lodate and chromate 
of calcium crystallising m the monochnic sys- 
tem, discovered in 1891 in the sodium nitrate 
deposits of Atacama, Chile Analyses lead to 
the formula 7Ca(I03)2*8CaCr04, but the simple 
double salt formula Ca(103)2‘CaCr04 appears 
more probable Distinct crystals are rare, the 
mmeral usually forming crystallme fibrous 
aggregates of a dark gold-yellow colour. Sp gr. 
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3*698 Ifc IS soluble in hot water; on cooling 
crystals of hydrated calcium lodate (Ca(J 03 ) 2 H- 
6 H 2 O) separate, leaving the calcium chromate m 
solution The simple calcium lodate (Ca(IOj) 2 ) 
called lautarite occurs in the same deposits 

L. J S 

DIFFUSION. In any gaseous mixture 01 
liquid solution, oven when protected from 
mechanical disturbances and kept at a umfonn 
temporatuic thiougliout, the composition ulti- 
mately becomes the same at all points, whate\ er 
the original distiibution of the gaseoiLs or dis- 
solved substances may have been The piocess 
by which this condition is 1 cached ls termed 
‘ diffusion,’ and it depends, not on the circulation 
of the unequally distributed substances as a 
whole, but on molecular movement Accoiding 
to the kinetic theory, a imuss of gas which, as a 
whole, LS at rest, ls yet the scene of gieat actuity 
on the part of the constituent molecuh'S ’Hiese 
are endowed with a high velocity, and altei the 
direction of their motion only when they collide 
with one another 01 with the walls of the con- 
taining vessel if this point of view is adopted, 
then the occiiirence of diihision in a mixture of 
irregularly distributed gtuses becomes int(‘lligible 
There are, moreover, many cxiieriiiuuital grounds 
for extending tlie kinetic tiieory to the liciuid 
state, and for the view that the rnoh'cules of a 
liquid also arc 111 a state of (onstant motion 
With this conception the jihenomeiion of 
diffusion of a dissolved subst<iiice is obviously in 
haimony 

Diffusion of Gases. 

When two vessels eontannng diffeient gases 
at the same temperatuie <i.nd ])icssurc aie j)ut 
into free communication, each gas ])enet?ates 
the other until its paitial pressuie is unifoim 111 
both vessels The cxjieiimental investigation 
of tliLS phenomenon on qiiantit.itive lines is not 
easy, but it appChrs to bo we‘11 established that 
the diffusion coclhciciit of each gas Viiiies from 
point to point of the dillusioii system {set 
Losclunidt, Sitzuiigsbei. Akad Wiss Wien, 
1870, 01, 307, 1870, 02, 4()8 , von Obcimayer, 
ihid 1880, 81, 1102, 1882, 85, 147, 718, 1883, 
87, 188 ; 1887, 90, 540 , Wait/, Ann Idiysik, 
1882, 17, 201, 351 , Lomus, ihid, li)09, 29, 004) 

When the concentration of a gas is main- 
tained constant at one point of a gas systc in and 
zero at another point, a static condition of affairs 
is established analogous to what is obseived 
when one end of a metal bar is kept at a high 
temperature and the other end at a low tem- 
perature If, for instance, a tall cylinder, 
communicating freely with the atmosphere, 
contains at the bottom a layei of caustic alkali, 
there is a regular conccntiation gradient fiom 
the top downwards, the carbon dioxide being 
completely absorbed at the surface of the alkali 
Provided the conccntiation difference between 
the top and bottom of the cylmder is maintained 
constant, a steady condition of diffusion is 
attained, and the rate of flow of the carbon 
dioxide, as deduced from the amount alisorbcd 
by the alkali, is inversely proportional to the 
length of the diffusion column {nee Brown and 
Escombe, Phil. Trans B, 1900, 193, 223 , also 
Wmkolmann, Ann Phy -ik, 1884, 22 , 1 , 152) 

Much attention has been devoted to the 
phenomenon of diffusion across porous cha- 


phragms, through capillary tubes, and fiom 
narrow apertures Giaham showed {ste Chemi- 
cal and Idiysical Researches, p 44) that the 
exchange of two gases across a poious dia- 
phragm, the pressure on the two sides remaining 
the same, takes jjlace m such a way that the 
volumes of this giuses diffused m a given time aie 
inversely propoitional to the square loots of 
their densities This obseivation is ol very 
great mteiest m connection with the kmetic 
theory, fiom the assumj)! 10 ns of which it follows 
that the mean velocity of the molecules of a gas 
IS inveisely piopoitional to the sipiare loot of its 
deiLsity (jJiahanrs law is not ac (uirate exci'pt 
when the chaphragm ls (‘xtieimdy tliin, but it is 
nov*crtheless the b.Lsis of a method for separ.iting 
two gases of difleient densities Thus, foi 
instance, when a mixture of hydrogen and 
oxygen in the piopoition of 2 I by volume is 
passed at a suitable late thiough a tiain of elay- 
])ij)e stems, the gas collei t(‘d at tlii' fiiithei end 
will Ignite a glowing sj)hnt By expel iments of 
this kind it was shown that atmospherii mtiogen 
is a mixtuie of at least two gases of difliTiuit 
(huisity (.sir Havleigb .ind Ramsay, Pbil 'rians 
1895, 1S(), 20()) The opei.ition of scjiaiating 
gases by this method is teimeil ‘ almol;ysis ’ 

In the ])assage of a gas tlnough a tai)illary 
tube — ‘ traiLspii.it ion,’ as it is soini'times i ailed — 
fiiction generally plays a considiuable pait, but 
it has been found that il the diameter of the tube 
IS small in eomjiarison w'lth its length and with 
the mean free jiatli <4 the g.is molei uks, then the 
qu.intity of gas passing thiough a given tube in 
unit time is invi'rsely ])iopojtion.il to the si^uaic 
root of the deiLsity (Knudsen, Ann Physik, 
1909, 28, 75) 

9’ho time ii'q lined for tlie esc.ipo or ‘ effusion ’ 
of a given volume of gas thiough a line apeituie 
in a thin plate into <i vacuum ls a])proximat(‘ly 
])i opoition.il to tb(‘ sijuare loot of the density of 
th(“ gas Th(' tlnniKi the plati and the smalliu 
the apeituK*, the moio neaily is this lelatJonship 
fullillcd {s(e Gi.iham, ChmiiKal and Physical 
Researches, p 88, J^unscn, Gasometry, p 121 , 
Timofeeir, Zeitsch physikal Ghem 1890, t), 
580, i)onn.in, Phil Mag 1900, 49, 423, 
Emicli, Monatsh 1903, 24, 747 , Jxnudsen, Ann. 
Physik, Jt)09, 28, 999) An apjitiratus for 
detei mining the relative duisitv of two gasi's, 
based on this piiiuiple, has been destiibed by 
Bunsen {I ( ) {r SPECIMC OKAVITY) 

'riio jiassage of a gas across a diaplnagm 
takes plaie, not only when the diaphiagm is 
poious in the oichnaiv sen.'^e, but also when it 
has the powei of disbolvmg or absoibing the g.as 
Thus, at high tempeiatuies, phitmum and 
lalladium absorb considiuable quantities of 
lydrogen, and this gas readily diffuses through 
the walls of a vessel mad(‘ of ( ither metal 
Winkelmann (Ann Phvsik, 1901, 6, 104 , 1902, 
8, 388 1905, 16, 773*', 17. 589, Richardson, 
Nicol & Parnell, Phil Mag , It^Ol, 8, 1 , 
Schmidt, Ann Physik, 1904, 13, 747) has 
shown that the rate of diffusion of hydrogen 
through glowing platinum or palladium is 
not, as might be expected, proportional to the 
pressure if the hydrogen , at lower pressures 
the gas diffuses relatively more rapidly. 
The ex pen mental data seem to indicate 
that it IS the atoms, not the molecules, of 
hydrogen which can pass through the metal 
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On the ability of hydrogen and the mabihty of 
other gases to diffuse through heated palladium, 
there is based the osmotic cell described by 
Ramsay (Phil Mag 1894, 38, 200) 

The rate of diffusion of gases across a layer 
of water or aqueous solution depends mainly on 
the solubility and the density ot the gas Accord- 
ing to Exner, who njade experiments on the 
diffusion of gases across a film of soap solution, 
the velocity is, ccvtens j)anbu.9, directly pro- 
portional to the absorption coefficient of the 
gas, and inversely pioportional to the square 
root of its density (Exner, Sitzungsbei. Akad. 
Wish Wien, 1874, 70, ii 405 , cf Muller, Ann 
Physik, 1891, 43, 661) Other workers, who 
have studied the diffusion of gases through a 
j(‘lly, through a layer of water supported by a 
plate of hyiliophaiie, or through a rubber 
mombiane, find tli<it Exner’s law is only an 
approximate Btatemont of the facts (sec Wio- 
blewsky, Pogg Ann 1870, 168, 646 , Ann 
Physik, 1879, 8, 29 , Ilufncr, Zeitech physikal 
Cheni 1898, 27, 227 , ilagcnbach, Ann Physik, 
1898, 06, 073) Except for oxygen, the diffusion 
soefficionts of gases are smaller in gelatine 
solution than in pure water 

Diffusion of Dissolved Substances. 

The foundation of our knowledge of this 
subject was laid by the c lassical expeiiments of 
Thomas Cjiiaham (sec (ffiemical and Physical 
Researches, jqj. 444-000). In his expeiiments, 
700 cub cm of water were placed in a c ylindncal 
jar, and then 100 cub cm of the solution to bo 
diffused weio carefully convoyed to the bottom 
of the jai by a jiipette Aftei a suitable time, 
poitions of 60 cub cm weio successively drawn 
off, theses poitions were evapoiated, and the 
amount of substance that had diffused into each 
layei was tlius ascei tamed (jliaham’s compa- 
rative expeiiments on the diffusive powei of 
different substance's in aqueous solution led 
him to draw a distinction, which has bcc'ome of 
the highest importance, betwc'cn the behaviour 
of easily ciystallisable substances, and that of 
substances which are marked by the absence of 
the power to crystallise So far as diilusibility 
18 conceined, the distinction in cjucstion is based 
on the following figures, repiesenting approxi- 
mate times of ee^ual diffusion hydrocliloi ic 
acid, 1 , bodiuin chloride, 2 3 , suciose, 7 , 
magnesium sulphate, 7 , albumin, 49 , caramel, 
98. The diffeicnco in diffusive powen of crystal 
loicli and colloids is very evident from thense 
figuic^ 

'Pile sigmficanco of the cj[uantitati\ c results 
obtained by Graham was emphasised by Stefan 
(Sit/ungsbor Akad Wiss Wien, 1878, 78, ii 
967 ; 1879, 79, ii. 101), who showed that they 
were in harmony with Pick’s diffusion law , that 
IS, the diffusion of substances in aejueous solution 
IS comparable with the chstiibution of heat in 
conductor. Pick’s law is expressed algebrai- 
cally by the formula d!S = - where dS is 

the amount of substance crossing a section of 
the diffusion column m time df, the sectional 
area of this column being q sq cm , and dcjdx 
being the concentration gradient , h is known 
as the ‘ diffusion coefficient ’ 

The diffusion of dissolved substances, notably 
electrolytes, has been the subject of repeated 


investigation, but the method employed has not 
differed materially from that of Graham, 
described above (s€a Scheffer, Zeitsch. physikal. 
Chem. 1888, 2, 390 ; Anhenius, ibid. 18&, 10, 
61; Abegg, ibid 1893, 11, 248, Euler, Ann. 
Physik, 1897, 03, 273 ; Abegg and Bose, 
Zeitsch. physikal Chem. 1899, 1, 17 ; Thovert, 
Oompt. rend 1902, 134, 820 , Graham, Proc Roj\ 
8oc 1903, 72, 212, Oholm, Zeitsch physikal. 
Chem. 1904, 60, 309) The general result of these 
investigations has been to substantiate the 
vahdity of Pick’s law, although the opposite 
opinion also has been expressed (see Wiedeburg, 
Zcitscdi physikal Chem. 1892, 10, 609) 

Siiccial interest has attached to the diffusion 
of electrolytes since the enunciation of Ar- 
ihenius’s dissociation theory, according to which 
the ions of an electrolyte m aqueous solution 
are to be regarded in many respects as sepal ate 
units The researches of Kohlrausch have 
proved that the contribution whuh the one ion 
of an electrolyte makes to the equivalent con- 
ductivity IS independent of the other ion asso- 
ciated with it, and Nernst has shown that the 
mobility which is thus eharacteiistic of each ion 
must bo a detei mining factor in the diffusive 
power of any elcctiolyte of which the ion forms 
a pait (Zeitsch physikal C!hem 1888, 2, 613). 
Ho has furtlu'i* deduced a thooietical relation- 
ship between the diffusion coefficient of a binary 
electrolyte and the conductivities of the two 
ions, and the values of the diffusion coefficient 
calculated on this basis are m good agi cement 
with the lesults of ('xpeiimental woik 

By allowmg substances to diffuse into a jelly 
the elh'cts of tonvection cui rents and mechanical 
disturbances aio eliminated and the difficulties 
attending the expciinieiital study of liquid 
diffusion aic diminished The rate of diffusion 
IS, at most, veiy slightly lower m a jelly than in 
water at tlie same temperature Expeiiments, 
in whuh the ends of cylinders of agar-agar jelly 
weic immeiscd in aqueous solutions of vaiious 
substances, have shown that the total amount of 
substance chffusing into the jelly is piopoitional 
to the sipiaie root of the time duiing which 
diffusion luus taken place This is a result in 
harmony with Pick’s law (sec Voigtlander, 
Zeitsch physikal Chem 1889, 3, 316 ; cf. 
Chabry, Jouin de Physique, 1888, 7, 116, 
Mome and Pierce, Zeitsch physikal (4ieni 1903, 
45, 689 , Hausmann, Zeitsch anorg Chem. 
1904, 40, 110). 

Experiments have been made also on the 
diffusion of vaiious electrolytes 'and non- 
electrolytes m alcohol (Kawalki, Ann Physik, 
1894, 62, 166, 300 , 1896, 69, 637), of various 
metals m mercury, fused lead, &c (Meyer, 
ihid 1897, 61, 225 ; 1898, 64, 752 , Humphreys, 
Chem 8oc Trans 1896, 69, 243, 1679 , Roberts- 
I Austen, Phil Trans 1896, 187, 383 , von 
Wogau, Ann. Physik, 1907, 23, 346), and of 
chlorine, bromine, and iodine m some organic 
solvents (Euler, Ann. Physik, 1897, 63, 273 , 
Walden, Zeitsch. Elcktroehem 1906, 12, 77). 
In the last- mentioned connection, Walden has 
shown that, when a given halogen is considered, 
the product ‘ diffusion coefficient X viscosity of 
solvent * is a constant, mdependent of the 
nature of the solvent The value of the product 
for the different halogens is mversely pro- 
portional to the square root of the molecular 
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weight (c/ Pifisarjewsky and Karp, Zeitech 
physikal. Chem. 1908, 63, 267). 

The different rates of ditfnsion found by 
Giaham for different substances suggested to 
him that the process of diffusion might be 
useful in separating the constituents of an 
aqueous solution Ju this connection, he found 
that the difference in diffusive power between 
ciystalloids and tolloids, referred to abo\e, was 
gieatly accentuated by the inteipcmtion of a 
colloul membiane between solution and solvent, 
and the method of separation by diflusion 
through a septum of g61atinous matter he termed 
‘ dialysis ’ A siicet of pan hment paper, foi 
instance, is tied tightly over tlic end of a eylin- 
drical oi bell-sliaped glass \e.ss(‘l, piovided with 
a flange, and into the leeeptacle so foimed, a 
‘ dialyser,’ SkS it is called, the mixed solution of 
crystalloids and colloids is jioured 'J'he outside 
of the paichment membiane is bathed with 
water, which is fn^pieiitly renewed, and the 
lesult IS that the contents of the dialyse*!, after 
a few days, aie found to be pi a* tic ally fiee fiom 
crystalloids Instead of the a])])ar<itus just 
described, a saiisagc-skin chalky sei may be em- 
ployed the paieliinent tube is chaigc'd with 
the solution of crystalloid and (olloid, and is 
hung up by its ends in a vessel of wat(*r 

Collodion may bo used as a membiane 
instead of parchment, and it ls obtainable in 
any desired foim by the evapoiation of the 
ordinary collodion solution {see LiHie, Amei J 
Physiol 1907, 20, 127 , 8chiyvei, Pioc Physiol 
Soc 1908, 23) 

Dialysis plays a eonsidciable pait in the 
technical pioduction of beet sugai In the 
dillusion piocess foi the extraction of the sugai, 
beet cuttings aio ticatcd with hot watci Such 
treatment kills the piutojihism, and th<‘ cc‘ll 
membrane, which in the living state ls im- 
permeable to sugai, now allows this substance 
to pass out into the watei 9’he high tempera- 
ture also favoui-s lapid diflusion The albu- 
minous subsbinces in the beet juice howevei, 
cannot icadily penedrate even the dcvid pioto- 
plasm, which acts as a diffeiential membrane, 
and thus leads to a dialytic separation of the 
sugar fiom some of the non-sugai constituents 
of the cell sap In the tieatment also of beet 
sugar molassc's dialysis with jiarchmcnt nicun- 
branes ls employed The result of this pio- 
ccduio IS to reduce the salt content of the 
molasse*s, and so make possible the crystallisation 
of a further portion of the sugar (?’ Sugae) 

Diffusion of Solids. 

The efhcicncy of ceitain cementation jiro- 
cesses mcbcates that one solid can slowly pent‘- 
trate another The occurrence of diffusion in 
solids has been proved and investigated by 
Koberts- Austen (Phil Tians 1896, 187, 383), 
who finds that at temperatures between 100° 
and 200° there is an appreciable diffusion of gold 
into solid load m 30 or 40 days, although the 
penetration is much slower than into the fluid 
metal Experiments lasting over four years 
have shown that gold diffuses into solid lead, 
even at the ordinary temperature (Koberts- 
Auston, Proc. Roy Soc. 1900, 67, 101) 

J. 0 P. 

DIFORMIN V Formins. 

DIGALENt’. DiGiTAiiis and iSymthetic drugs 


DIGALUC ACID {Galloiannic acid, tannin) 

V . Tarnio acids. 

DIGESTER V Auioclave. 

DIGIFOLIN, DIGIPAN, DIGITALEIN, DI 
GITALIN, DIGITALOSE, DIGITALYSATUM, 
DIGITOFLAVONE, DIGITONIN, DIGITOPHYL- 
LIN, DIGITOXOSE r Digitalis 

DIGIPOTENE. A piepaiation of digitalis 

leaves 

DIGIPURATUM ? Dioitalis 

DIGITALINUM VERUM c Dioitalis 

DIGITALIS. Fojc(jluie Digiiahb folia , i^V. 
Digitalis, U 8 P {Dujitah, Fi. , Fingnhut, 
Gci ) The foxglo\e, Digitalis put puna (Linn ), 
had been foi some ccntuiies a jiojmlai lemedy 
for diopsy, when it w.is intioduced into .scientihc 
medicine by Witheiing, about 1775 It is 
principally used foi its action on the heart, 
it slows the beats, and makers them moie powei- 
fill and icgulai, so that the* outjiut is incieasc^d 
Only the leaves aie olhc ial , tlu' seeds have a 
similar action, due, however, to diffcient 
pi me 1 ] lies 

Foxglove IS a bnumial plant, and the Biussels 
confeience .igiec'd th.it only the second year’s 
leaf should be used , but, except for the gieatei 
ddhculty of ichuitilication, there is no objection 
to using the limt yc'ai’s losettes, wliicli aic' as 
good tus the flowcuing jilant (Stiaub, Aich 
Pharm 1917, 255, 198) Cultivated jilants uji 
to the bc'giniiing of the llowcuing jieiiod, are 
faiily coiLstant m activity, vaiiations appear 
when the seeds iijicn it would jirobably be 
the more (‘conomical to cultiv.ite only liisi-ycar 
plants M.ituii* wild plants ditlc'! gieatly in 
various localities (Stiaub) 9’lie time) for 
gathciing these is July .ind August, the Piitish 
l*haim<ice>])(i la juesciibes lexive'S fiom jilants 
be'ginmng to l!ow< i Koi fuitheT detail, sie 
Native 11<‘ (,J J’haim ('him (iv I 20, 81), and for 
cultuK‘, halve sting, and c eiiiseu v ation, New'comb 
(Amei .1 Phaim 1912, 81, 201). lor J) 
Thai>sily which has a simihir action to D 
purinuia, but is three time's as strong, .see 
r^aiwell and Hamilton, Amer J Pharm 1917, 
89, 147 

9’ho active' piincijiles of digitalis (as of 
othei jilaiits with a like action, such as stiopfian- 
thus and sgvill) aie complex glucosides, often 
amoiphous, and this ex[)lains the great diffi- 
culties and nunieious contiadictions with which 
the chc'mistiy of digitalis is beset 'riie con- 
fusion is incieaf'cel by tlie use of the same name 
(digitahne) for cliffeient substances, and by 
the application of diffeient names to the same 
substance According to emr j>icscnt knowledge, 
cold watci extracts from the* leaves a mixtuio 
of glucosidc'H, but baldly dissolves digitoxin, 
which may be subseejuently extracted by 
alcohol Fiom the acjueous extract chloiofoim 
removes tho ‘gitalin’ fraction, and leaves 
behind one or more glucosides, designated as 
tho ‘ digitalein ’ fraction, which is less active 
than either gitalin or digitoxm, and has not 
been obtained (*vc*n approximately pure His- 
torically, the fust moderatelv pure, but amor 
phous, "at tive preparation was 'digitahne^ of 
Homollc (J Pnaiin (Jl.im 1845, [in ] 7, 57), 
undoubteclly a mixture Nativelle (J Pharm. 
Ohim [iv J 1869, 9, 225 , 1872, 16, 430 1874, 

26, 81) later prepared a ‘ digitahne tnsiallukf a 
commercial specimen of which 8chmiedebeig 
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(Arch. exp. Path. Pharm. 1874, 3, 16) declared 
to consist very largely of a substance to which 
he gave the name digitoxirif and as this substance 
was afterwards principally investigated m 
Germany, under this name, Nativelle’s designa- 
tion has been displaced, in spite of Fiench pro- 
tests (c <j Arriaud, (^ompt rend. 1889, 109, 
07(1) Kiliani, who has published sometlung 
like forty {>aj)( i-s on the chemistry of digitalis 
(Hei 1890, 23, 1555 to P)I8, 61, 1013; and 
Xnh Phaim 1892, 230, 250 to 1910, 254, 255), 
at one time did not agiee with the identilication 
of Nativcllc’s digitalinc with kSchiiiiedeberg’s 
digitoxm, and consider ed the foimer substance 
identical with a crystalline leaf glueosido 
described by hiriLself as digitophylUn (Arch 
Pharm 1897, 235, 425) Later, Kiliani (Ber. 
1898, 31, 2454) considered digitaline eristallisde 
and digitoxin very closely similar, but doubt- 
fully identic al. An attempt to lestorc the 
liistorically coriect name for this glucosidc would 
h'ad to still greater confusion, es[)ceially as 
German wiitem mi'an by digitalin a totally 
dilfcrent glucosidc fiom the seeds 

The ‘ gitalin ’ fi action is, on account of its 
solubility in water and its physiological action, 
probably of most importance thciapmitically , 
it was little studied until kiaft (Sihwci/ 
Woclicnschr Ohem Phaim 1911, 49, 101, 173, 
230, An li Phaim 1912, 250, 118) desenbed 
the isolation of a trystallmo glucosidc (jiialin 
Kiliani (Arch Pharm 1914, 252, 13) has declaicd 
Kiaft’s pic[)aration to be a mixture, but in any 
case it contains one or more CTystallinc sub- 
stances of gieat activity, having the advantage 
over digitoxm of solubility in water, at least in 
the ciudo state Indetsl, the gitalin fiaction 
seiuns to have been utilised some years before 
Kiaft by Cloctta (Muench medw VVochensehi 
1904, 51, I too), whose ‘ digitoxinum soluhile ’ 
IS not digitoMii in a wati'r soluble form (Kiliaiii, 
Ber 1907, 40, 299()), but consists largely of 
gitalin (Gottlieb, e g Aicli exp Path Pharm 
1918, 83, 117) 

For the piepaiation of tlu'ir substances, both 
Homolle and Nativelle extracted the powdeied 
loaves with 50 ]) c alcohol, and purilu'd the 
oxtiact with lead acetate After lemoval of 
the excess of lead, Homolle (‘vaporated to a 
syrup and piecipitated in the cold with tannic 
acid The tannic acid precipitate was washed 
with tepid water, mixed with an eitual weight 
of lead oxide, dried, and extracted with 90 p c 
alcohol After ticatment with charcoal and 
evapoiation, the residue was exti acted with 
(‘ther to icmove iiinmiitics 1’ annul, ajipaiently 
iiitroduct'd by Homolle, was lat<‘r ajiplied to 
the separation of A:-strophanthin {q v ), and 
seems to bo still m use lor such commercial 
preparations as digi})uratum {sec bidow) , but it 
IS, of course, only a general colloidal precipitant, 
and cannot bo expected to act specifically 
Nativi'lle moistened the powdered leaves with 
a solution of neutral lead acetate, then extracted 
with 50 p c alcohol, and purified the extract 
repeatedly with charcoal and lead acetate He 
finally extracted with chloroform, and thus 
separated off the ‘ digitalein ’ fraction, which 
enabled him to obtain a crystalline substance 
Schmiedebcrg {I c ) introduced the preliminary 
extraction of the leaves with cold water, tuus 
removing the gitahn and digitalein fractions. 


and then, after pressmg the leaves, he extracted 
with 50 p e. alcohol. After precipitation with 
basic lead acetate, and removal of the excess 
with ammoma, the alcohol was evaporated, 
while the solution was kept neutral A partly 
crystalline substance separated, which was dried 
on the water- bath and extracted with chloro- 
form The residue, after evaporation of the 
chlorofoim, was washed with ether (which 
removes fat, luteolin, &c ), or with boiling 
petroleum ether, and then crystallLscd the 
digitoxin from 80 p c alcohol with charcoal. 
Kiliaiu’s method of prc|fariiig digitoxm (Arch. 
Pharm 1895, 233, 311) is similai 

Digitaline cristallisee, Digitoxin C34H54O11 
(Kiliani) foims hydiated needles and leaflets 
from aqueous alcohol, which become anhydious 
and sinter at 145° -150”, and anhydrous prisms 
fioin methyl alcohol and ililoroform, melting 
at 245° (243°-245° Arnaud) Kiaft (Arch. 
Pharm 1912, 250, 118) could not obtain the 
hydiated form, and concludes Kiliam’s supposed 
hydiatc was contaminatc'd with gitalin 

3’lie yield of digitoxm is said to be 0 I pc 
of the leaves, but 8tiaiib {I c ) has concluded 
from physiological evidence that the amount 
present is very vaiiable, and may considerably 
exceed 0 1 p e Meick’s eommeu lal piejiaiation 
IS stated by Kiliam to be about 90 p c pure 
0 05 gram digitaline (digitoxm) dissolves at 14° 
in 100 c e absolute alcohol (Ainaucl) Digitoxm 
dissolves readily m ehloiofoim, only sliglitly m 
ethei, not m water it gives a eliaractiuistic 
colour icaetion , glacial acidic acid and con- 
centrated sulphuric acid aie employed, 100 c c 
of each biung picvioiisly diluted with lee of 
5 pc a(pieouH teriK* sulphate solution A 
trace of digitoxm is dissoKed mice of the 
acetic acid, and 2 c c of the sulphunc acid are 
allowed to How imdcinoath, m a naiiow test 
tube The /one of contact becomes duty 
brown, and aftei a few minutes the acetic acid 
begins to become mdigo blue This, Keller’s 
icaction, IS still positive with 0 1 mg in 1 e c of 
acetic acid Conccniiated hydrochloric acid 
dissolves digitoxm m the cold to a colourless 
solution, becoming bluish-gieen on warming 
Alcoholic sodium liy dioxide hydiolyses to 
dirjitoximt acid O34ll50Oi2» mineral acids hydio- 
lyse to two molecules of dujitoxosc 

OH3 CHOU CHOH CTIOH CH^ CH O 

m p 101°, and one of diyitoxiycmn 
mp 230° {v. eg Kihaiii, Aich Plianii. 1913, 
251, 502) Digitoxose is a peculiar sugar, ancl 
givers Kcdler’s reaction, digitoxigenin doc-a not 
Gitalin C28H48O40 (’), mp 150°-155°, is 
amorphous, and was obtamcci by Kiaft by a 
method analogous to that of Homolle {v. s^upra), 
and extracting the glueosido from aqueous 
solution by snaking with chlorofoim , after 
drying, the chlorofoim solution is prccipitatc^d 
by light petroleum Gitalin is soluble m 600 
paits of water, and very readily in chloroform 
By dissolving in 1 5 parts of alcohol and adding 
0 75 part of water, a crystalhne gitalin hydrate 
C28H4gOjQ,4H20, in p. 75°, is separated. Solu- 
tions of gitalin deposit on keeping mixtures of 
gitahn and anhydrogiialin C 28 H 4 eG 8 , m p 266°, 
crystalhsmg from dilut 3 alcohol and almost 
insoluble in chloroform. On hydrolysis by 
acids, gitahn, its hydrate, and its anhydride all 
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yield digitoxose (see above), and hence they all 
give Keller’s reaction ; the other fission pro- 
duct ia anhydrogiUihgenin C? 22 H 340 j, m p 
2 1 6°-2 1 9'’, crystallising from alcohol As already 
stated, Kiliani considers gitalin to he a mixture, 
of anhydrogitalm with other substances, but 
this doeg not dispose of Kraft’s contribution to 
the subject 

Digitalefn (Schmiedcberg) differs from gitalin 
and digitoxin in not producing the typical 
systolic arrest of the heart 

Commercial Preparations of Digitalis. — A 

considerable number of these have been intro- 
duced of late years, mostly in Germany Digalen 
(Hoffmann-Larocho & Go ), introduced in 1904, 
has been one of the most successful ft is 
Cloetta’s ‘digitoxinum solubile’=^ impure gitalin^ 
(see above) Digifolin and di^ipan are similar 
impure active princi{)les Digipuratum (D. R P 
227552, 245193, 240571, of Knoll & Co ) is a 
purified leaf extract fieed from digitonin, and 
apparently consists of the tannin compounds of 
the gitalin fraction From adignn the digitonm 
has been removed by cholesterol (see below) 
Digitalysatum, from fresh pi ess juice, and other 
preparations, arc purilu'd by dialysis Digita- 
lone (Parke, Davis & C^o ) is a sterile cxtiact of 
older type For a physiological examination of 
these preparations, see Rapp, Pharm Zcntral-H 
1914, 55, 961, 978 

Methods of Assay. — There is a great variation 
in the content of active leaf glucosides 3’hus 
Straub (/ c ) found, in percentages of the air-dry 
leaf — 

Gitalin -h dicritnlein, cultivated, 0 4-0 64, 
wild, 0 22-0 80, digitoxin, cultivated, 
0 0^)3-0 11, wild, 0 01 0 15 

This vaiiability has led to the introduction 
of standardised leaves (‘ folia digitalis titiata ’) 
and to methods of assay of pharmaceutical pre- 
parations (official in the U S P for digitalis, 
strophanthus, and squill) A chemical assay 
(of digitoxin ?) has been described by Keller 
(Ber lleut pharm Ges 1897, 7, 125), but 
Ziegenbcin (Arch Pharm 1902, 240, 454) has 
shown that there is no relation between physio- 
logical activity and the ‘ digitoxin * found by 
Keller’s method Bailor and Shaw (Pharm. J 
1904, [iv 1 19,’^249) have confirmed this, and 
shown that of added crystalline digitoxm less 
than half is recoverable by Keller’s method 
The chloroform extract, weighed m this method, 
consists, according to Krafty (I c ), largely of 
gitalin The assay miLst therefore be physio- 
logical, and Ls generally based on Houghton’s 
method (.T Amer med Assoc 1898), by which 
the minimum amount is determmed necessary 
to arreijt the frog’s heart m systole, in, say, 1 
hour (for length of time, cf Gottlieb, below) 
The isolated frog’s heart may also be employed, 
with graphic regLstration of its action (Schmiede- 
berg, Arch, exp Path. Pharm. 1910, 62, 307) 
For earlier investigations, see Edmunds and 
Hale (Bull No. 48, Hygienic Lab Washington, 
1909) and Focko (Arch. Pharm. 1910, 248, 3^66) ; 
for the later ones, Holste (Zeit. exp. Path. Ther. 
1917, 19, 153), Focke (ibid. 1914, 16, 443), 
Straub (Arch. exp. Path. Pharm. 1916, 80, 62), 
and Gottlieb {{hid 1918, 83, 117) The suscepti- 
bility of frogs IS greater m winter than in summer, 
and it has been suggested that they should 
themselves be standardised with a pure sub- 


I stance, such as digitoxin (Rapp, /c.), or g- 
I strophanthm (ouabain) (q v ), suggested by 
I Heinz, and adopt/ed by the U S P. This ju o- 
I supposes a constant ratio of sensitiveness to 
dissimilar preparations, which has not been 
proved Indeed. Gottlieb (Ic.) states that the 
sensitivenass of frogs to ^/-stropanthin is fairly 
constant throughout the year 

Digitalis seeds contain entirely different 
glucosides, which have been examined chiefly 
by Kilnani From an alcoholic extract, purified 
with lead acetate, the mixed glucosides are 
precipitated with tannic acid (cf Homolle’s 
method) This gives the commercial so-called 
dig i tall riv 771 qainaniam^ which may bo separated, 
according to Kiliani (Ber 1918, 51, 1613), into 
digilaliiiiim vciiini,* or (hgiiaJin, dujiUmin^ 
gitoinn, and a fourth glucoside 

Digitalin mp 2IO°-217°, is less 

active than digitoxin, and forms amonihous 
granules, soluble in 1000 parts of water It dis- 
solves in suliihuric acid with a yellow colour, 

[ which, on standing, or in the presence of ferric 
salts or othei oxidising agents, becomes cherry-red 
and purple It is hydrolysed by acids to equi- 
' molecular proportions of glucose, dupialose 
1 and digitahqenw OooH^qOt, needles, 

I m p 210*’ 212° Digitalosc is a syrup, and is 
oxidised by nitric acid to mcthoxydihydroxy- 
Iglutaric acid (Kiliani, Ber 1905, 38, 3622. 

! 1916, 49, 709) 

Digitonin nr IrsHjjjO mp 

225°- 235°, -49 25°, is obtained m the 

crude state in a yield of about 45 p c of the 
‘ German digitalin ’ employed It is imjioitant 
as an exam file of a crystalline saponin, and 
, probably also occurs m the leaves It has no 
I stimulant action on the henrt, and is thera 
j peutically undesiiablo Digitonin iIissoIycaS to 
! a clear solution in 50 pans of cold 50 p c 
I alcohol, is more soluble on heating, and cryatal- 
I lises on cooling in fine needles It is hardly 
soluble in f hlorofonn, and forms an opalescent 
solution in water, which froths Keller’s 
reaction is negative Acids hydrolyse to two 
molecules of glucose, two of galactose, and one 
of diqiioqrniri C 3 QH 4 gOft or I'siHjqO,, needles, 
m p 240° Like other saponins, digitonin 
combines with cholesterol On mixing a 
(preferably hot) solution of 1 gram digitonin in 
100 c c of 90 p c alcohol with 0 4 gram chole- 
sterol in 60 c c of 95 p c alcohol, the addition 
compound G^gllg^O,,, Ci 27 H,gO crystallises (Win- 
daus, Ber 1909, 42, 238) Similar compounds 
with lower alcohols and phenol had already been 
observed by Houdas (Compt lend 113, 648) 
This reaction has met with wide application 
On the one hand, digitonin can be removed from 
digitalis preparations (adigan, above), on the 
other hand, sterols can bo estimated in fats, for 
as little as 0 1 mg of cholesterol mice of 90 
p c alcohol may be detected (Windaus) (Cf 
Panzer, Zoitsch physiol Chem 1912, 78, 414 , 
Marcusson and Schilling, Chem Zeit 1913, 37, 
1001 ; Berg and Angershausen, ibid 1914, 38, 
978 ; Preacher, Zeitsch Nahr Genussm 1914, 
33,7) 

Gitonin. — Commercial digitonin (Merck) 
contain 6-14 p c. of a closely similar glucoside 
git nin C49Hg(,023,7H20, m p 226° (Kraft, I r , 
Windaus and Schneckenburger, Ber 1913, 46, 
2628), which may be crystallised (Kiliani, tb.d. 
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1910, 40, 701), and also forme cholesterol 
addition compounds. 

Straub (Biochom ZcitKch 1917, 82, 48) finds 
that on germination the firnt pan of foliage leaves 
already contains tlie typu al leaf glucosides, and 
in 4 montlis the maximum of J pc. of total 
glucosido IS already nearly attained This la 
made up of gitalm fraction, 4 p c , digitalein 
fraction, i p c , and digitoxm fraction, p c 
For variations, sec above. 

l)ii/italis leaves contain luteolm { — ' (hgito- 
fJavone ’) which imparts a yellow 

colour to ethereal extiacts (Kiliani and Mayer, 
Ber 1901, 34, 3577) 

OUipr Drtirj'i uJilh a DufifrUtfi-lika Action — 
Schmiedcborg (Arrli exp Path Pharm 1883, 
10, 149, cs])ocialIy 102) has enumerated a con- 
siderable number of these Strophanthus and 
squill {qv) are tliciajxMitieally the most im- 
portant; aeo also cuonymus, hellebore, and the 
alkaloid orythrophleine 

CqriKDin^ a glncoside from the root of 
Apocynum rayinahirnfm has beim obtained crystal- 
line (1> \i P 25,5537, of Bayer & (Jo) 
1000 parts of the loot are extracted with boiling 
carbon tetraclilonde until no .longer bittei 
After evajioration, the residue is dissolved in 
1000 parts of alcohol, and water at 50*^ is added, 
until no more lesm is precipitated After 
filtration, bfusic lead aeelate is added, and the 
excess of lead is removed, after a second (iltia- 
tion, by moans of hydrogen sulphide After 
evapoiation to 100 parts, the solution is extracted 
with chloroform, and the chloroform dried with 
sodium sulphat(‘ linpurities are then jire- 
cipitated with other, and next the cymaiin with 
light petrohMim It is ciystallised iroin methyl 
alcohol, and then lias the composition 

1-23 5” in chloroform It gives Lieher- 

mann’s cholesterol reaction (v RTROpirANTHTDJN), 
and Keller’s digitoxin leaction (above), ^and is 
hydrolysed by aeids 

into cymarigenin (—strophanthidin, qv) and 
oymarose, which is probably the methyl ether of 
digitoxoso (Windaus and Hermanns Ber 
1915, 48, 979), whore the earlier investigations 
on Apocynum are lef erred to 

Bufagui Pi8H,404, from the parotid gland 
of the Contral-Ameriean toad Ihifo agua, has 
also boon obtained crystalline and pure (Abel 
and Maeht, J Pharm exp 9’herap 1912, 3, 
319) It IS not a gliieoside For hufofaliv from 
European toads, see Wieland and Weil (Ber 
1913, 46, 3315) 

GonvcUlaman n and convallann 

034H«2044 are crystalline glucosides from 
OonvaUaria inajah'i (Linn ) (Lily of the Valley), 
which plant was deleted fr<un the U S.P. m 
1916 (Wal/, Jalu’b f Chem 1858, 518) 

•ij a-Antiari)i (L7H4,0,3,4H AI and ^-antiarin 
are cryatalhno glucosides from the latex of 
Antiaris toxica) la, the Upas tree of Java (Kiliani, 
Ber. 1910, 43, 3574) Other crystalline gluco- 
sidea with digitalis action are iheveltn (^54^84034, 
from the seeds of Theiwtia nernfolia (Juss ), 
crystallismg readily (de Vri], Pharm J. 1881, 
457 ; Wf^rden, tbtd 1881, 417), and echujm 


( 05 Hg 02 ) 7 t, from the latex of Adevtvm Bcehmm- 
num (Schinz), a South-West Afncan arrow poison 
(Boehm, Arch, exp Path Pharm 1899, 26, 
165) The lattvcr substance has an activity 
intermediate between that of digitoxm and 
strophanthin 

Tanghinin P^7H4g08, m p. 182°, from the 
fruits of Tanghuiia venemfiia (Madagascar), is 
crystalline, hardly soluble m water, readily in 
alcohol and in ether, and is not a glucoside 
(Arnaud Oomj)t lend 1889,108,1256) Adontn 
(5,4H4(j() 9, from Adonin amurensts (Beg et Radd ) 
(9’ahara, Ber 1891, 24, 2579), adoindin from 
A vcrnalt-s (Linn ) ((Jeivello, Arch exp Path 
Pharm 1882, 15, 235), and olcandrin from 
Nenmii olrandcr (Linn ) (S( hmiedeberg, I c ) are 
amorphous Many of the above substances arc 
used as arrow poisons The N 0 Apocynacccp 
seems to be ej^jieeially rich in substances with 
a digitalis- like action {Apocyiium, Stroplavthi.^, 
Thnuha, Adnunm, N(rium ohanda). Windaus 
and Heimanns (Ber 1915, 48, 991) have sug- 
gested that there is a more or less close chemical 
relationship between many of the above sub- 
stani es 'I’ho non-sugar portion of the glucosides 
(‘ genin ’) seems to be deiived from n^cholesterol- 
liko complex by various degrees of oxidation , 
the sugars are peculiar and sometimes identical 
01 closely related, and often contain less oxygen 
than carbohydrates 'rho gonins are less active 
than the glucosides {v k -strophantliinand Straub, 
BioehenrZeitsch 191(), 75, 132) G B 

DIGIT ALON V Diqitalts 
DIGITOXIN?^ Digitalis 
DIHEPTYLACETIC ACID (DOH 

IS obLiined by ti eating diheptylaeetoacetie ester 
with potassium hydioxidi* (Join dan, Annalen, 
200, 116), mp 20° -27° 

DIHYDRAZINES ?; Hydrazines 
DIHYDROCAMPHOKETONE c Ketones 
DIHYDROXY- ACIDS v HYimoxY- acids. 
DIHYDROXYANTHRAQUINONES. Bee Ali- 
zarin AND Allied colouring matters. 

DIHYDROXYBENZOIC ACIDS Proto- 


CATEC’HUIC AVID 


DIHYDROXYCARBOXYNAPHTHALENE 
SULPHONIC ACIDS. Bee Naiiitiialene 

5 5' DIHYDROXY 7 7' DISULPHO 2 2'- 
DINAPHTHLY CARBAMIDE 


SOall/V^'^^NH CO NH 

^ A 

HO 



Prepared by the action of carbonyl chloride 
upon an aqueous solution of 2-amino-5-naphthol- 
7-sulphonie acid containing sodium carbonate, 
acidifying with hydrochloric acid, and adding 
eoinmon salt (Farbcnf. vorm F Bayer & Co., 
D R. P 116200) 

I 6-DIHYDROXYNAPHTHALENE. See 

Naphthalene 

DIHYDROXYNAPHTHALENE SULPHONIC 
ACIDS. Bee Naphthalene 

DIHYDROXYTARTARIC ACID # 


CO.H C(OH)^C(OH),CO>H 


IS made by the action of a mixture of fuming 
sulphuric acid and nitric acid upon dry tartaric 
at 20°, cooling with ice and neutralising with 
sodium carbonate when the sparingly soluble 
sodium salt separates out. Used in making 
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tartrazino • v Pyrazolone oolourino matters 
and Ketones 

DI-IODOFORM V Synthetfo drugs 

DIKA-BREAD. An edible cake made by 
the natives of Sierra Leone and the (laboon 
from the fruit of the mango tree, indigenous 
to most tropical climates The fruit lesembles 
chocolate in apyieaiance, and contains a large 
quantity of fatty matter Tt has occasionally 
ripened under hot-liouse cultivation in this 
country 

DIKA FAT GROUP. Under this name may 
be comprised several fats which are character- 
ised by high saponification values, like the fats 
of the (^ocoa Nut Oil group, but which differ from 
them by the absence of volatile fatty acids 'J’he 
high saponification value indicates a preponder- 
ant proportion of lauric acid I’heso fats are 
further characterised by low iodine values 
The most prominent of this group are • (1) Dika 
fat, obtained from the seed-kernels of various 
kinds of hvinqia : I gaho7ievs7s (Paill ), i 
Barter) (Hook, fil ), indigenous to West Africa 
The seeds yield about 06 pc of a ycllowish- 
white fat, which the native^s separate by ex- 
pressing the kernels after boiling with watei 
The fat melts at about 30°, and lias an iodine 
value of about 31 (2) Tangkallak fat, obtained 

from the fruits of Lepidadcnia WiqhtUana (Noes ; 
B1 ), Cylicodaphne seUfera (PI ), Tctnmihera calo- 
phylla (Miquel), Tcti ant hero lamijoha (Jacq ), 
Tjitsca iSchifera (Per<^ ), Schtfna gl)itni<)Mi (Loiii ) 
(3) Irvingia butter. Cochin China wax, or Cay- 
c4y fat, the fat obtained from hvinqia (Hum 
(Pierre), Irvingia inalayana (Oliv ), hvinqin 
Ilmmnndiana (Picric), Buchanan to fa^siiqiata (H 
Paillon) The Cdy-cdy tree — ‘ candle tree ’ — is 
a tropical tree indigenous to Cochin (diina and 
Cambodia Laige quantities of the fat are used | 
by tile natives as candles The freshly prepared j 
fat is employed for edible purposes (4) Kusu 
oil, contained in the fruit of tJie camphor-yielding 
tree, Cinnarnomuni cainphora (Nees), Lauraccoe. 
From its chemical characteristics, the conclusion 
may be drawn that it consists of pure launn with i 
a few per cent of olein J L 

DIKETONES?; Ketones I 

DIKETOSUCCINIC ACID t; Ketones i 

DILATOMETER. A term originally used j 
to denote an apparatus for measuring the | 
thermal expansion of liquids Subsequently | 
given by Silberrnann to an instrument for deter- ' 
mining the strength of aqueous alcohol | 

DILITURIC ACID, mtrobarhituric acid, niiro- 1 

malom/lurea, NO„3HjO,ob- 

tainod by treating alloxantin first with hydro- 
chloric acid and subsequently with nitric acid 
(Schlieper, Annalen, 66, 24) ; by warming 
hydurilic acid with nitiio acid (Baeyer, tbtd 127, 
211) , by nitrating barbitiiiic acid with fuming 
nitric acid (Baeyer, ihtd 130, 140) , by oxidising 
violuric acid (nitrosobarbitunc acid) (Cerosolc, 
Ber/16, 1134) ; or by oxidising with nitric acid 
the compound obtained by 

condensing t^odialunc acia with thiocarbamide 
(v. Vogel, Annalen, 316, 259; Bartling, thicl. 
339, 27). 

Diliturio acid crystallises in colourless 
quadratic prisms or places, is sparingly soluble 
in cold,"more readily so in hot water, is sparing^ 
soluble in alcohol and insoluble in ether, it 


forms chloropicnn when wanned with bleaching 
j powder, IS reduced by hydi iodic and to vramil 
{anitnobarhiiui ic and), and sulTers partial leduc- 
tion when heated with glycerol, yielding ? loJarn 
acid Dilitiiiic acid is tnbasic, but most of the 
i salts are acidic, and contain only one eqiiivahmt 
1 of the metal , they are sparingly soluble m 
water, ami are not generally decomposed by 
mineral acids The ainmonninh salt 

(\IU(NH,)0,N3 

the sodium salt ('4tUNa05N3,4TU0, qxiia^^snm, 
salt (\lUKOgN-), calnu7)i salt 

CVi((^4lU()gN3),,4ir,0 
the hariuin coin pound, BaC^t^HgOgN 
fnrous salt Fe((’4lU()j.Ng)2,S}U(), and tlie.s?/rc? 
salt F4ll2Ag05Ng,2Jl 3), are coloiiilcss, the feme 
salt Fe((’4JUt)5Ng)T,()11^0 is bright yellow, the 
copp<r .salt ru(P,H .OgNd.HoO is greenish, the 
dipota.ssin?}) >^alt (’4H1\.05N3 i.s‘ bright-yellow 
(Schliepei,/ c ), and ihotiiaiginla ^ 

is lemon-yellow (Baeyer, Annalen, 13t>, 140) 
Accouling to Hollcman (Bee trav chim 1897, 
16, 1()2), dihtunc acid and its liomologucs aie 
aliphatic nitro- compounds in whi( h the iso- form 
{(f Hantzsch and Schultze, P>er I8t)6, 20, 1)99, 
2251 , Hant/sch and Veit, ihid 18!)9, .32, 607) is 
the stable moditication The aqueous solution 
of dilituric acid is faintly yellow and dec omposes 
carbonates, the moledilar conductivity lor 1 
gi am- molecule dissolved m v litres of water is 
323 4 (?;=32), 341 4 (?>=-5l2), should be 
356) , the acid is therefore almost completely 
dissociated in aqueous solution ; the addition of 
one (‘([ii'valent of a ba«e does not appreciably 
change the colour of tlie solulion, but on adding 
a s(H‘oml equivalent, the solution assumes the 
deep-yellow colour characteristic of the aqueous 
solutions of the salts of this acid Assuming 

that the formula C0< nH ^ 

y 

presents the constitiuion of the acid, Holloman 
states that the anion 

(!() 

() 

IS colourless and slowly hydrolyses into the 
yellow anion N O — . 

O 

Methyldilituric acid, I ■ mfthyl - 6 - miiohar- 
hituric acid NO„l SlfjO, 

prepared by oxidising methylviolunc acid with 
concentrated nitric acid (Andrcasch, Monatsh 
1900, 21, 281), crystallises from aqueous solu- 
tion, and the anhydrous acid is colourless ; it 
melts and dccomjioses at 143°, is readily soluble 
in hot water, less so m cold water, alcohol, or 
acetone, and sparingly soluble in ether 3’ho 
aqueous solution of the acid is intensely yellow, 
and decomposes carbonates , the aqueous solu- 
tions of the salts are also yellow, but the 
solid salts are colourless or pale-yellow 
and sparingly soluble , the potas.num salt 
CgH^KO^Na, the sodium salt C6H4Na05N3,H,0, 
the ammonium salt 05H4(NH4)0gN3, are colour- 
less , the barium salt (05H405N3)2Ba,H40, th . 
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cadmium salt (C5H4N30.)2C<i,2H20, aro pale- 
yollow , tho strontium salt (<’6H405N3)2Sr,3H20 
iH coloiirlosH, but hevomm yc'llow on losing its 
water of crystallisation Mothyldilitunc acid is 
stable with bases , it reacts readily with chlorine 
to form mcthylcldorddit uric acid 


m p 121° ; the corresponding bromo- compound 
midts and decomposes at 1118°-! 39° 

Dlmethyldilituric acid. 1 3 - dimethyl - 5 - 

nilro barhiluric acid 

obtained by oxidising dimethylviohiric acid with 
eoncentratiui nitric acid ('Pechow, Rer 27, 3085 , 
Amlroasch, Monafcsh 10, 20) , forms colourless 
microscopic crystals from acetone ; dissolves in 
5*08 parts of water at 14°, is sjiaringly soluble 
m alcohol, melts at 152° and changes into di- 
mcthylalloxan (floHeman, Rec trav c him 10, 
l(i2), and is reduced by hydriodic acid to 
dimethyluramil 

nirnethyldilitunc acid is intensely yellow in 
aqueous solution, and this is due to the presence 
of tho coloured anion of the i.sonitro- form 

[iQ ^>C NO OH, for on adding con 

contratod nitric acid, tho colour almost entirely 
disappears , further, tho molecular conduc- 
tivity of tho acid for 1 gram-molecule dissolved 
in V litres of water is IH3 3 (i;=32), and 337 5 
(c~1024), should be 352), so that m each 
solution the acid is almost completely ionised 
(IColleman, Rec trav chini lb, 102) The 
salts of dimethyldihtunc acid are coloured, tho 
sodium salt (’(,HflNa()5N3,H20 is yellow, the 
pota.<isium salt (^glRKO^N^ is greenish-yellow, 
the 'ma.qucsnim salt (( '3H305N3)2lVlg,4H 20 is 
yellowish-green, the calcium salt (f^flHfl03N3)/^a 
IS liliiish green, t\\o strontium salt ((^^Hg05N,)2Sr 
IS palo-gTccn, the haiium salt 

(^W\N3),Ra,2H,0 

IS roso-rod, and tho sdver salt (-^UgAgOgN^ is 
groyish-violet (Andreash, ?r, and Monatsh 21, 
205) 

Di nicthylchloi d dituric acid 




prepared by passing chlorine into an aqueous 
solution of dimcthyldilitunc acid, melts and 
decomposes at 150°, tho eorresjionding hrmnn- 
dcrimtive melts partially at 152° (Andreasch, 

I c ) Himethyldihturic acid is readily decom- 
posed by tho action of bases forming water, 
carbon dioxide, and dimethylnitromalonamide 

MAW 

DILL FRUIT. Anetln fructus, BP The 
dried ripe fruit of Pcuccdanum qravcolcns 
(Bonth and Hook ) 

DILL OIL V Orr.s, Essential 

DIMETHYLALLOXAN v Alloxan 
P DIMETHYLAMINOBENZOPHENONE v 

Ketones 

DIMETHYLAMINONAPHTHAPHENAZINE 

V Azines 

DIMETHYLANILINE 

Made by boating a mixture of aniline and 
methyl alcohol containing sulphuric acid m an 
»^utocUvc. For details ot mode of manufacture, 


see Walter, Chem Zeit 1910, 34, 641, ef seq ; 
and Ham's Intermediate Products for Dyes 
Instead of sulphuric acid iodine may be employed 
(Knoll & Co , D R P 250236) Or a mixture 
of aniline and milk of lime and methyl chloride 
may bo heated under pressure (Grandmougm, 
Rev prod chim 1917,20,68) 

Dimethylanilino boils at 192 67738 mm ; 
ra p 2 07° . sp gr 0 96 at 15° {see Amines) 
DIMETHYLDIAMINODI - o - TOLYLME- 
THANE 

CH, CHg 

CH, 

Obtained by treating methyl-o-toluidine, or a 
mixture of mono- and dimethyl-o-toliiidme with 
foimaldohydc (40 pc solution) and hydrogen 
chloride, diluting with water, adding sodium and 
steam distilling to oxjiel the excess of the methyl- 
o-toluidinc ()n cooling the base crystallises, 
and may be punhed by crystallisation from 
alcohol ( Bad Anil and Soda Fabrik, D R P 
67478) , m p 87° , b p 255°/9 mm 

DIMETHYLDIAMINOTOLUPHENAZINE v 

Azines 

2 : 2' DIMETHYL 1 P DIANTHRAQUIN- 
ONYL 

CO 



Obtained by diazotismg l-aiTuno-2-mcthyl- 
anthraquinone dissolved in sulphuric acid, 
pouring the product on ice, separating tho 
diazonium sulphate, and treating it with acetic 
anhydride and copper powder 'I3ic precipitate 
thus formed is mixed with water to icmove 
acetic anhydride, and with dilute nitiic acid to 
free it from copper Han also bo prepared by 
treating 1 -chlorometliylanthraqumone with cop- 
per powder (Bad. Amlin and Soda Fabrik 
D R P 180157), nip 3G6°-367° Used m 
making liidanthreno Holden yellow v. Pyran- 
throne, art Inpanthrene 

DIMETHYLETHYL ACETIC ACID v Ca- 

PIIOIO ACID 

DIMETHYLGLYOXIME(firdma:tmnm&Mtac) 

HH3 0 . N OH 

I , was originally obtained by 

HH3C NOH 

Schramm, in 1883, by acting upon methyl- 
oximino-ethyl ketono with aqueous hydroxyl- 
ammo hydrochloride (Ber 16, 180) Tt is 

readily prepared m quantity by tho following 
method (Gandunn, J pr Chem 1008, 77, [11] 
414) •— 

850 c c of commercial methyl ethyl ketone 
aro mixed with 30 e c of hydrochlonc acid of 
sp gr I 19, and 1 litre of amyl nitrite is allowed 
to run in slowly with vigorous stirring This 
takes IJ hours, and the temperature should bo 
maintained between 40°-50° When tho reaction 
IS over, 800 grams of ic ‘ are added, followed by 
378 grams of sodium hydroxide m 800 c c. of 
water, and the mixture is shaken for half an 
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hour. After standing, the layer of amyl alcohol i 
IS removed, and the aqueous hquid twice ex- ' 
tracted with ether. 100 c.c of the alkaline 
liquid are treated with the calculated amount of i 
hydroxylamme hydrochloride, and the di- 
methylglyoximo produced is collected and 
weighed. If the original volume of tlie alkaline 
luiuid IB V c c y a grams the weight of dimethyl- 
glyoximo obtained from the 100 e c of liquid, 
then the amount of hydioxylamme hydio- 
ehloride in grams required for the remaining 
liciuid L'i ecj[ual to 050(e~- 100)u/ 109500 This 
iveight of hydroxylamme hydrochloride is dis- 
solved m a little water, added to the alkaline 
licpiid, and the whole warmed on the water- hath 
for fin hour The licpiid is acidified willi acetic 
acid, and the dimethylglyoximc, which sepaiates, 
IS hltercd, washed, and diicd This product 
is sudiciently pure, but it may, if desiri'd, be le- 
ciystallised from alcohol Y leld, 050-700 grams 

(For details, see Adams and Kamm, J Amei j 
Chem. Soc. 1918, 40, 1281 ) | 

(For other methods of preparation, e Bilt/, | 
Zeitsch anal Chem 1909, 48, 104 , Tbchugaetr, 
13cr 1905, :38, 2520 ) 

Propeitus — Dimethylglyoximc foims coloui- 
less, glistening needles, and is insoluble m watei , 
but soluble in alcohol It melts at 245^’- 24()'’ 
(Mcyei -Jacobsen, 1 (ii ) 82(), 1913) its dibcn- 
zoyl derivative foims rhombic plates, melting at 
223"" (l)icls and Stem, Her 1907, 40, 1029). 


adding the oxime and acetate (Hrunck, Zeitsch- 
angew. Chem. 1907, 20, 1844). As the pieeipi- 
tatc of mckel glyoxime is veiy voluminous, it is 
advisable to woik with solutions containing not 
more than about 0 1 gram nukel, owung to tbo 
dilhculty of tdtiation, and again in older to avoid 
j waste of mateiial, the cobalt, if piesc'iit, should 
not exceed 0 1 giam, otherwise a iaigo excess of 
I ammonium h^ dioxide and dimcthylglyoxime 
. IS necessary in older to pi event its precipitation 
By either of the above methods, cobalt and 
zinc may be sepaiated fiom nickel, but about 
, twice tile theoretical amount of ic'agent is 
nc'cessaiy Manganese, of course, can only be 
I sc*p«vratcci by th(‘ acetate method lion, alu- 
I minium, and thiomium may bescqaiiated by the 
' ammonia method, if taitaiie acid bc' pieviously 
added (and, in addition, ammonium c liloiide ml hc' 
case of cliiomium) lion may also bo scqiaiatcd 
m acetic acid solution, prov idecl it is m the feiious 
state (Biuiick, Zeitscli angew Chem 1997, 20, 
1845, Biettnei, Clumi Zeit 1909,33,390,411; 
Ivanicki, Chem Zeit Be]) 1908, 32, 044 , 

Khc‘ad, Analyst, J!)10, 35, 97, i u/ao Ajsalv sis) 
The oMine is sutlieiently exjiensive to make 
its lecoveiy desirabk* 'I’lus m.u^ be etlectcd by 
dissolving Uie, nickel deiivativc* in acjuc'ous 
potassium cy.inide and acidifying with acetic 
acid The piccqiitated dime tliylgly oxime is 
j)urific‘d by ic'd ystailisat ion fiom hot alcohol, 
aft(‘r clecoloiiiisation witli chaicoal {v Ketcjuks). 


On oxidation with potassium fciucyanido 
or nitrogen peioxidc it yields fui<)\anc‘ (Scholl, 
Ber 1890, 23, 3498) , this is i educed to the 
dioximo again when treated with zme and 
acetic acid (Rimini, Caz/ chiin ital 1895, 25, 
fii ] 200) When heated with aqueous am- 
monia at 170' -180'’ it yic'lds the anhydiide 
dimethylfurazan (Woltf, Ber 1895, 28, (>9) 

Application tn Ainalysih - -Dimethylglyoximc* 
IS now an important analytical reag(*nt, owing 
to its property of foiming <i bright scarlet 
insoluble nickel dciivative It thus bccomc‘s 
possible to estimate nickel simjily and a( c u- 
rately, in the* presence of iron, aluminium, 
chromium, cobalt, /me, or manganese, all of 
which fcjim soluble derivatives In addition, 
an excellent cpialitativc test foi me kel iii the 
preseiiec of cobalt is supplied Foi the latte i 
purpose, a pinch of the oxime is add(*d to the 
solution c (jutaming c'xcess of «immonia or 
sodium acetate, ancl the licpiid boiled A sc arlet 
precijntato is obtained even wlien theie is 
present only one part of nic-kel m two million 
parts of solution (TschiigactT, Ber 1905, 38, 
2520 ; Compt rend 1907, 145, 079 , Kiaut, 
Zeitsch angew Cliern 190f), 19, 1793) 0 1 

milligram of nickel can be detected m the 
presence of 5000 times as much cobalt 

For the quantitative estimation of nickel, the 
acid solution is heated nearly to boiling , a 
slight excess of 1 p c alcoholic dimcthylglyoxime 
IS added, and then a small excess of either am- 
monia or sodium acetate The precipitate is 
filtered while hot on to a Gooch crucible, washed 
with hot water, and dried at 110°- 120° Its 
formula is (CH 3 C (CH 3 C NOH)„ and 

it contains 20 31 p c of mckel , it has no definite 
meltmg-point, but subbmes at 250° Am- 
monium salts do not mt'^rfere ; if the acetate j 
method is employed, the original solution should | 
be nearly neutralised with ammonia before j 


DIMETHYLMALONIC ACID V CiLUTAKlC 

ACID 

DIMETHYLOXALIC ACID i; IIvduoxy- 

BUTVJIIC ACIDS 

aa DIMETHYLPROPIONIC ACID t Valeric 

ACID 

DIMETHYLPYRROLE e Hone oil 
DIMETHYLSAFRANINES 1 Azimvs 
DIMETHYLTRIAZINE, J )iazoa mm onu flame 
V Dia/o- compounds 

DINAPHTHAZINES r Azinls 
DINITROANTHRAQUINONES. 

1 . 5-Dinitroautliiaquiiionc (m j) 330' ) 

GO NO. 


NO, GO 

IS made, togethei with the 1 8 ihomeiide, by 

adding bodium nitiate to anthra([uin(me dis- 
solved in hiiijihune and Hy I'xtradion with 
alcohol or acetone the 1 S dinitioanthraquine 
(in p NO, CO NO. 


is removed 

Used in the manufactuie of anfhiaieiie 
blues Sie Alizarin and Allied colouring 

MATTERS 

DINITROBENZENEDIAZO OXIDE t Diazo 

COMPOUNDS 

DINITROBENZENES v. Benzene and its 

HOMOLOGUES. 

2 4 DINITRO-4 -HYDROXYDIPHENYL- 

AMINE 


VoL. II.— r. 


2 Si 
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2 . 4-DlNlTRO-4'-HYDROXYBIPHENYLAMINE. 


Made by boiling together in water containing 
n chalk a mixture of 4-chloro-l : 3 dinitro- 
benzeno and ^-aminophenol m molecular pro- 
portions , ra p. 190^' Used in the manufacture 
of sulphide dyes {q v ) 

DINITRONAPHTHALENESv Naphthalene. 

DINITROPHENOLS v Nitkophenols and 

THEIR HOMOLOGUES 

DINITROSTILBENEDISULPONHIC ACID 

^011 CH^ 

SO3H SOlH 

Ubtaincd by wanning a solution of sodium 
p-mtiotolnene sulphonate containing sodium 
hydioxido with sodium hypochlorite when 
sodium dmitrostilbeiiedLsulphonato sepaiates on 
cooling The free acid is obtained by ti eating 
the sodium salt with hydrochloric acid Pale 
yellow needles 

DINITROTOLUENES v Benzene and its 

HOMOLOGHES, NITRATION OF. 

DIOCTYLMALONIC ACID 

((!3H„)3C(C03H)3 

Prepared from diethylmalonic ester, sodium 
mothoxide and octyl iodide, and subsequent de- 
composition of the ester thus formed with caustic 
potash (Com ad and HischolT, Annalcn, 204, 
163) , m p 75°. 

DIOFORM. Trade name for 6ymm l-2-dx- 

CHCl 

chlordhylene (acetylene dichloiide) || 

CHCl 

{q.v ) Suggested as an ana'sthctic 

DIOGEN. Tiade name for sodium amino- 
naphthol-disulphonate. 

DIOGENAL. Trade name for dibromo- 
propyl diethyl barbituric acid 

DIONINE. Ethyl morphine hydrochloride, 
V Opium and Synthetic drugs 

DIOPSIDE. A double salt meta-silicate of 
calcium and magnesium m which a part of the 
magnesium is usually replaced isomorphously 
by an equivalent amount of feirous oxide, the 
formula being Ca(Mg,Ee)(8i03) , It is a membei 
of the monoclimc senes of the pyioxene group, 
and is of importance as a rock-forrnmg mineial , 
while occasionally, when transparent and of a 
rich bottle-green colour, it is employed as a 
gem-stone The depth of colour, sp gr (3 2-3 3), 
and other physical characters vary with the 
percentage of jron present, which in material 
of gem quality, such as the crystals from Ala 
in Piedmont, and the Zilleithal in the Tyrol, 
amounts to about 3-4 p c FeO. The hardness 
IS 6 L J S 

DIOPTASE. Hydrous siTicate of cojijior, 
H2CUS1O4, crystallusing in the rhombohedial 
system with parallel-faced heiuihednsm The 
water is expelled only at a red heat, and the 
formula has consequently been variously inter- 
preted as an acid ortho-silicate, or as a basic 
meta-silicate F ^ambonini (1908) concludes 
from dehydration experiments that the formula 
13 CuSiO*3 Hj^O, with the water held in solid 
solution in the raeta-silicate The mineral is 
of a characteristic emerald-green colour (hence 
the name emerald-copper ; Ger , Kupfer- 
Schmaragd), and transparent crystals nave 
occasionally been cut as gem -stones. For this 
purpose, however, the hardness (H =-5) is 
ratho* low ; sp gr 3 3. The best crystals are 
found on the limestone hill of Altyn-Tube m 


the Kjirghiz Steppes, Siberia, and m the copper 
mmes near Mmdouli in the French Congo. 

An alhed mineral, planch cite (of A Lacroix, 
l90S,~67iatlucktte of W. T. Schaller, 1915), 
occurs as blue, fibious concretions assoc latecl 
with dioptase in the French Congo. This has 
the composition 2CuSi03'Hj0, representing a 
paitly dehydi'atcd dioptase. L. J S. 

DIORITE. An igneous lock composed essen- 
tially of plagiocituse felspar (oligoclaae to labiado- 
iite) and hornblende, and with a coarse- to 
medium-grained crystalline-granular texture. 
It belongs, with granite, to the senes of plutonic 
locks, and is of in tei mediate composition 
(SiO^, 52-60 p c ), falling between syenite and 
gabbio Its volcamc equivalent is andesite 
Other minerals may also be present as essential 
constituents of the loek, and accordingly the 
following vaiieties are distinguished . hoin- 
blendo-diorite (diorite proper), augite-dioiite, 
enstatitc-dionte, mica-diorite (the mica heie 
being biotite), quartz-mica-dioritc, quaitz- 
diorite (or tonalite) 'Plie colour is usually dark 
grey 01 greenish- black, and for this reason the 
rock 18 included under the general term ‘ green- 
stone ’ The sp gr ranges from 2 8 to 3 1 ; the 
porosity IS low, 0 26 pc , and the ciushmg 
strength 1040 to 1830 tons per square foot 
Undei 1 IS given Bioggcr’s aveiage of sixteen 
analyses of typical dioiites , analysis 11 is of 
dioiite from iStiathspey, Scotland; HI. of 
quartz-diorite from Spanish Feak, Flunias Co , 
California (me hiding BaO 0 04, CO2 0 20, 
PjOg 0 25, SO3 0 03), IV hoinblendc-augite- 
dionte from Inchnadampf, Suthcrlandshiro 
(including CO^ 0 54). 


8i(), 

1. 

. 56 52 

II 

53 22 

111 

59 68 

IV 

52 47 

Tii), 

. 0 25 

— 

0 65 

— 


16 31 

16 84 

17 09 

12 15 

¥ 0 , 0 , 

4 28 

— 

2 85 

3 47 

FeO 

. 6 92 

9 27 

2 75 

5 23 

CaO 

. () 94 

8 53 

() ()2 

9 71 

MgO 

4 32 

6 48 

3 54 

9 94 

K,0 

1 44 

1 39 

1 31 

2 26 

N<i,0 

3 43 

3 54 

3 87 

2 81 

H.O 

. 1 03 

0 95 

1 15 

1 62 


100 34 

100 22 

10(L03 

100 20 


Diontes aie of wide distribution and aio 
veiy common in association with granitic roiks 
m the southern uplands and highlands of 
Scotland They are extensively quarried lor 
load-rnetal and paving-setts in the Channel 
Islamls, Guciiisey, Jersey, and Alderney, and 
at Brazil Wood near Mount Sorrel in Leicester- 
shire Owing to the difhculty of woiking the 
rock and its dull colour, it is not much used as 
a building stone, except locally Certain coaise- 
grained varieties are, however, polished for 
ornamental purposes. For example, a variety 
from (’orsica, known as napoleomte, coisite, 
or ball dionte, shows a spheroidal structure 
with alternating concentric layers of light felspar 
and dark hornblende. L. J 8 

DIOSCORINE CiaHjgO^N, greenish-yellow 
plates, m p 43 5°, occurs in Dto^^torea hxrsuia 
(Blume) tubers of Japan Bitter and poisonous 
(Gorter, Rec trav. chim. 1911, 30, 161) Has 
an action hke picrotojin 

DIOSPHENOL, Buchu camphor v. Buchu 
DIOXINE. Gambine H. l-mtroso-2 : 7- 
dihydroxynaphthalene, v, QuiNONEOXiME DYES. 
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DIOXOREA. A genus of plants of the 
Dioxoreacoous order, the tubers of which are 
known as yams, and are largely oaten in the 
West Indies and other tropical countries D. 
batatas (Deene ) is the plant producing tubeis 
known as ‘ sweet-potatoes,’ which aie cooked and 
oaten as a substitute for potatoes 

DIOXYGEN. Trade name for a 3 pc 
solution of hydrogen iieroxide 

DIPHENAL, Diaminohydroxydiphoioly used 
as a photographic developer 
DlPHENAZINEv Azines. 
o-DIPHENETIDINE V Diphenyl. 
DIPHENYL, ^rhis liydrocarbon, which has 
the molecular foimula is stiuctuially 

composed of two benzene nuclei joined together 
by a bond linking two carbon atoms, one in each 
ring The carbon atoms are numbered for the 
purposes of nomenclatuie in the following 
way — 



5 




Although of minor importance, dijihenyl is 
nevertheless the parent substance of a large 
number of important bases which have found 
application in the preparation of the so-called 
substantive cotton dyes, th.it is to say, of 
colouring matters which will alhx themselves to 
the veg(‘table fibres without the aid of a moidant 
These bases aie, however, not derived directly 
from the hydrocaibon, but aie prepaied by an 
indnect method which will be described later 
Diphenyl was originally obtained by Eittig 
(Amialon, 121, 3()3) fiorn an etheieal solution of 
bromobenzene by the action of metallic sodium 
H,Br h nTi\U, + 2Na + 2NaHr 

but it IS more conveniently prepaied by the 
method diseoveied by Berthelot (Ann (diim 
Phys [4] 9, 453, [4] 12, 185), who obtaineil it 
by passing the vapour of benzene thiough a red- 
hot tube 


The following pioceduie is lecommcnded 
(Schultz, Ber 9, 547 , Hubner, Annalen, 209, 
339 ; Smith and Lewcock, ( !heni Soc Ti ans 
1912, 101, 1453; lajiparatus] La Cos to and 
Sorger, (Annalen 230, 5) The vapour from a 
(juantity of benzene (free fiom thiophen), 
contained in a laigo flask heated on the watei- 
bath, or producecl by diopping the liquid into 
a copper flask he.ited to 150‘’, is allowed to pass 
through an iron tube, lilled with pumice, winch 
18 hc'ated to about 720^^ in a combustion fuinace , 
the lower end of the iron tube is attached to a 
condenser and receiver, m which the products 
are collected. Wlimi all the benzene has dis- 
tilled over, the distil l<i-ti‘ is again placed in the 
flask, arid the vapour passed anew through the 
red-hot tube, or the process may be made 
continuous. The ultimate product is then 
fractionally distilled, and the portion boiling 
between 250 ’ and 200°, w Inch solidifies on cooling, 
18 purified by recrystallisation from alcohol 
The yield is about 50-00 p c. The pyrogenic 
preparation can also bo effected by means of an 
incandescent filament of carbon, platinum, or 
nickel (Lob, Zeitsch. Elektrochem. 1902, 8, 777) 
Diphenyl separates from alcohol as largo, 
lustrous lamina) which melt at 70 5°. It bods 
at 254° (corr.), and is insoluble in water. The 


hydrocaibon, when oxidised by chromic acid 
passes into benzoic acid. 

Bennett and Turner (Chem. Soc 'rrans.^ 
1914, 105, 1057) found that ehiomic chloride 
reacted quantitatively with magnesium phenyl 
bromide to form diphenyl Krizewsky and 
Turner (Chem Soc Trans 1919,115,559) have 
observed that anhydrous cuprii* chloride behaves 
similarly, yields of about 85 p c of the theoietical 
amount of dqihenyl being thus obtained ^ 

Dnivativcs of Diplnnyl and then OnvntaUon 
— n’he more important deiivativcs of diphenyl 
are not prepaied diiectly from the hydiocarbon, 
but from certain nitio- deiivatives of benzene in 
a manner to be desiiibed latei The hydro- 
caiboii yields, howevei, halogen, nitio- and sul- 
phonic acid deriv.itives analogous to those jue- 
paied from benzene, substitution taking place 
m eithei one or both rings according to the 
conditions of the expiuiment The method of 
orientation adopted for these compounds may 
bo biiefly desiiibcd as follows (Schultz, Annalen, 
174, 201 , Schmidt and Schultz, ibid 207, 320). 
When diphenyl is treated with bromine, it yields a 
monobromodiphen3d, asubstaiice which, on oxida- 
tion, IS converted into ji-bromobenzoic acid, thus • 

It fcrtlows, theicforo, that lu bromodiphenyl tho 
biomine atom must have entered in the paict- 
position with respect to the linking carbon 
atom When bromodqihenyl is tieatcd with 
nitric acid, it is converted into a monobiomo- 
mononitrodiphenyl, a substance which, on 
oxidation, yields a mixtuie of p-biomobenzoic 
acid and p-iiitiobenzoic acid It is therefoic 
app.irent that the formula of this biomonitio- 
dciivative must be . 

Br<Q>_<Q>NO, 

3’he same comjiound is also obtained from 
dmitrodiphenyl by first reducing this to intro 
ammodqihcnyl (m p 198°) and then replacing 
the amino- gioup by bromine by means of the 
diazo- reaction Hence dimtrodiphenyl and itF 
reduction product are da-paia- derivatives 
Since, however, nitroaminodiphenyl, on reduc 
tion, fuinishcs the diamino- derivative, benzidine, 
the latter is also a di-paia- compound, oi 
4 4'-diamniodipheiiyl, the piepaiatioii of which 
IS described later 

Tho transformation of the simplest aiomatu 
hydrocarbon benzene into diphenyl by the action 
of heat has alieady been mcmtioned This 
tiansforination can, however, be etlected much 
more leadily by the oxidation of ceitain deiiva- 
tives of benzene, and especially those which, like 
tho phenols, have a reactive hydrogen in the 
para- position with respect to tho substituting 
group Thus phenol itself and also resorcin 
readily pass into derivatives of diphenyl when 
fused with potash (Barth, Annalen, 150, 95). 
With hydroqumono, the tiansfoimation is still 
more readily effected and the action of the 
mildest oxidising agents is sufticient for the 
purpose (Nietzki and Bernard, Ber. 31, 1334). 

The primary bases of tho benzene series, such 
as amlino, do not lend themselves to the pro- 
duction of derivatives of diphenyl, but the ter- 
tiar'" bases readily do so ; thus dimethylamlmo 
yields tetramethylbenzidmo when oxidised 
(Michler and Pattinson, Ber. 14, 2102 and 
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It has also been found that certam azo- 
^orivativos of benzene can be transformed bv 
oxidation into tetrazo- derivatives of diphenvl, 
and in this way Congo red can be formed by 
treating benzeneazonaphthionie acid with 
manganese dioxide and sulphuric acid . 


CeH,N-N-C,oH,(NH,)S 03 H 

C«ILN-N-Ci„H,(N 11 ,)S 03 H 

^ c«h:4~n^n-c,oH,(nh,)so3H 

I +H^O 

OeH4-N=N--C,oH,(NH,)8()3H 


Denvatives of dijilien^d can also be prepared 
from certam diazoiuum salts of the benzene 


senes Thus Kuliling has shown (Bcr 28, 41 , 
2<), 1()5) that when an ?.sodia7o- salt is treated 
with an aromatic hydiocarbon in the presence of 
an acid chloride, the following reaction ensues • — 


• NO, C«H,N.0K + C«H8+CH3C0C1 

^NO;CVl4-C,Ha-}-N, + KCH CHaCO.H 


Finally, Fittig (Annalen, 124, 280) showed that 
benzidine was identical with the base formed by 
the reduction of 4-4'-dimtrodiphenyl, and hence 
established the constitution of the base as 
4 - 4 diaminodipheny 1 . 

Manufacture of Benzidine — A jacketed iron 
pan fitted with an agitator, reflux condenser, &c., 
is charged with 100 kilos of nitrobenzene and 
50 kilos of alcohol This mixture is heated to 
boiling, and 160-160 kilos of zinc dust are 
added. The stirring must be very eflicient 
during the next operation, which requires 5-(j 
hours, of adding gradually a mixture of 100 
kilos of alcohol and 40 kilos of sodium hydroxide 
solution (36®-40^B ). The reaction is vigorous 
and is regulated by the rate of addition of the 
alkali and, if necessary, by cooling. When all 
the alkali has been added the mixture is stirred 
until it IS of a uniformly grey colour, and to 
obtain this more zinc may have to be intioduccd. 
The alcohol is then distilled off by means of 
: steam, and the ri'sidue is thrown on a fine 


This reaction has been simplified by Bam- sieve which retains the hydrazobenzene and 
borgcr(Bcr 28,403, 29, 272 and 4().5), who uses allows the zine dust, zinc oxide, &c , to pass 
free i.sodiazobenzene hydroxide, and shows that through Another method of working up con- 
it passes, in tlie jirosence of benzene, without any sists in diluting the reduction mixture with 
condensing agent, into a deiivative of diphenyl watei, caiefully neutralising with hydiocliloric 
Many derivatives of diphenyl can also be formed acid, and filtering off the hydrazobenzene 
by the method of Ullmann, in which lialoirendeii- The latter is transfoimed into benzidine by 
vatives of benzene aic tieated with finely divided mixing it with ice and acidifying with con- 
copper (Bor 43, 2f)82 , Annalen, 1904,332,38) centrated hydrochloiic acid After some time 
Benzuhm and the ‘ Benzidine Bcatiange- water is added and steam intiodiieed so as to 


nient ’ — The benzidine rearrangement, which dissolve the benzidine hydrochloride, the solu- 
has been widely apfilied to the preparation of a tion is filtered, and the benzidine sulphate 
laige number of important bases used in the precipitated by adding sodium sulphate solution 
prodiu tion of the substantive cotton dyes, is 'phiy is filtered off, washed, and the base obtained 
the name given to the change which an aromatic hy boiling with sodium hydroxide solution, 
hydrazo- compound undergoes when treated cooling, collecting, and distilling in a vacuum 
with at ids or cci tain acid reagents 33io change still The yield is about 80 p c. of the theoretical, 
is effected by the wandering of the hydiogen The above process tan also bo earned out 
atom which is m the para- position m each ring without the use of alcohol, or solvent naphtha 
on to the nitrogen atom attached to that ring , can be employed instead. 

at the same time, tiic link between the nitrogen The electrolytic reduction of nitrobenzene 
atoms IS broken, and the two aromatic nuclei are to hydrazobenzene is the subject of a number 
joined together It is apparent, therefore, that of patents, but it would not appear that this 
only those hydra/o- denvatives of benzene which method is yet applied on the large scale {cf 
have their para- position free will undergo this Lob, Ber 1900, 33, 2329) 

transformation - production of benzidine from azobenzene 

^ IS easily effected by an electrolytic method with 

L Il^H NH^— (ygH4 titanium salts or vanadium tnoxide used as 

j ® ^ I catalysts The azobenzeno is suspended in 

H H NH^ ^6^4 30 p c sulphuric acid containing 10 p c titanous 

^ ® ^ sulphate ; a lead cathode is used with a current 

^ of 3-4 amp. per square dem at 3-4 volts 

Hydrazolierizene Ben/ldme (£> ^ pp 108273 and 172664) 

The history of the discovery of this re- The presence of small quantities of hydriodic 
arrangement is briefly as follows Zinin (J pr acid facilitates the reduction of azobenzene to 
Chem 3(), 93), m the first instance, sliowed that benzitiine by means of sulphurous acid (I) K P. 
azobenzene CgHg — N— N— when treated 172669) 

with alcoholic ammonium sulphide, passed into a Benzidine, when pure, forms colourless 
crystalline compound winch, when dissolved in lustrous lamime, which melt at 127 6°-128°; it 
alcohol and boiled with sulphuric acid, gave the boils at 400^-401° (740 mm ) The base is 
sparingly soluble sulphate of a base This base characterised as a para- denvative by the 
he called benzidine formation of qumone when it is oxidised by 

It soon became apparent that the substance manganese dioxide and sulphuric acid It 
responsible for the formation of benzidine must can be identified by a number of colour re- 
be an intermediate product formed by the action actions chlonne, bromine, potassium perman- 
of the reducing agent on azobenzeno This ganate, potassium ferricyamde, and chromic 
view was confirmed experimentally by A. W acid, producing characteiistic shades. The 
Hofmann (Jahresbericht, 1863, 424), who pre- most characteristic salts of benzidine are the 
pared the intermediate product, hydrazobenzene, sulphate C,2Hi2N2,H2S04, and the chromate 
and fo”’ d that it passed with remarkable case C,2H,2N2,H2Cr04 Both salts are sparingly 
itii/O benzidine when treated with mineral acids, soluble in alcohol and in water. 
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When treated with nitrous acid, benzidine 
hydrochloride is transformed into a tetrazonium 
salt of diphenyl 


OeH^N^Ol 

which reacts readily with the usual second com- 
ponents of the azo- colouring matters, forming 
azo- compounds, the solutuins of which possess 
the property of dyeing tlio vegetable fibres 
without the aid of a mordant The number of 
colouring matters of this kind jin^pared from 
benzidine is largely increased owing to the m- 
silublo character of the diazonium rfalt 

C.H^N.X 

i.H.N.Cl 

in which one molecule of a second component, 
XH, has combined with the tetrazonium salt 
derived from benzidine These diazonium salts, 
when combined with some other second ( om- 
ponent, YH, yield mixed azo- colouring matters 
of the formula 

CeH^N^X 

(:,H,N,Y 

Benzidine in the presence of hydrogen per- 
oxide IS used as a test for blood, with which it 
gives a blue colouration The test solution is 
made by taking 10 drops of a coneent rated 
solution of benzidine in glacial acetic acid, and 
adding 2 cc of a 3 p c solution of IKO^ 
Sensitiveness — 1 part in 200,000 (Utz, (’hem 
Zeit 1907, 31, 737, Schiimm, Pharm Zeit 
1007, 52, 004, McWccney, Sci Proc Roy 
Biibl. Soc 1009, 12, 210 , Bordas, Compt rend 
1910, 150, 502, (ligli. Boll chirn, faim 1910, 
49, 955, rf 0 and R Adler, Zeitsdi physiol 
Chem 1904, 41, 59 ) 

llomologae/t and Derivatives of Benzidine used 
in the Preparation, of the Sushtanhi^e Cotton Dye<i 
— Although a groat many of the derivatives of 
benzidine yield a/o- colouring matters which are 
substantive to the vegetable fibres, yet this 
property is largely dependent on the position of 
the groups substituting the hydrogen atoms of 
the diphenyl molecule Thus it has been found 
that when the substituting groups are in the 
mota- position to the coupling bond, <as in 
OH3 (TT3 

’"'-O-O""' 

o-Toli(lino 

OCHo OCH 3 

1 I 

and ^ 

o-niaiiKidiiie 

the azo- colours formed are substantive to 
cotton. If, however, groups arc in the ortho- 
posiUon, as m 



Benzkline-ra-dlsulphonu. acid. 


(JO,H COM 
1 I 

and ^ 

Diamiiiodiphenic acid. 


the property of the azo- colours of dyeing un- 
mordanted vegetable fibre is lost. The ortho-^ 
derivatives nevertheless yield substantive cotton 
dyes if ring formation takes place between the 
substituting groups in those positions , thus 

^nh/' 

Diaminocarbazoic 

Benzidine sulphone 

yield azo- dyes substantive to cotton. 

Benzidine-o-disulphomc acid is prepared by 
heating benzidine sulphate with 2 parts of sul- 
phuric acid for 30-48 horn’s at 210'' (Ber 1889, 
22, 2404, Eng Pat 1074, 1884, J) R P. 
27954) 

o-Dtchlorohenzuhne is prepared from o- 
chloronitrobcnzene, and ls also produced by 
chlorinating dia( etylbcn/idine (Eng Pat 25725, 
1890; Fr Pat 205155, D R P 94410, 
U S Pat 025174) It melts at 133° 

m-Niirohenzidine, obtained by treating a 
solution of benzidine m sulphuric acid with one 
equivalent of nitiic acid or jiotassium nitrate 
(Tauber, Ber. 1890, 23, 790, Eng Pat 13475, 
1892; Fr Pat 223176, D R P 72807, UN Pat 
493583), melts at 143°;, when two equivalents of 
the nitrating agent are used, m-dmitrobenzt- 
dine, m p 214°, is produced Mononitration of 
diacetylbenzidine or phthal^lbcnzidine, and 
subsequent hydrolysis of the product, furnishes 
o-nitrohenzidine^ m j) 190° (Kollcr, Ber 1904, 
37,2883, Fi Pat 20.3408), whilst two different 
o-dinitrobrnzidines, m ]> 275° .ind 233°, are ob- 
tained by the dinitration of diacctylbenzidine 
and diphthalylbenzidine respectively (Trans. 
Chem Soc 1912, 101, 2298) 

The following compounds, prepared from the 
corresponding nitro- derivatives of benzene, are 
of importance — 

o-Tolidine^ 4.4'. diaraino - 3 - 3' - dimethyl 
diphenyl NH, (\U^(Cll,,)-(\H^{C}l,,)NLl , from 
o-nitrotoluene, forms iilistcninir plates, melting 
at 129° It is spatingly soluble m water, but 
I readily soluble in alcoliol and in ether The 
j sulphate is spanngly soluble in water 

o-Dianisidine, 4-4'-diamino-3-3'-dimethoxy- 
diphenyl NH, C8H3(()(’H3)~(’«H ,(()(’H3)NH,, 
from o-mtroamsolc, forms colourless leaflets, 
melting at 135° (For its manufacture, see 
Jansen, Zcitsch Farb Ind 1913, 12, 247 ) 

o-Ihpheuetidiney 4-4'-diamino-3-3'-diethoxy- 
diphenylNII, C, 11,(00, B,)-C,n,{OC,UMH,, 
from o-nitrophenetole, forms needles or leaflets 
melting at 117° J F T 

DIPHENYLAMINE was first obtained by 
Hofmann, in 1864, by distilling aniline blue 
(Annalen, 132, 163), and m small quantity by 
distilling rosaniline and Icucaniline l)e Laire, 
(lirard, and (‘hapoteaut discovered an easier 
method of prepaiing it by heating anihne with 
the hydrochloride at 210°-24()° (Zeitsch Chem. 
1866,438, Compt rend 63,91) 

CeH5NH3-fC„H5NH,HCl=NH((\H5)>-fNH4Cl 
This reaction is greatly facilitated by the use of 
certain catalysts. It may also be obtaiuv ^ 6- 
heating phenol with the double compound of 
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anilino and zinc chloride at 260°-260° (Merz and 
Wcith, Ber. 13, 1298, 1880) • 

(^eH,NH,+CeH,OH=(0,H,),NH+H,0 
and by heating aniline and diazoaminobenzene 
to 150*^ till the evolution of nitrogen ceases In 
this last reaction, ortho- and para- ammodiphenyl 
are formed at the same time (Hirsch, i). R. 1* 
02309) Diphenylamme has also been prepared 
by the acdion of aniline on bromobenzene in 
presence of cuprous iodide (Goldberg, D R P 
187870, 1900) Aniline, when heated with 

ferric chloride, finely divided copper, and iodine, 
IS converted into diphenylamme Other cata- 
lysts can also be used (Rogers and do Nemours, 
LIS Pat 1314638) 

Manufacture — Aniline (1 mol ) is heated with 
aniline hydrochloride (1 mol ) for 30-35 hours m 
an autoclave at 220°~230°. The product is 
extracted with hot dilute hydrochloric acid 
which dissolves the aniline hydrochloride and 
converts the diphenylamme into the free base, 
foiming an oil which solidifies on cooling The 
cake of diphenylamme is washed and then dis- 
tilled alone or m a current of steam Yield, 
00-70 p c of the aniline employed It is used 
in the manufacture of diphenylamme blue, 
diphonylamine orange, and aurantia (v infra) 
Propertii‘.s — Monoclmic laminae , m p 54® , 
b p 310® , almost insoluble m water, soluble m 
alcohol, bcnzen(‘, and other It is feebly basic, 
and the salts are hydrolysed by an excess of 
water 

Reactioiis — M'he hydiogen of the imino- group 
is replaceable by alkyl or acyl radicals (Bose- 
ken. Roe trav chitn 1912, 31, 350) With 
methyl iodide it gives a methyl deiivative , 
with benzyl r-hlonde, a benzyl derivative With 
formic or oxalic acid it yields formyldiphenyl- 
amine, m p 74° ; with acetic acid or the ac id 
chloride, an acetyl deiivativc, m p 103° , and 
with benzoyl (blonde, a benzoyl d('rivative, 
m p 180° When heated with zinc chloride, the 
acyl derivative's lose water and form acridine 
derivatives Formyldiphenylammc gives acii- 
dme 

/N N ^ 

V.,u/ I I ^0,11, + H,0 

(!HO ^OH/ 

The acetyl compound yields methylacridme 
(Bernthsen and Bi'iider, ller 1883, 10, 707) 
Diphenylainine also give.s acridine by heating 
with chloroform and zinc chloride or aluminium 
chloride 

(CeH.),NH+<:HCI,=C,H / I VlJI.+SIICl 

(O Fischer and Korner, Ber 1880, 17, 101) 
With excess of oxalic acid, diphenylamme is 
converted into diphenylamme blue 

M.H, NH CeHs 

3((!,lI,),NH-f 0O,-0 (c«H 4 NH -f2H,0 

Carbon tetrachloride reacts like oxalic 
acid, and gives the same blue colour With 
sulphur, thiodiphcnylammo, the parent sub- 
stance of methylene blue, is produced 

(0,H, ),NIl4-2S=C.H,c;;;^^g®^,H,+H,S 

(Berrith«-n, Ber 1883, 10, 2897) When the 
vcv^wur of diphenylamme is passed through a red- 
hot tube, carbazolc is formed . 


C H 

C(,H5)jNH= I* ‘\NH+H, 

Cc^4 

(Graebe, Annalen, 167, 127) ; and the latter is 
also obtained from thiodiphenylammo and 
copper powder (Goske, Ber 1887, 20, 233). 

Test^ — A solution of diphenylamme m eonc 
sulphuric acid gives a deep mdigo-blue colour 
witli nitric, nitrous or chloric acid (Ber 1912, 
45, 2641 , 1913, 46, 2286 , Chem Zeit 1912, 26, 
1239, Bull Soc Chim 1914, (14), 15, 186. The 
commercial product is a pale-yellow solid, melting 
not much below 54° , it should contain no oil, 
possass no unpleasant odour, nor turn blown on 
exposure to air 

DerivativcH — By jiassing chlorine into a 
solution of diphenylamme m acetic acid, a 
tetrachlorodiphenylamme is foimed 4- chloro- 
2 6 dinitrodiphenylamme has been pnipared 
(Ullmann and Shiiiang, Ber 1911, 44, 3730 
Bromine m alcoholic solution produces a tetra- 
bromodiphenylamme , m acetic acid, a hexa- 
biomo- (lerivative , and at a high tempeiaturc m 
presence of lodme, an octo- and deca-bionio- 
conipound. lliioclodiphenylamme is formed by 
the action of locbno m alcoholic solution m 
presence of mercuric oxide Bromine deiiva- 
tives of nitrodiphenylamme are also known 
(H and P Ryan, Pioc Hoy Irish Acad 1919, 
34, 218) By nitration m acetic acid solution, 
a totianitro- deiivative is formed, whilst direct 
nitration yields a hexamtro- compound, ciystal- 
lismg in yellow prisms, and melting at 238° The 
latter has stiongly acid (‘haracters, and gives an 
ammonium salt which is used as a yellow dye 
known as aurantia {</ v ) Nitiosodiphcnylainine 
IS obtained by acting upon the base with amyl 
nitrite 

Alkyl Derivatives — Methyldiphenylammo is 
obtained by heating together diphenylamme (100 
parts) cone hydrochloric acid (68 parts), and 
methyl- alcohol (24 parts) for 10 houis to 260° m 
an autoclave (Girard, Bull Soc. chim [ii ] 23, 2) 
it 18 a liquid , b p 282° The ethyl deiivative is 
obtained in a similar way , bp 293° The amyl 
derivative boils at 33()°-340° Benzyl ehloiide 
produces a benzyl deiivative which is used m 
the preparation of viiidme and alkali green 

Ammo- Derivatives — 2-Ghloro-5-nitroben- 
zcnesulphonic acid combines with /i-phenylenedi- 
amine to foim 4-nitro-4-aminodiphenylamine 
sulphomc acid gQ jj 

which, on 1 eduction, gives p-chammodiijhenyl- 
amine sulphomc acid (Baeycr tV Co , D R P 
86250, 1894, Faib vorm Meister, Imcius and 
Biunmg, GRP 265197, 1914) Similar 
derivatives aie obtained by the action of 
p-anunophenol, ammophcnol sulphomc acid, and 
p-ammosahcylic acid The sulphomc acid group 
may be removed by heating with dilute acids 
under pressure (Meister, Lucius, and Brunmg, 
G R P 112180,1899) Paraphenylenediammo 
and phenol m presence of copper salts and a 
solution of hypochloiite arc oxidised to /)-ammo- 
p-hydroxydiphenylamme (AktienGesell G R. P 
204696, 1907) Aminohydroxydiphenylamine is 
also obtained by the electrolytic reduction of 
w-nitrodiphenylamme (Piccard and Lassen, J 
Amor Chem »Soc 1918, 40, 1079). Giphenyl- 
amine derivatives prepared by the action 
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primary aromatic bases such as p-phenylene- 
amine, p-aminophenol, and aminosalicylic acid 
L (1.3 4)-dimtrochlorobenzene, (1 3 4 6)-di- 
brodichlorobenzene, and (1 4 3)-nitroohloro- 
nzene sulphonic acid, are used in the prepara- 
)n of sulphide colours, of which the moat im- 
►rtant is dimtroxydiphcnylamine 

CeH3(m).,),NH CeH4(0H) 

•tamed from p-aminophenol and dihitrorhloro- 
nzene, Phenoxydimtrodiphenylamine is ol)- 
ined from 1 3 dichloro 4 6 dinitrobenzono, 
•tasHium phenatc and anihno (Borsche, Bcr 
17, 50, 1339) 

Diphenylaminedicarboxylic acid is obtained 
the action of anthranilic acid on o-chloro- 
nzoic acid in presence of finely divided coppc^r 
-her ammo-acids behave similarly (iVloister, 
icius, and Brumng, i) R P 148179, 1902, 
ir^otti, Cazetta, 1914, 4t, i, 386) 
Ihphenylamino combines with formaldehyde, 
d the product forms an additive compound 
tf^ sodium bisulphite 
^6H6)2N]o + I18()3Na 

= (('6li5)2N C9I, S03Na + (Cyf,),NH 
ad. Aniiin-8od Fab I) R R 158718, 1904) 
r nitro- deiivatives, see Boische and Rant- 
iclf, Annalen, 1911, 379, 152, B Lmke, 
prakt Fhern 1915, ii 91, 202, Eckc*rt ancl 
Biner, IVIonatsh 1914, 35, 1153, Meldola, 
ster and Bnghtman, 'Plans 1917, 111, 546, 
^an and Glover, Pi oc Boy lush Acad 1918, 
,[B] 97, 194, J Soe (diem Ind 1918, 762, A, 
n Hum and v<in Lenno]), Rcc ti<w chim 
19, 38, 358, Hof man ami Dame, J Amei 
em 8oc 1919, 41, 1113 J B C 

DIPHENYLAMINE BLUE V T’hiphenyl- 

ITHANE COLOUHTNO MATTETIS 

DIPHENYLAMINE ORANGE p Azo c oloub- 

> MATTERS 

DIPHENYLBISDIAZONIUM CHLORIDE v 

AZO- COMPOUNDS. 

DIPHENYL BROWN, -CATECHINE, -CHRY- 
lENES, -CITRONINE, -FAST BLACK, -FAST 
ILLOW, -GREEN, -ORANGE, -RED e Azo- 

LOUBINO MATTERS 

DIPHENYL-DIMETHYLOLID 



e dilactone of diliydroxy-diplKUiyl dicaiboxvhc 
d, is the mother substance of a small senes 
colouring matters, of which but one natural 
•resentativ(‘, ellati;ic acid, is as yet known to 
st The methylolid grouping — (3) — () — 
sent m the com])ouncls has a feeblei cliromo- 
mc character than tlu* carbonyl itself, and 
this account the dyeing properties of the 
mbers of this cIrss are inferior as regards 
mgth to those of the benzophenone, flavone, 
I allied dyestuffs That tlio diphenyl linkage 

0 exerts an influence is certain, for gallo- 
nm containing as it docs digalloyl nuclei : 

) H) ,0eH CO— O— ( ^6 H /( O H) CO— ( )— 

!S only with iron and titanium mordants, 

1 again such an effect is cleaily seen by a 
iparison of benzophenone and fluorenone * 



for whereas the former la colourless, tho latter 
possesses a strong yellow tint. 

Though diphenyl-dimethjdolid is at present 
unknown, diphenyl- methylolid : 

needle.s, melting at 92 5'’, has been prepared by 
various methods, and of tli^se that or Richter 
(J pr Cliern [2] 28, 294), who obtained it by 
tho action of phosphoius oxychloride on ethyl 
salicylate 

rv™ 

oEt 

is the simplest 

(^olouimg matters derived from diphenyl- 
methylolid itself do not appeal to exist in 
nature, though ceitam of them can be K'atlily 
prepared by tlie action of alk.ili on diphenyl di- 
methylolid compounds, in which case hydrolysis 
followed by the elimination of a caiboxyl group 
occurs : 



By a more diastic action of the alkali, hydroxy- 
diphenyl derivatives aio produced 


OH C(90H Oil 



Interesting is the fact pointed out by Graebo 
(Bcr 1903, 3f), 214) that by distillation with 
zme-dust diphenyl methylolid yields lluorene • 



in addition to dijihenyl and methyldiidienyl 
Formerly tho production of the fimt-named 
hydrocarbon from ellagic acid proved a stum- 
bling-block m attempts to obtain a clear con- 
ception of its constitution. A. G P 

DIPHENYLENEMETHANE v Fluorenb. 
DIPHENYLHYDRAZINE v Hydrazines. 
DIPHENYLHYDRAZONES Hydrazones 
DIPHENYLKETONE v Benzophenone and 
Ketones 

DIPHENYLMETHANE was first obtained by 
Jena, m 1870 (Annalen, 155, 8b), by tho dry 
distillation of barium diphenylacetate 

COOlJIa 

Aecordmg to Zmeke (Annalen, 159, 374), it 
is produced by the action of finely divided 
copper, non, or zme or their chloiides, on a 
mixture of benzyl chloride and benzene or by 
heating benzoyl benzoic acid with soda-lime 
Friedel and Crafts (Bull Soc chira [ii ] 41, 324) 
ami Schwartz (Ber. 1881, 14, 1526) obtained it 
by the action of benzene on methylene cliloride m 
presence of aluminium clilondo ; E & O. Fischer 
(Annalen, 194, 253), as by-product in tho 
foimation of tnphenyiinethano from chloroform 
and benzene in presence of alumimuir "‘hloridc , 
the Friedel-Grafts reaction applied to aroixxv.cxc 
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alcohols in presence of benzene (Huston and 
Fnedemann, J. Amer Chem Soo. 1916, 38, 25) ; 
and Hirst and Cohen (Chem Soc. Trans 1896, 
67, 826), by the action of the aluminium-mercury 
couple on a mixture of benzyl chloride and 
benzene It is also formed by the reduction of 
benzophenono (Zmcke, Thorncr, Ber. 1877, 10, 
1473 , Htaedel, Annalen, 194, 307 ; Graebe, 
Ber. 1874, 7, 1624), and by the action of phos- 
phorus pontoxido on benzyl ethyl ether (v 
Meyer, J prakt. chefh 1910, ii. 82, 538) But the 
methods which have found a technical application 
in the production of diphenylraethane derivatives, 
as well as of the parent hydrocarbon, are those of 
(1) Me}^ and Wurster, which consists m heating 
a mixture of benzyl alcohol, benzene and cone 
sulphuric acid (Ber 1873, 6, 693), and of (2) 
Baeyer, in which benzene, formaldehyde, or 
methyl al are shaken together in presence of 
cone sulphuric acid (Her 1873 6, 221) 

CH, 04 - 2 CeHe=(^H,(C«H,) 3 -fH ,0 

Pro'pcrltf'i — Biphenylmethane cr 3 ^stallises in 
long, colourless, piismatic needles, possesses a 
fragrant smell, melts at 26°-27‘’, and distils 
without decomposition at 26l°-262° It dis- 
solves casdy in alcohol, ether, and chloroform 

Hexictiov ^ — On oxidation with chromic acid, 
it yields benzophenono On passing the vapour 
through a red-hot tube, it is converted into 
o-diphenylenemethane On heating it with 
sulphur to 250°, it gives tetraphenylethylene, 
and on prolonged chlorination with iodine 
chloride at 350° it breaks up into hexachloro- 
benzene and carbon tetiachlonde (RuotT, Ber 
1876, 9, 1485) 

Nitro- Derivatives — On nitration, diphenyl- 
methane yields two dinitro- derivatives, one of 
which melts at 183", and the second, which is the 
chief product, at 118^ Other dinitro- deriva- 
tives are obtained from nitrobenzyl chloride, 
benzene and aluminium chloride, nitrobenzyl 
alcohol, benzene and sulphuric acid or nitro- 
benzene, formaldehyde and sulphuric acid, in a 
similar manner to the parent hydrocarbon 
Also nitrohj’^droxy- derivatives can be piepaied 
by condensing nitrophcnols and their ethers 
with formaldehyde and cone sulphuric acid 
(B. B.. P. 72490) The prolonged action of 
mine and sulphuric acids gives n.se to a tetra- 
nitro- derivative 

A7m'}w- Derivatives — The only substances 
possessing at the present time an industrial 
value are the ammo- deiivatives of diphenyl- 
methane. They may be obtained by the re- 
duction of the nitro- derivatives by tin and 
hydrochloric acid , but the more common 
method is to etTe«t condensation between the 
aromatic base and formaldehvde, a general 
proceiis for which a number of patents have 
been granted in recent years Thus, by heating 
aniline, aniline hydrochloride and foimaldehyde, 
40 p c , to 100\ 4 4'-diaminodiphenylmethane 
IS produced (B R PP 53937 and 55565) The 
reaction appears to occur in two stages, for on 
heating aniline, formaldehyde, and a strong 
alcoholic solution of potassium hydroxide, the 
following change takers place • — 

CH,0-f20eH,NH2 

=G.n5NH CH^ NH G,H,+H,0 

(and the la*^ter when heated with aniline and its 
nj ^Aiioride passes into the diphenylmethane 


derivative. A tetramethyldiamino- compound 
is obtained in a similar manner from dimethyl- 
aniline and formaldehyde in acid solution 
Similarly, a diphenyldiammo- derivative 
C^H^NH OeH^ CH, 0eH4NH C«Hg 
has been prepared from diphenylamme and 
formaldehyde (B R P. 68072), a tetramethyl- 
diaminodihydroxy- derivative 

(CH3),N(OH)C«H3CH2-OeH3(OH)N(CH3)a 
from dimethyl-wi-ammo phenol (B R PP 63081 
and 67001), and a diethoxydiaminodiphenylme- 
thane NH 2 (C 2 H 50 )C 3 H 3 CH^ 
from o-phenctidine and formaldeiiyde in presence 
of hydrochloric acid (1) R PP 70402, 72490, 
73951, 73946) 

Other methods for obtaining 4 4'-diamino- 
diplienylmetliane are (1) the action of p-ammo- 
benzyl alcohol on anihno hydrochloride in 
aqueous solution (B R P 96762), and (2) 
heating p-aminobenzylaniline with hydrochloric 
acid(r) R P 107718) 

CHo-NHCeH. 

= NH2C«H4 OH 2 C^H.NHa 
The 4 4 diammodiphenylmothano has been 
prepared from p-aminobonzylanilme by heating 
with andme and similar aromatic bases 


NH ,0eH4 (df^NH CeH,-f OeHgNH^ 

=NH3 CeH4 CH, (^eH^ NHa-f CsH^NHa 
(v Brann and Kiubor, Ber 1913, 46, 3952) 

For diaminoditolyimethane see Farb vorm. 
Meister, Lucius and Brunmg, B R. P 252916, 
1913 

All' dichloro 2 2' diammo diphenylmethane 
is described by Biival, Compt rend 1912, 154, 
780, and by Moyer, Ber 1914, 47, 1161, who pre- 
pared it fiom formaldehyde and o-chloi aniline 
A tetrahydroxy- derivative was obtained by 
Ghosh and Watson (('hem. Soc Trans. 1917, 
111, 824; fiom quinol and formaldehyde 

Aryl derivatives of diphenylmethane, pre- 
paicd by the Gngnard reaction, are described 
by Boudioux, Compt rend 1915, 161, 131 

Sulphonic acids of diphenylmethane have 
been obtained by Wedi'kuid and Schenk, Ber 
1911, 44, 198, and Staudmger and Pfennmgcr, 
Ber 1916, 49, 1941. 

Bijihonylmethane mono- *and diearboxylie 
acids have been piepared by Mittcr, Ber 1912, 
45, 1207, by the action of oxalyl chloride m 
presence of aluminium chloride on diphenyl- 
methane J. B C 

DIPHENYLMETHYLAMINE. Methyldi- 
plienylamine v BiphenyI/AMINE. 

DIPHENYLTOLUQUINOXALINE Aztnes. 
DIPICOLINIC ACID v Bone oil. 

DIPLOSAL. The salicybc ester of salicylic 
acid on CgH 4 ('00 CgH 4 COOH, a white cry- 
stalline powder, m p 147° ; almost insohiblo m 
water and dilute acids. Used in the treatment 
of rheumatic diseases {v. Synthetic drugs). 
DIPPEL’S OIL V Bone oil 
DIPROP-ffiSIN. A derivative of urea con- 
taining the residues of 2 mols of propaesm. 
DIPROPYLACETIC ACID v Of toic acids. 
DIPYRIDINE?; Bone oil. 

DIPYRIDYL V Bone oil 
DIRECT BLUE, -BROWN, -GREY, -INDONE 
BLUE, -ORANGE, -ROSE, -YELLOW Azo- 
colouring MATTERS. 

DISALOL. Trade name for phenyl salicyl- 
1 salicylate 
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DISAZO- and TETRAZO- COLOURING 
MATTERS. The terms ‘ disazo ’ and ‘ tetrazo ’ 
are both used to indicate the presence of 
two azo- groups ( N.N ) in the molecule of a 
colouring matter, but at the same time they 
indicate the mode of preparation of such dye- 
stuffs rather than, stnctly speaking, their con- 
stitution. Tetrazo- colouring matters may be 
regarded as a special division of the disazo- 
coTounng matters, as will be seen from the follow- 
ing classification. 

Primary disazo -colouring matters are obtained 
by the action of two molecules of a diazo- com- 
pound (derived either from two molecules of an 
amine or from two different amines) on one mole- 
cule of an amine (6 g m-phenylenediammo, m- 
tolylenediamine), a phenol (c g phenol, resor- 
cinol, a dihydroxynaphthalene) or an ammo- 
phenol (c g ammonaphtholsulphonic acids) 
The position taken up by the diazo- groups may 
be illustrated by the commonest cases {see also 
Azo- COLOURING MATTERS) m-Vlicnylemedia 
mine. . The azo- groups occupy the two positions 
para- with respect to the two ammo- groups 
When one of these para- positions is occupied, 
as m m-tolyleneduiminef the second azo- grou]) 
enters the ortho- position with respect to the 
second ammo- group ; thus • 

N,- 

NHj Nj 

Phenol, a-napJi(hol The para- and ortho- 
positions with respect to the hydioxy- group 
are occupied 

Uej^orcinol Two isomeric disazo- dyestuffs 
may be formed When tlio combination is 
effected m alkali hydroxide solution, the sym- 
metrical compound (I ) is obtained, but when 

N,- 

ho^Noh ho./Noh 

I. JI 

the reaction t akes place in the presence of sodium 
acetate or sodium carbonate, the unsymmetncal 
compound (II ) is produced 

Dihgdroxynaphlhalane Here the azo- groups 
enter the usual position with respect to the 
hydroxy- groups, as would be expected if these 
groups represented two independent iiaplithols 
(c/ Azo- COLOURING MATTERS) 

Aminonaphtholsid'phonic acid^ In this case 
also, the compound may be regarded both as an 
independent naphthylamme and as a naphthol , 
one molecule of the diazo- compound is combined 
in acid solution, when the position taken up by 
the azo- group is the same as if the substance 
were a naphthylamme, and the second molecule 
is combined m alkaline solution as if the sub- 
stance were a naphthol 

Secondary disazo- colouring matters are ob- 
tained by the action of a diazoazo- compound on 
an amine or phenol ; their general formula is 
X'Ng’Y No Z, the essential difference from the 
primary class bemg that Y does not contain 
auxochrome groups (NHg or OH). 

Tetrazo- colouring matters are produced from 
diamines, both ammo- groups of which are 
diazotised {i e. the diamine is tetrazotised) a^ 
combined with two molecules of the same or 


different components (ammes or phenols) 
These are mostly derived from benzidine, toli- 
dine, diamsidme, &c ; some, however, are pre- 
pared from p-phenylenediamme, and in this case 
direct tetrazotisation cannot conveniently be 
effected, but the monoacetyl compound is first 
diazotised and combined, the acetyl- group being 
then eliminated and the free ammo- group is 
diazotised and combined with the second mole- 
cule of a component ^ When the first com- 
bination has been effected with an ammo (in 
practice nearly always a naphthalene deriva- 
tive), and m consequence a diamino- compound 
18 produced on saponification, treatment with 
one molecule of nitrous acid leads to the diazoti- 
sation of the benzenoid ammo- group, that 
attached to the naphthalene ring not bemg 
attacked 

For the sake of completeness, it is necessary 
here to describe those dyestuffs which contain 
three or more azo- groups 

Trisazo- colouring matters are obtained in the 
following ways (1) Combination of three mole- 
cules of a diazo- compound with a phenol This 
method is of only theoretical importance, and 
has hitherto been applied only to the cases of 
phenol (Wallach and Fischer, Ber 1882, 15, 
2814 , Grandmougm and Freimann, ihid 1907, 
40, 2f>fi2, J pr Chern 1908, [ii | 78, 384 ; Heller 
«xnd Notzel, ibid 1907, [u ] 76, 58 ; Heller, ibid 
11 y 189), phloroglucmol (A G Perkin, Chem 
Soc Trans 1897, 71, 1154), and resorcinol 
(Orndorff and Ray, Ber 1907, 40, 3212 ; Amer 
Chem J 1910, 44, 1) (2) Combination of one 

molecule of a diazoazo- and a diazo- compound 
with a phenol, amine, or aminophenol The 
diazoazo- compound may be produced, for 
example, by diazotismg an aminoazo- compound 
such as p-sulphobenzcneazo-a-naphthylamme, or 
the intermediate product, obtameil by com- 
bining a tctia/otised diamine (benzidine, &c ) 
with one molecule only of a component (such as 
salicylic acid, &c ), may be used, or the formation 
of the diazoazo-compound may be left to the 
last stage of the opciation, for example, a 
tctiazotiscd diamine (benzidine) may be com- 
bined with one molecule of an aminonaphthol 
(H acid) in acid solution, a diazo-compound 
(diazobcnzene) now added in alkaline solution 
and the diazodisazo-compound coupled with a 
component (m-i)henyfonediamino or phenol) 
(Eue dirc'ct black GX and Ene direct green DT). 
(3) Combination of a diazotised tetrazo- colouring 
matter (which must, of course, contain a diazo- 
tisable ammo- group) with a phenol or amine, 
either in substance oi on the hbre (4) (Com- 
bination of a triamme (c g magenta), having each 
ammo- group diazotised, with three molecules of 
a component 

Tetrakisazo- colouring matters, containing 
four azo- groups, are obtained (1) by the com- 
bination of two molecules of a diazoazo- com- 
pound with a phenol or amine {e g. Anthracene 
acid brown B, v Azo- colouring matters) , (2) 
by combining two molecules of a diazo- compound 
with one of a tetrazo- colouring matter (c g Benzo 
brown G) ; (3) by combining a tetrazo- com- 
pound "'nth two molecules of a monoazo- 
colourmg matter (e g Hessian brown BBN) ; 

^ An alternative method is first to combine diazotised 
p-nitroaniline with the component, then tc »*pduce the 
nitro- group with sodium sulphide, and diazou..' - 
amino- group thus formed. 
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(4) by tetrazotising a tetrazo- colouring matter 
(containing two diazotisable ammo- groups) and 
combining with two molecules of a component 
{e g Dianil black PR) , (5) by diazotising a tris- 
azo-colounng matter (containing one diazotis- 
al)lc ammo- group) and combining with a phenol 
or amine either m substance or on the fibre 

CJolourmg matters, containing more than four 
azo- groups, can be prepared, but, generally 
speaking, their tinctorial power is little or no 
greater than those described above. J. C. C. 

DISINFECTANTS. A disinfectant is an 
agent that will kill lower organisms which act 
injuriously on the highc^r forms of life Al- 
though most disinfectants are also antiseptics 
and deodorants, a clear diffeience between the 
three classes lies primarily in their uses and 
objects Disinfectants are germicides , anti 
septics may only ret^d or inhibit the' growths 
It IS not essential for a disinfectant to eflec t 
abscjlute sterility m practical dismfeetion, 
there is nearly always a rc'sidue of highly 
resistant and non-jiathogcmie organisms To 
destroy these involves great additional time and 
cost, and may even be disadvanbigeous when 
they act as natural scavengers m removing 
objectionable organic matter and antagonising 
dangerous forms The choice of an agent will 
obviously depend on considerations of safety, 
convenience, and economy m use 

Inorganic Surstancks. 

Ordinary oxygen acts slowly by the aid of 
aerobic organisms Its activity is slightly in- 
creased by compres«Jion ; it becomes exceedingly 
energetic when converted into Ozone. 8mcc 
ozone IS decomposed by heat and absoibed 
by most metals and by otherwise inert organic 
matter, the chief conditions for succf‘ss and 
economy m working are (1) avoidance of 
sparking ; (2) keeping the gas and the appa- 
ratus cool; (3) stiaining tlie air, and also 
partially drying when it is desiied to prevent 
the formation of oxides of nitrogen , (4) paits 
m contact with o/one must bo made of, or 
lined with, unoxidisable materials . (5) the 

grosser organic impurities, as well as sul- 
phuretted hydrogen and feiious non, should be 
removed before disinfection The iwe of ozone 
on the large scale for puiifying water is now 
well known, and tlie principal types of apparatus 
have been described by J)on (Inst Meehan 
l^’ngineers, Jan and Feb. 1009, see also >S 
Hideal, J R 8an Inst 30, 1, 1909, Rideal 
found at St Maur Waterworks, P,iris, that 
with the sand-filtered (Marne) river water, 
containing a fluctuating number of bacteria, 
28-320 per c.c , with a mean fiequency of coh 
orgamsms of 1 per 100 ee (in more than one- 
third of the tests it was 1 in 40 c c ), ozone in 
the proportion of about 0 0 gram per cubic 
metre of water (0 lbs per million gallons) 
destroyed all bacteria exciqit an average of 
] per c c. of innocuous spore- bearing organisms 
of the mibtihs type 1’he ozonised air was 
applied 111 a De Frise tower at the rate of about 
40 p.c of the volume of water treated, and 
contained 1*4-1 8 grams of ozone per cubic 
metre (determined at frequent intervals by 
neutral potassium iodide) An advantage of 
ozone is that m disinfecting it adds no mineral 
water, and it has been fully 
proved that whore water is not too contaminated 


with organic matter, sulphuretted hydrogen, or 
ferrous iron, ozone will destroy all pathogenic 
organisms at a reasonable cost. In the dry 
state, lilce chlorine, it has very little action on 
micro oiganisms, and therefore does not act 
powerfully on bacilli in air. 8 grams per cubic 
metre of air in a room ordinarily closed accom- 
plish disinfection in 3 hours. Its use as an 
adjunct to ventilation has often been proposed, 
but its irritant action on the lungs prohibits its 
use in these quantititcs Jt is most active 
when moLst Ozonised air, under pressure, has 
been used successfully for destroying moulds and 
bacteria in brewers’ foul casks, and has been 
introduced into woit in the latter part of the 
fermentation ‘ to destroy noxious germs ’ (Fng. 
Fat. 22355, 1898) Will and Reyersdoifei 

(Zeit ges Brauw 1912, xxxv 73) showed that 
air containing 0 (i -O 7 giam of o/onc per cubic 
metre destioycd organisms inimicable to the 
blew cry On account of its rapid consumption 
by oxidisable substances, it can onty be effective 
in disinfecting the sin faces of organic solids 
At the Ihttsburg IloiiKcopathic Hospital, 
o/onc, besides puiifying the water supply, is 
used for steiili&ing instiumcnts, bandages, &c , 
and for dic'ssing wounds and ulcers In cold 
storage it would jirobably be useful for destroving 
injurious oiganisms and odoui*s, there bv jiossibly 
lessening the amount of refiigeiation required 
Many attemjits have been made to utilise it foi 
disinfecting, combined with bleaching, textiles, 
feathers, and other surface-contaminated ai tides, 
and have been only limited by cpiestions of 
ex])ensc 

Patent 4153 of 1902, for ‘fixing ozone in 
lujuids,' states that pure acetaldeliyde dissolves 
2823 times its volume of ozone , that 10 p e 
solutions of acetaldeliyde in water dissolve 530, 
in alcohol 748, m ether 859 volumes of ozone ; 
that these solutions are very stable, and have 
been suceessfuUy used in surgery. 

Hydrogen peroxide. The In-st expc'nments 
(Her 15, 1585) showed that this was a bacteii- 
eidc which, in the tlilute state, njipeared ineit to 
enzymes such as diastase,^ ptyalin, pepsin, and 
pancreatm; did not injure foods; and is also 
innocuous and non-eon’osive These properties 
I suggested its use for killing pathogenic organisms, 
ancl those that cause change in articles of diet, 
especially milk (Renard), and also as an internal 
disinfectant. Altehocfer (tJentr Rakt 1890, 
viii 129) and most later observers give 1 per 
100 of as required to destioy p«ithogenie 

organisms m 24 hours In 1903 8 Rideal 
found that in milk raised to 50°, then treated 
with 0 G giam of litre, and the heat 

maintained at 52°-55'' for 8 hours, pathogenic 
organisms and even the spoies of B anlhracis 
and subttlis were kilh'd, the milk was not 
physically alteit'd, and kept for over a month 
unchanged in the closed receptacles (Budde’s 
patent 10903, 1903) Similar lesiilts have been 
obtained by Lewin and others, by Hewlett 
(Lancet, Jan 27, 190G), and Reiehel (Zeit f 
Hyg 1908, 1x1 49) 8o that hydrogen peroxide 
aids pasteuiisation, and enables it to be efficient 
at a lower temperature. The solution is 

^ The enzyme catalase (present in malt, yeast, milk, 
and many organic liquids) " and hydrogen peroxide 
mutually decompose one another (Van Laer, J Soc. 
Cpm Ind 1906,489, 1909,950), but the above state- 
mint remains practically true. {See also ibid 1909, 
1267 .) 
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frequently used as a spray, gargle, or dressing, 
and has had a wide application for war service 
m dealing with gas gangrene infected wounds 
{see reports by Oapt M Page, R.A M S., Lancet, 
Sept 1914 , (bl Makms, ibid. August, 1914) 
Peroxide of hydrogen is present in ‘ Sanitas * 
(7 V ) ‘ Perhydrol” is a 30 p c or 100 volume 

solution of H2O2 The use of peroxide of 
hydrogen in medicine depends partly on its 
bactericidal action Registered names of solu- 
tions are ‘ Dioxogen ’ (3 pc), ‘ hydrozonc,’ 
‘ (llycozono ’ and ‘ Pyrozone ’ (dental practice) , 
and ‘ Peroxols ’ are mixtures of HgOg with 
various disinfectants Peroxides of sodium, 
magnesium (‘ Hopogan ’), zinc (‘ Ektogan ’ or 
‘ Derinogen ’) and mercury, generate oxygen or 
H2O2, and have analogous use Hydrogen per- 
oxide IS more stable in ether than in water , 

‘ ozonic ether ’ is an ethereal solution containing 
about 1 2 p c of HjO,, which has been used m 
whooping-cough and scarlet f(‘ver ‘ Perhydiit ’ 
or ‘ Hyperol ’ dressings, containing H2O2, urea, 
and a trace of citric acid, have recently been 
introduced 

Poregger and Pliilijip (J Soc Chem Ind 
1905, 298) treat at hmgth on the applications of 
peroxides, and suggest calcium peroxide (‘ Bi- 
ealzit ’) instead of H2D2 for sterilising milk, 
as more lasting in efTeet For water steiilising, 
tablets of magnesium peroxide and citiic aciil 
are made ; Park found th.it 0 1 gram of this 
peroxide killed upwards of 2 million typhoid 
organisms m 150 cc of watci 111 30 minutes, 
and 0 2 giam gave the same result in I minute 
Although Croner (Zeit f Hyg 1908, Iviii 487) 
obtained stciility in water with the use of 
0 7-1 0 gram MgOa per litre, inoie recent 
invcstigations by Young and Sherwood (J Ind 
Eng Chem 1911, 3, 495) have indicated that 
over five tirnc'S this quantity must be used to 
ensure sterility Patents for similar uses of 
H2O2 and other peroxides are veiy numerous. 

Nitric acid and oxides of nitrogen. Tlie 
corrosive action of nitiic acid limits its value as 
an active disinfectant .1 (J Smith used it 
with sueccxss in 1780 for fumigation in a violent 
outbreak of lyplins fever in the British beet 
(Vallm, Disinfectants, 1882, 205) Disinfection 
of rooms by nitrogen peroxide was earned out 
during the siege of Pans , 48 lioiiis weic occupied, 
and the cost was very high Severe bronchitis 
and several deaths from poisoning have resulted 
from breathing this gas, and nitric disinfection 
has been replaced by safer methods, except in the 
local dostructiun of bactiuia as in laboratories 

Sulphur. Dusting with sulphur is used for 
killing insects and fungi on plants, as sulphurous 
acid is gradually formed 'Fhe use of sulphur 
internally is due to its forming sulphuretted 
hydrogen in the system, and thereby destroying 
or enfeebling micro-organisms and higher 
parasites. A solution containing calcium jioly- 
sulphides, made by boiling milk of lime with 
sulphur, has been extensively used as an in- 
secticide (see Agric. Bull. 319 and 320, Ney 
York, 1909) 

Sulphur dioxide disinfection is still a subject 
of controversy, but certain of the unfavourable 
results adduced have been duo to faulty applica- 
tion. Spores are not generally killed Dy it, and 
the dry gas has very little effect on micro- 
organisms, but it destroys all vermin, and there- 
fore 18 of special value in combating insect- borne | 


diseases As to its effect on the lungs, about 
5 p c in the air has produced fatal results, but 

4 p c. can be tolerated for some time, and a 
larger amount with the protection of a wet 
towel alkalised with washing soda 1 lb. of 
sulphur burnt in a room of 1000 cubic feet pro- 
duces theoretically an air-content of 1 15 pc 
SO>, and requires 0 56 lb. of water to turn it into 
sulphurous acid Such an amount of moistening 
is, however, not necessary, on account of the 
natural moisture of the air. Prescriptions as to 
the proper quantity of SO> have varied greatly, 
jiartly because in some cases it has been con- 
sidered sufficient to destroy only a special 
organism Klein, Houston, and Cl ordon (Report, 
Med Off L C C 1902) found that with 3| lbs. 

5 per 1000 cubic feet m 24 houi*tf, B ii/pho.siLs, 
diphtherice, pyocyancus, and Staph p aureuft 
were killed, but not anthrax spores nor B 
luhcrculomfi in dried sputum In America, 5 lbs 

or 1000 cub feet have boon found sulbcumt to 

ill all spore-bearing organisms after 16 hours’ 
exp^^surc (Rosenau) »S R ideal’s results with the 
li([uelicd gas were as follows Silk threads and 
papei slips inf(‘ftcd with B coli and Staph p 
aureus were sterilised after 24 hours’ exposure m 
a sealed loom of 1500 cub feet, into which 20 ozs 
of SOi were passed Suhtths spores were not 
killed With 10 o/s , the thieads were again 
stenliscvl, but the paper slijxs were not When 
shallow pans of water were exposed m the room 
to supply moisture, the SDj content of the air 
was actually lou'crcd after the 24 liours (through 
absorption by the water), from 0 5 pc piescnt 
in the previous experiment to 0 2 ]> c , and the 
organisms were still living Therefore moisture 
should only be supplied by washing or lightly 
spraying the surfaces In chemical disinfection, 
it IS generally recommended that walls should 
be previously stripped and fabrics spread out on 
lines , but spreading the infection must be care- 
fully avoided ’riio room must be scaled by 
obvious means, and, observing this condition, 
heating is advantageous Liquid SO2 m 
canistois IS more convenient than burning 
sulphur, and avoids risk of lire one pound of 
the liquid = 5^ cub feet of the gas 8O2 has 
the disadvantage that it attacks metals and 
organic substances from the production of sul- 
phuric acid ; a good deal is also absorbed by 
plaster It has little penetrating power, and 
theiefore bedding and thick ai tides must bo 
removed and sterilised by heat The ‘Clavton 
method ’ of disinfection is much used for the 
holds of ships, and has been favourably reported 
on by Wade and Eyre for the Local Government 
Board (Rep 232, 1900 , and Med Off Rep 
1903-4, 330). Sulphur is burnt in a special 
apparatus, and the gases, consisting of air, 
SO,, and a visible cloud of sulphuric acid, are 
forced in till the SO, reaches about 10 p c of 
the air in the infected space (For experience 
of its use, see Rev d’Hyg Oct 1002 , N S W. 
Agric Gaz 1900 and 1901) 

Sulphurous acid is used beneficially as a 
germicidal spray or wash m various parasitic 
affections (c 7. diphtheria), also internally in 
cholera and gastric fermentation, for rectal 
injections, and other allied objects ‘ O’hiocamf ’ 
u a liquid obtamod by the action of the gas on 
camphor It can be preserved without pressure 
m well-closed vessels, and on exposure tv ^1. a 
6-oz bottle should evolve about 20 litres of SO 2- 
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Sulphurous acid and bisulphites are widely 
used for checking fermentations and preservmg 
food. Lehmann states that an amount equiva- 
lent to 0 004 p.c of SO 2 may bo allowed without 
injury to health The Report of the British 
Departmental Committee on Preservatives, 
1901, 26, leavas the matter open. Some 
commercial preparations are ‘ Meat preserve 
crystals,’ ‘ Froe/e-em,’ and ‘ Hawke s anti- 
fermont ’ For objections to the use of sulphites 
in food, sec Thresh and Porter, Preservatives, 
1906, 70-77 , also an article by Durham m the 
J of Hygiene, April, 1J109 'I’ho latter recom- 
mends the hxing of a maximum legal limit, not 
cxceedmg 0 01 pc of ‘ total sulphur dioxide,’ 
with a declaration of the amount, but less than 
0 001 or 0 002 p c might bo simply declared as 
a ‘ trace ’ 

Sulphuric acid, like acids generally, is anti- 
septic, and in some cases disinfectant 0 05 p c 
(which is a palatable strength) is f<ital to ^p. 
choleroB in 15 minutes Mtutzer toimd that this 
strength disinfected iron pipes, cleaning ouk#ubt 
and sediment without sensibly attacking the 
metal With 0 04 pc IvanholT destroyed 
cholera organisms in Berlin sewage, and with 
0 08 p e in that from Potsdam in the laboia- 
tory it was found that 0 035 p c kills B typhobUb 
m 30 minutes, and 0 07 pc in 15 minutes, m 
impure water infected ordinarily with typhoid, 
but with very lieavy infections the latter strength 
requires 45 minutes Ho recommended 0 09 p c. 
as having advantages over heat sterilisation for 
dealing with tho drainage from hospitals and 
other infected areas . the acidity would speedily 
bo neutralised on mixing with the bulk of the 
sewage (But Assoc 1901) 

Sodium bisulphate has been introduced by 
one of the wntem and Dr Parkes, as a means 
of sterilising drinking water for armies in the 
licld and travellers 15 grains of NaH804 to 
a pint of wnt(‘r in 15 minutes destroys B 
iyphosm and cntentidi^if FipinUum cholcrw^ and 
internal parasitic worms In effcivesccnt tab- 
loids, yielding a slightly acid solution, it was 
used with success in the South African, Russo- 
Japanese, and tho European wars 

Persulphates give off ox3^gen when moist, and 
are useful as hand disinfectants (Lancet, 1905, 
11 1106) 

Carbon disulphide, if it were not for its other 
properties, would bo a valuable disinfectant and 
preservative. As well as its alkaline compounds, 
the xanthates, it has been found useful against 
fungi, and insect parasites such as the vino 



Boric acid is not a disinfectant, but has a 
power of restraining bacteria which act in- 
juriously m foods Ridcal and Foulerton found 
that I in 2000 of a bone mixture, containing 
3 parts of H3BO3 and 1 part of crystallised 
borax, keeps milk sweet for 24 hours without 
appreciable effect on digestion The British 
Departmental (yommitteo already referred to, 
recommend that the only preservatives allowed 
to be used in cream, butter, and margarine bo 
boric acid, or mixtures of boric acid ana borax, 
not exceeding 0 25 p c of H3BO3 for cream, and 
0 5 p c for butter and margarmo Later, as th^s 
quantity anpeared insufficient in tho cream 
1;. 'de othcial report by Hamill advised that 
0 4 p.c H3BO3 should be allowed m cream from 


May to October inclusive (Food Report 10, 
L G.B 1909) Soluble borates are used as a 
larvicide in manure heaps. It has no action on 
the crops as they are rendered insoluble (Cook 
and Wilson, J Agric. Research, 1917, 10, 591). 

The Halogens, chlorine, bromine, and iodine, 
act as dismfectants in several ways : (1) they 
can combine with H^ and liberate Ojj m water ; 
(2) they can combine directly with organic 
matters, or replace the hydrogen in them, 
precipitating albuminous substances and render- 
ing them imputresciblo, killing organisms by 
combining with and coagulating protoplasm, re- 
moving their food or rendering it unsuitable, 
acting toward them as irritants or direct poisons, 
also producing substances which have that 
effect 

Chlorine and the hypochlorites, like other 
oxidisors, are consumed by otherwise inert 
orgailio and inorganic matters present, but in 
ordinary disinfection leave behind them as 
substitution compounds which maintain germi- 
cidal powei — the (hloiamines, hydia/me, and 
the chloroproteids (Rideal, .J R San Jnst 31, 2, 
1910) This paper shows that in dilute solution 
of hypochlorites tho Rideal-Walker coefficient 
of 2 18 for 1 p c of available Cl is increased to 
0 3() by the addition of an equivalent of am- 
monia, remains near this level for 24 hours, and 
even after 72 hours has an enhanced value 
Therefore, since the coefficient of chlorine itself 
averages 220 units, that of ammonia less than 
0 7, and ammonium chloride ml, that of the chief 
product, chloramine NH^Cl, must be over 600 
units , hence this substance, but for its insta- 
bility, would probably be tho most valuable of 
disinfectants. It has a pungent odour, hitherto 
often mistaken for chlorine or hypochlorous acid, 
and gives the blue reaction with KI and starch 
With excess of ammonia, as in sewages, it 
gradually disappears, forming a salt of hydrazine, 
which still has a germicidal value (R W. 
coefficient of the base at least 24). The action 
of chlorine on nitrogenous compounds gives 
compound chloramines, many of which are 
insoluble , they have a tendency to become 
fixed on cellulose, and in this way attack tho 
envelopes of organisms. 1 

Various substituted chloramines have been 
introduced by II D Dakin for use as sterilisers 
and disinfectants Amongst the more important 
may be mentioned chloramine-T, p-tolueno 
sodium sulphochloramide, p-sulphodichlorammo- 
benzoic acid, and dichloramine T (B M S Aug. 
1917) The former, under the title Halozeno, 
h.xs been used for water sterilisation on a small 
scale. 

The addition of ammonia solutions to bleach- 
ing powder solutions preparatory to the steriRsa- 
tion of water has effected a considerable economy 
in the quantity of materials used in the public 
water supply at Toronto, Canada. 

Tho chloramine is about five times as strong 
as the corresponding molecular concentrations 
of sodium hypochlorite 

* Tho bromamines of the benzene series, tho 
naphthaline chloramines and the protein chlor- 
amines, are all strong germicides, but suffer 
from lack of stability in solution. 

Chloride oj lime, or ‘ calx chlorinata ’ (about 
33 p c. available chlonno), has some advantages 

‘ Also see Cross Bevan anil Bacon, Chem. Soc. 
Trans 1910, 244. 



DISINFECTANTS. 


541 


from bomg a solid, but is quickly deliquesced 
and decomposed by air, takes some time to 
dissolve, and gives a quantity of insoluble waste 
Klein found that I p c of bleaching powder only 
killed less resistant orgamsms in 24 hours 
There is, in many respects, a preference for the 
sodium solutions . chlorinated soda or ‘ Eau do 
Labarraque ’ (often called ‘ Eau de Javel,’ 
winch was origmallv the potash salt), contains 
about 2 6 p c av Cl , ‘ (-hloros,’ 10 p c av. Cl , 

‘ Antiformm ’ is a solution of caustic soda and 
hypochloiito used in breweries. Electrolytic 
preparations are ‘ Oxychloride,’ up to 11 5 p c 
av Cl, and ‘ Herrnito fluid,’ used successfully at 
Poplar In the latter solution magnesia is em- 
ployed as an adjunct in the electrolysis it 
contains free hypochlorous acid av Cl 4 2 to 
4 8 p c The elective strength for local dis- 
infection IS 0 35 p.o av Cl, which kills non- 
aatring orgamsms in 5 to 10 minutes, and 
anthrax and enteritidis spores in 1^ hours 
Chloride of lime has the objection that it 
leaves the surface for a long time damp from 
the presence of calcium chloride f’he same 
salt impaits its bitter tjuste, and increase* the 
hardness, when chloride of lime is applied to 
the j[)uril I cation of drinking water, while the 
soda preparations tend to soften the water and 
are not sensible m the flavour In trials at 
(Guildford in 1904 (J. P San Inst xxvi 891) 
with electrolytic hyfiochloritc in the proportion 
of 0 75 to 10 part per million of av Cl, one of 
the writers found that water containing an 
average of 90 organisms poi c c was practically 
sterilised, while after standing 1 ^ hours the odour 
and taste were normal, and there was no m'ed 
for further treatment Candy’s patent, 4212, 
1909, removes excess of av (d by hitiation 
through coke, Thiesh’s, 3023, 1909, by tieat- 
ment with metallic iron Other methods of 
removal are suggested . ( 1 ) by the addition of 
ferrous salts, suosequently removmg the feme 
salt formed by a ‘ Pcrmutit ’ filter , (2) by the 
addition of gaseous sulphur dioxide , (3) by 

the addition of sochum bisulphite Aftei the 
Maidstone typhoid epidemic, 1897, the infected 
reservoir, mams, and pipe*, weie steiilised with 
I p c solution of chloride of lime during 48 
hours • no corrosion of the non was obseivod 
During a similar outbreak at Lincoln, m 1905, 
the watei supply was sterilised by sodium 
hypochlorite (av. Cl, 1 pei million) with most 
satisfactory results In 1910 Toronto ticatcd 
its water supply with 0 14 part pei million of 
av Cl as chloride of lime Since June, 1909, 
the writers have been applying ‘ Chloros ’ in 
the proportion of I to 2 parts av Cl per million 
to 100,000 gallons daily of the diunking water of 
a town m the north of England : the liquid is 
made practically sterile, coli is absent from 
75 to 85 c c , and there is no effect on the taste 
At Cambridge, in 1910, a portion of the supply 
(lower chalk) was tieatcd with one in 4 to 8 
millions of av Cl as chloride of lime, and 
Houston found that this minute quantity 
destroyed 66 to 98 p c of the bacteria, and ce/i, 
whieh was always present before, was after- 
wards absent m 500 c c. This water, however, 
contained hardly any orgamc matter. In 
America, treatment of the entire water supply 
of Jersey City (abouv 40 million gallons per 
day, from the Rockaway nver) with chloride of 
lime, has been adopted since the beginning of 


1909 : the proportion used is now 0 2 part per 
milhon of av Cl, and the daily examination 
shows that coli is absent fiom 10 c c of the 
treated water In England, the ‘ l)e-Chlor ’ 
system was ajiplied at Reading to the pre- 
filteied river water in 1910 Since tlie war 
chlorine treatment has been adopted foi the 
London supply ( 11 th Annual Rejiort, M W B.) 

Recently an impulse has bc(*n given to the 
sterilisation of water by means of gaseous 
ehloiine injected by means of suitable dosing 
apparatus, owing to the convenience of handling 
and traiispoi ting chloiine m the lic^uid state 
contained m steel eylmdeis of 100 lbs capacity. 
Injection into the watci may be diicct thiough 
a diffuser, as in the Wallace and Tiemaii 
apparatus, oi indirect tlirough the addition of 
a minor volume of more concentiated chlonnc 
water to the bulk volume, as m the Electro- 
bleach and Latteison jilants NH 3 docs not 
seem to enhance the geimicidal value 111 the 
absence of alkaline bases 

With sewage, of coinse, a huger close is le- 
quired, and tlie hrst expi umeiits at Nice, Biest, 
and Woi tiling, in 1894, with the Heimite fluid, 
showed that, as with o/oni' and other disin- 
fectants, the agent should be ajiplied, not to a 
raw liipiid (exci‘pt in special cases), but as a 
‘ hmsliei ’ to one that was j)aitiallv puiihed In 
1898, using an eleitiolytic biine (Woolf’s ‘ Elec- 
trozone ’) for j)uiif>ing an (diluent at Maiden- 
head, one of the wiiters found that with tlneo 
paits ])er million of av Cl, and a contact of 
5 minutes, the bacteiia weri' reduced to 10 per 
50 ( ( , and that 17 ])ait.s jiei million killed all 
the oigamsms in 15 minutes Hls long seiics of 
trials at Cnildford comnumced in 1904, using 
‘ Ox\ chloride,’ and provt'd that with 2 5 paHs 
per million of av (! 1 , teitiaiy oftliientH could bo 
practieally steiilised, but that the law sewage 
and septu effluents required 30 to 70 paits , the 
contact penod was 4J hours (J R San Inst. 
XXVI 7, 1905) The ox\gc‘n consumed from 
permanganate in 5 minutes in the cold, as 
measiiiing the ILS and other easily oxidisable 
substances, was a guide to the amount of the 
agent used, and m the earliei ex])ejiments it was 
funnel that when the .iv Cl added was 1 7 times 
this figure, the availability of the cldoiine Wtis 
sufficiently prolonged to ensuic the desired 
steiilising effect, and the 8 ubscc(ucnt expel i- 
ments frccjuently yielded excellent results with 
an amount cquixl to this oxjgen figure, that is, 
one to one {Sec fuithei, Rideal, Tians Eaiad. 
Soe IV 3, 1909 ) An important point shown 
was that tlie neeessai y factor of safety could be 
ascertained by simply testing with KI and 
starch, and noticing the persistence after 4J 
hours of the blue coloui, due in this case, as has 
been mentioned, not to chlonnc, but to chlor- 
amines Schumacher (1905), at Hamburg, 
found that with raw sewage sufficient steribsa- 
tion IS attained if after 4 or (> hours the test 
shows a reaction equal to 19 and 17 paits per 
million of av Cl respectively Investigations 
on sewage hlter effluents with chloride of lime 
were continued in America by Phelps and 
Carpenter (U.S. Technological Quarterly, Dec. 
1906), who remark that the use of electrolytic 
chlorine manufactured on the spot would, in the 
la ger works, considerably reduce the cost, and 
IS cheaper than sand filtration. Eellerman, 
Pratt, and Kimberley (U.S. Dept, of Agric. 
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Bull 115, Oct 1907) conclude that with a 
hypochlorite, disinfection costs less than with 
copper sulphate. Later American experiments 
at several centres have proved that 2 to 5 
parts per million of av Cl destroy 95 to 98 p c 
of the bacteiia in 2 houi*s, and that 3 parts are 
suflicient for the tiichlmg filter effluents tried 
(Mass Inst Technol 5, 1909 ; 0, 1910). 

The Royal (commission on Sewage obtained 
results at Guildlord which weic m agiecmcnt 
with those of the water (Appendix iv 1910, 87 , 
also ihid. 84-171, and Rep 1908, 195-201) 

Sod. hypochlorite solutions aic the best means 
of sterilising swimming baths , they remove from 
the surfaces growths of algtC and fungi which 
harbour dangeious organisms {Aho .see Rideal 
and Orchard, J San Inst 550, 1900 ) 

‘ Fcrrochloro ’ (Duyck) is the name of a 
treatment with 8 paits per niilli<ni of ferric 
chloride and 0 5 pait of chloride of lime, which 
at the same tune clarifies water and libeiates 
hypochlorous acid ^ 

UypocMorom acid has berm employed as an 
antiseptic for wounds by Dakin, Daufresne, 
and Lorraine Smith, and is also known as 
‘ Eujrud ’ and ‘ Eusol ’ In these solutions 
hypocliloious acid is obtained by double th'coni- 
position of bleaching ])owder with sodium 
carbonate, with the addition of bone add or 
sodium bicarbonate 'I’lio piesence of sodium 
borate or sodium caibonate in the icsulting 
solutions when freed fiom the piecipitatcd 
calcium carbonate ensures the stability of the 
solution owing to the ‘ buftcr ’ action of the 
easily hydrolysable salt 

ChJorme pcrojcidOy obtained horn potassium 
chlorate and snlphuiic add, has been success- 
fully employed in the Howatson-Berg6 process 
at Biussels, Ostend,and Lectouie (South France), 
foi steiilising (previously claiified) polluted 
watera. The water found that 20 parts of 
CIO, per million did not kill Ji lypho’>ns in a 
vigoious puie culture in 2 houis, but that 50 
paits killed it in half an hour, (i^ee also 
Reychler, Bull ISoc chiin [3] xxv 13 , Chem 
News, 1901, 310 ) 

On a large scale, chlorine and ozon(‘ aie both 
in successful use at piescnt foi sterilising watei 
The latter seems [ircfcrablo foi drinking sujiplics, 
the former is suitable foi effluents ibom 
cjiucstions of efflcicncy as well as cost, both 
io((uiro that the liquid should bo jireviously 
clarihed, and «is free fiom organic matter as 
possible, that is, they iiiv Jin ushers 

Time as in all disinfections, is an important 
factor , in an efToit to get the work done 
quickly, it is sometimes foigotton that a longei 
time IS advantageous, and economises the re- 
agent For rajnd sterilisation of a small 
quantity, as in the held, a larger proportion oi 
reagent is required, and from questions of 
portability, bi online and iodine have been used 
instead of chlorine, but are attended by lesidual 
products having a taste and physiological effect 
These, in the quantity req lined for dealing with 
the moderate pollution orclinaiily met with, have 
been proved to bo negligible, although, with 
heavier eontamination, the amount of the 
halogen consumed by the organic matter before 
a sterilising excess is present, may become in- 

^ For an account of trials at Marseilles of ozoae, 
chlorine, and ultra-violet rays, set Engineering, Jan. 27th 
ancll'eb. 3rtl, 1911. 


junous in its products. Cash showed that the 
quantities of chlorine, bromine, and iodine 
required for disinfection of anthrax and tubercle 
wc^T) nearly in the ratio of their atomic 
weights 

Broniine is a powerful disinfectant, but its 
use IS obviously limited by its danger In 1897 
Altmann patented a solution of Br in KBr for 
sterilising water, using 40 paits per million of 
Br with 5 minutes’ contact, and lernovmg excess 
by ammonia 3’he solution is, however, bulky, 
and the use of a potassium salt has disadvan- 
tages. Braithwaite introduced ‘ Biomidine,’ a 
dry mixtuie of sodium or potassium biomido 
and bromate with sodium bLsuIjihate, which 
with moistuie liberates biomine 8ciiumbeig 
iccommended free biomme in thin sealed tubes 
for the same purpose (Zeitsch f Hyg 1900, 53) 
in the pi o portion of (lO parts per millKin with 
5 minutes’ contact, lemoving excess by tliio- 
sulphate ( Hiaithwaite advised 57 paits) Schoder 
{ihid xwvii 30(>) and others have stated that 
tins tieatment is insufficient to steiilisc, and 
the presence of icsidual bromides is against the 
])iocess {see also Raikcs and Ridcal, Trans. 
Epidem 18oc. xx 1901 , Fniser, Rubl Health, 
Sept 1902) It was tiled iii the Soudan cam- 
paign of 1898 20 parts per million of Br 

sterilises typhosus (in water) in less than half 
an lioui J t IS moie i apidly absoi bed by organic 
matter than iodine 

lodirif owes many of its uses to its germicidal 
action, lus in parasitii* diseases Grossich, in 
1908 (Centi f Chiriiig No 4), adopted the 
tinctuK' as a cutaneous disinfec tant before opera- 
tions, the suiface Ixmig pieviously cleansed by 
a I pc solution of iodine in benzene (Bogden, 
ibid Jan 15, 1910) Instead of the tmcluie, 
Chassevant (Ijancet, Maich 20, 1910) suggests 
the solution in chlorofoim, cus it does not, like 
the former, cause desquamation , its use is 
specially ailvLsed prior to liypodmmic injections 
(.sec rt/.so Blit Med J Feb b, 1909, and Aug 14, 
1910, Lancet, Apiil 16, 1910) Solutions of iodine 
and iodine trichloride, both as held dicsaings, and 
enclosed in f liable glass compounds as emergency 
hi'st-aid stenlisei's, have been extensively em- 
ployed during the war {see B M. S Jan 2, 1915 , 
Lancet, Dec 12, 1914) Duimg the Sikkim 
and 'J’hibet expedition, iodine (m some cases 
as tim ture) followed by sodium sulphite, was 
successfully employed for sterilising drinking 
water, and Nesheld lecommeiids tuple t.iblcts of 
(A) iodide and lodate, (B) citric or tartaric acid, 
followed alter 2 minutes’ contact by (C) 
sodium sulphite, and states that used in this way 
3 8 to 5 parts per million of free iodine sterilises 
the organisms ot typhoid, cholera, and dysentery. 
One of the waters, in 1905, confirmed this 
lesult as regards distilled water infected with 
20,000 per c c. of B typlwsusy the A and B 
tablets used gave 4 75 parts of iodine per 
million 

Iodine trichloride was introduced by Von 
Langenbach for sterilising the hands and instru- 
ments and for other surgu-al uses 50 parts 
per million are required to kill typhoid (m water) 
in 30 minutes Iodine cyanide is said, by 
Kobert, to be universally destructive to lower 
forms of life, and is suggested for preserving 
biological specimens. 

Organic svl^stitution compounds of chlorine, 
bromine, and iodine, as a class, mhibit organisms, 
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and may sometimes kdl them. The germi- 
cidal power of a large number of these has been 
determined by Beclibold (Zeitsoh Hyg. Infect 
1909, Ixiv 113) , he finds that a Br atom gives 
a greater power than a sulphonic group Chloro- 
form IS otten used to preserve peiishablo speci- 
mens and infusions Fan el and Howies (J 
Soc Dyers, 1908, 24, 109) state that (^(Jl 4 
kills ty[)hoid, and that pure CHClg does not kill 
it, whilst 0 02 p c aqueous CHClj kills it m less 
than 30 minutes 

Iodoform was formerly mucli employed in 
surgery, and a huge numbei of other iodine 
compounds have been introduced into medical 
and suigical practice. Many of them aio non- 
irritant, but their bacteiieidal power is nuuli 
inferior to that of dilute solutions of the element 
Fumigation of sick rooms with iodine, some- 
times in conjunction with other disinfectants, 
by burning prepait‘d candles or lamps, has been 
tried, but apart from the fact that the method 
IS unsatisfactory, no chamber can be disin- 
fected while occupied. 

The organic lodo- compounds owe most, if 
not all, their germicidal powei to the giadual 
liberation of iodine by the alkaline wound 
secretions lodofoini itself gives rise to symp- 
toms of poisoning owing to the too lapid evolu- 
tion of iodine Amongst tlie moie iiiqioitant 
organic iodine deiivativcs m.iy bo mentioned 
hoxamcthyleneteti ammo com pounds, chiysoform, 
lodoformm, phenol, and homologous compounds, 
aiistol, lodothyrnolofoim, euiophcn, tiaumatol, 
isophon, lodoanisol, lodocol, iodised albumen, 
tannin, gelatine, casein, gluten pcjitone lei ithin, 
and vaiious iodised oils have been jirotccted 
undin fancy names 

Fluorides, like bone acid, check bacteiia, but 
do not kill them As food presei vativcs, they 
are only moderately cffiiient, and are not 
innocent phvsiologically, as they hinder pan- 
creatic digestion Sodium silicofiuondo (‘salu- 
fei ’) and borofluorido (‘pyricit’) have bemi 
tried Flfront introduced the use of hydio- 
fluonc acid and its acid salts foi cheeking in- 
jurious fermentation, and J Brand (Zeitsi h f 
Brauw 1904, xxvii 115) states that 0 5 to 1 p c 
solution of acid ammonium fiuoiide is largely 
used for disinh'cting i libber hose in breweries 
[see also Hehner, Analyst, 1902, 173 , Bichinond, 
Dep Ooinm on Pieseivatives, appendix xxxii , 
4’hre.sh and Poiter, Preservatives, 1900, 87) 
Hydiofluosilicie a( i(l is the active constituent of 
‘ Montanm ’ (obtained from by-products in the 
pottery mdustiics), and ‘ Keramyl ’ (about 25 
c HjSiFJ (J Soe Ohein Tnd 1904, 34 , 
1909, 90 1) Fiank (VV^asser u. Alwassei) recom- 
mended the use of aluminium silicofluonde foi 
watei sterilisation. They are stated to have no 
inj'unous action on health (Public Health, 
Oct 1908) 

Carbonic acid seems to have a certain 
amount of disinfectant action, since ‘ aerated ’ 
beverages have been shown to be m many cases 
stoiilised, and (X)^ under pressure pieserves 
food(cr J Soc Chcni Ind 1907, 1290) 

Cyanogen and hydrocyanic acid are more 
destructive to msects than to lower organisms 
Fumigation of fruit trees with H("N is ex- 
tensively practised in America, and is con- 
sidered better than spraying For greenhouses, 
zinc capsules contaimng sodium cyanide are 
made ; they are placed m dilute sulphuric acid, 


and while the zinc dissolves the operator has 
time to retire. 

Acids. An acid medium is unfavourable to 
the growth of most bacteria, and acids generally 
possess considei*able disinfectant power Kita- 
sato found that the giowth of B typho^sus m 
nutrient bioth or gelatine was cntiiely pre- 
vented by the following peieentagcs of dilTeient 
acids . 0 08 II ,804 ; 0 2 HC'l or IINO.^ ; 0 28 
80^ , 0 3 to 0 4 phosphoiie, acetic, carbolic, 
formic, oxalic, oi lactic, 0 47() taitarie, citric, 
and malic , 1 fib tannic , and 2 7 bone One 
of the wiitcrs has shown tliat in infected wateis, 
0 035 p c of H ,804 tyjihosuH in 30 minutes, 
that in terms of acidity nitro-hydiochloiic was 
slightly moio active, and that with taitanc 
and citiic at least thiec times the amount of 
acidity Wcus requned (FjademiologK al 8ociety, 
Jan 1901) But like other disinfectants, the 
activity of dilute acid solutions is eonsideiably 
modified by the presence of added matters , 
foi instance, in 1 pc peptone bioth, Bp. cholera 
IS killed by 0 01 pc hydioehloiic acid m half an 
houi, but m 2 pc peptone broth, 0 04 pc 
1101 13 leq lined 

Paul, Kronig, and 8awey (Phaim J 1900) 
conclude that the geimuidal activity of acids 
generally, depends upon the degiee of ionisation 
in solution, exceptions biung HF, UNO, and 
tiichloi acetic, which excicise sjiecilic toxic 
influences In noimal solutions, the thic'c lattei 
killed anthrax sjioic's exposi'd on garnets in 
24 houi-s, while 1F8()4, HOI, HBi and HOlOg 
weie less active*. Woikmg with moic* dilute 
acid solutions, Winslow and Lochiidge (Mass 
Inst Tech I90()) have compaied the effect on 
B coU and lifp/iosus in taj) water and in a 1 j) c 
peptone watci With upwaids of 10,()00 
oiganisms pei c ( , sterilisation was obtained 
by the following pi'icentages of each acid aftei 
40 minutes’ contact — 

JJ typhous JJ coll 
T.ij) 1 J) ( pep- Taj) 1 p ( pep- 
v.iloi tone Wiitei walei toMCw.iter 
Hydiochlmic acid 0 018 0 174 0 045 0 31.8 

8ulphuiic „ 0 022 0 188 0 081 0 530 

Acetic ,, — — 0 5bl 0 83b 

Bcn/.oic ,, 0 009 0 292 0 242 0 555 

In agieemcnt with the lesults of other 
woikers, largei amounts of each acid aie requned 
to disinfect m the jiiescnce of jieptone , with the 
organic acids, benzoic and acetic, this diminished 
activity IS not sc:> jironounccd Winslow and 
Loehridge find that the disinfectant powei of 
the acids is not pioportional to their stieiigth in 
tcims of normality, but, in the ease of the 
mineral acids, liydioc hloiie and sulphuric, to 
the degi(*e of ionisation of the solution, 99 to 
100 p c leduction of B loU or typhosus being 
effected with eithei acid at the same concentra- 
tion of dissociated hydrogen The evidence 
tends to show that the alteration in ionisation 
in a dilute acid solution brought about by the 
piescnce of otherwise inert substances m solu- 
tion, as, for exam])le, neutral salts of the acid, 
accounts for the variation in gcrimc idal a( tivity 
In practical disinfection, the subject is often 
rendered still more complex by a further inter- 
ference -the absorptive effect on solids in 
suspension Therefore the acidity, as found by 
titration, does not give the germicidal value of 
an acid solution unless these disturbing factors 
are considered. 
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Metallic derivatives. Warm alkaline leys are 
the moBt ancient of dismfectants : potassium | 
and sodium hydroxides arc stenlisers in the 
proportion of not less than 2 to 5 pc, their 
carbonates in 5 to 10 p c At a contact of 
5 minutes ensures the death of most orgamsms 
(Zoitsch. f ilyg. 1903, 349), hence ordinary 
soaps have a slight dismfectant value Strong 
biino IS prescivativo, but not disinfectant, and 
the practice, formerly frequent, of washing out 
milk cans and other utensils with it, is not a safe 
one Lode shows ((Uiem Zentr 1902, i 1122) 
that 60 p c. salt solution docs not lall the spores 
of common moulds. 

Lime, as quicklime, is fatal to bacteria when 
it comes in contact with them in an almost dry 
condition, and has been much used where there 
IS a considerable space and bulk of material to 
bo dealt with. It is not safe, however, to trust 
entirely to the old method of burying infected 
bodies in lime, as, on disinterring, the live spoies 
may again be diffused, unless a long period has 
elapsed The disinfecting powei of milk of lime 
and whitewash has been much overrated , as to 
milk of lime, Liborius stated (Zeitsch f Hyg n 
25) that in the propoi tion of 74 parts per million 
of CaO, it destroyed typhoid bacilli, and that 
240 parts per million were required for cholera 
organisms, while 2 p c of dry lime was noedecl 
for cholera discharges , with in each case ‘ a few 
hours’ ’ contact When lime is added to sewage, 
a great number of bacteria are earned down, but 
are not killed, and the supernatant liquid is not 
steiilised. JDr Houston (7th and 8th Kepoits 
of the Metropolitan Watci Board, 1911 and 1912) 
found that 0 02 p c of quicklime effectively 
destioyed H colt m raw Thames water m from 
5 to 24 hours Zinc chloride, ‘ Burnett’s liuid,’ 
formerly m high repute as a disinfectant, is 
not icliablc m its cfleit, and ranks below 
copper sulphate and mercuiic chloiide 'rhe 
sulphate has still less energy (II W coeff 
0 09) 

Aluminimn chloride, ‘ chloralum,’ was classed 
by Miquol between zme chloride and copper 
sulphate. Iron bolts, especially ferrous sulphate, 
were at one time m vogue for samtation, but are 
ineffective 

Pitnianganafes mid mmu/miaies weie Orst in- 
troduced as Oondy’s red and gieen fluids Like 
oxidisem generally, they are laigely consumed 
by otherwise inert mattei’s befoie attacking 
organisms, and as complete disinfection cannot 
be ensured unless an excess of reagent lemains, 
evidenced by a pink colour, which is not always 
easily visible owing to the brown oxide of man- 
ganese produced, their use may be very costly 
and its execution frequently imperfect The 
writer carried out experiments in street- watering 
of two similar areas of ordinal y soiled asphalt 
roadway (a) with water alone , {b) with per- 
manganate solution 1 m 5000 (six times the 
amount then customary), and examined the 
liquid from the surface The permanganate 
was almost immediately decolourised Sample 
(6) was nearly inodorous, on keepmg became 
much less foul than (a), and the reduction m the 
number of organisms was 96 pc, but the 
survivors included a large proportion of the 
dangerous forms (Rideal’s Sewage, 1906, 117) 
For polluted water Rosenau recommends addir j 
permangan,pte drop by drop tiU the pink colour 


persists for 24 hours. ‘ Pinking ’ of wells was 
many years ago adopted by Hankin in India as 
a precaution against cholera Permanganates, 
used in various ways, are still being patented, 
chiefly for water purification. 

Criromic acid, although a powerful oxidiser 
and instantly coagulating albumen, is excluded 
by its cost and poisonous and corrosive nature 
from the list of useful disinfectants or of pre- 
servatives. 

Arsenic, like cyanogen, has more effect on 
higher than on lower forms of life, and is the 
basis of valuable insecticides, such as the sheep- 
dip solutions of arsenious oxide or sulphide in 
soda, frequently associated with tar products 
and nicotine, iiee Chemist and Druggist, 
June 11, 1904, Rep. Dept Comm B of Agric , 
leadmg to the yhcep-Dip Act of 1903 , and 
Quibell, J ISoc Chern Ind 1907, 1266 The 
copper compounds, * Fans green ’ (aceto- 
arsenite) and others, are used for spraying or 
dusting trees, combinmg the actions of arsenic 
and copper Seveial organic amenic compounds 
have been introduced as medicinal paiasitii ides 
(bee Lancet, Brit Med J , &c , 1910 and on- 
wards) 

Arsenicals and similar oigamc metallic com- 
pounds are frequently selectively germicidal 
Salvarsan, p-p-dihydiosia, w-'//i-diammo ai'seiio- 
benzeno has a strong antiseptic action on 
anthrax, erysipelas, and glandem, as well as 
syphilis The selective action is more pro- 
nounced in serum (Zeitsch f Hyg u Infeht 
Krankh 1914, 77) 

Among the more important arscmcals may 
be mentioned . — 

Salvarsan 

Caeodyhc acid and its salts 

Atoxyl sochum ammoplienylarsenatc 

Asyphil mcieury ammophenylarbcnate 

Arihcnal methyl disodium ai senate 

Aisacetin p-acetyl ammophenyl sodium 
areenate 

Soamin sodium arsamlate 

Neosalvaman sodium 3 3-diammo-4 4'-dihy- 
dioxy arsenobenzeno methanal sulpho- 
xylate 

Some metals in the free state are antagonistic 
to geims. Jhevert states (Compt rend 136, 
707) that agitation with granulated zinc kills 
F typhosus and coli m a few hours, and Baeycr’s 
method of treating polluted watem with zme- 
dust, charcoal, and hrne causes, according to 
Maigoschcs (Lcip/ Monats Textilmd 1901, vi ), 
practical sterilisation Rankm (Pioc Roy Soc 
1910, B, 82, 78) shows that clean strips of Al, 
Zn, or Cu, in air-free water, do not reduce the 
number of coli. whilst when air is bubbled through 
there is a great reduction after 1 hour Fxcept 
with Cu, peroxide of hydrogen was produced, but 
the amounts of this and of the metal dissolved 
were too small to account for the germicidal 
effect, which is ascribed to the metal and oxygen 
together Metallic iron has long been used for 
purifying water, as m Anderson’s process (J. 
Soc Arts Feb 14, 1896) , m this case, galvamc 
action and the oxides formed come largely mto 
play, but Frankland proved that the metal 
itself was, to a certam extent, bactericidal Old 
Hindoo wntings direct water to bo kept in 
vessels of copper ; among modem observers^ 
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Nageli, Galeotti, and Israel and Klingman hold 
that there is formed a colloidal solution which 
renders the water toxic to many alga? and 
bactena. In 1904 the U S Dept of Agriculture 
reported that 1 sq. cm. of bright copper per 
100 c.c. of water was sufficient to exteimmato 
UrogleMa and some forms of S'pirogyra^ and 
Kraemer showed that the same treatment de- 
stroyed colon and typhoid bacilli in 4 hours, 
whilst colloidal copper was quickly fatal to these 
orgamsras For household purihcation, he com- 
mended the use of strips of copper, about 
sq inch to each quart (2 sq cm to 100 c.c ), 
immersed m the water for 6 to 8 hours In a 
similar way, Ridcal and Baines (J San Inst 
1904, 594) obtained steiilisation of typhoifuSf coh, 
and S py aureus m less than 24 houis Bassett 
Smith (J Prev Med July, 1904) found that m 
a bright copper vessel, B typJMms was still 
living at 12 hours, but was dead at 24, and that 
of ordinary water organisms, 1020 ])er c e at 
first, only 8 per c e (none of them hquiJying) 
wore left after 24 hours Ho concluded that 
clean iron oi zinc was neatly equal to copper in 
first effect, but soon lost the powei by oxidation 

Copper sails have a distinctly poisonous 
action on lower organisms, and are now used in 
many places to retard alga' development eaily 
in their seasonal growth m water rcservoiis 
Kroncko considered cuprous chloride to be the 
most active of the salts he treatefl Elbe water 
containing 40 to 50 thousand organisms per c c , 
with 60 paits per million of Cu^Olg and 20 parts 
of ferrous sulphate, allowed 0 houra’ contact, 
then agitated with 10 parts of lime After 
settling and fdtration through sand, the water 
was sterilised, clear, and colouiless, and free 
from iron and copper Schuinbeig (Chein Zeiitr 
1900, 11 203) corroborated the sterility at the 
end of 6 hours The efficiency of soluble cupiic 
salts IS generally dependent on their percentage 
of copper (Green, Zeitsch f. Hyg 1893, 405 , 
Kideal and Barnes, Ic), but the sulphate is 
commonly used as most convenient For dis- 
infecting sewage -effluents (and inferential! y for 
loservoirs), American investigations conclude 
that copper, sulphate ‘ is not so efficient as 
chlorine compounds, is more seriously affected 
by carbonates, and is much more expensive ’ 
(US. Geol Survey, Water Supply Paper 229, 
1909, 32; aho see Bull US Dept of Ague 
No 100, 1906) 

Disinfection of excreta and morbid jiroducts, 
even with considerable quantities of copper 
salts {e g 6 to 10 p c of the sulpliate), is not 
reliable For killing agricultural parasites, 
their use is well known, including that of the 
sulphate for soaking seeds and against potato 
blight, also verdigris (acetate), ‘ Pans green ’ 
(arsenite), copper-limc-sugar and copper-soap 
washes for trees, and ‘ Bordeaux mixture ’ 
(copper sulphate and lime) The last named 
was introduced for vinos, but has been since 
extended to other crops. In reference to the 
general practice of employing the metallic 
compound in the precipitated or solid form, 
instead of in solution, the mam points stated 
are (1) that, m the former way, it is not liable to 
injure the plant or contaminate its tissues ; (2) 
that the copper should remain as an external 
coating, because the spores germinate on the 
surface ; (3) that uncert^mty of composition 
VoL. IT.— T. 


and inequality ot application are overcome by 
certain piecautions and definite prescnptions. 
See British Board of Agricultuie leaflets 23 and 
226; the latter (May, 1909) gives a method of 
preparing and using Bordeaux mixture : ‘ for a 
r» p c solution, 3 lb copper sulphate and 2 lb. 
freshly burnt quicklime to 10 gallons of water,* 
Sec also J Soc Ohem Ind 1896, 332 ; 1907, 
1291 , Compt lend 1911, 162, 532 Chuard 
{ihid 1910, 160, 839), estimating that 12,000 tons 
of copper are thus consumed annually in France, 
expresses anxiety as to the result of its accumu- 
lation m the surface soil, and with a view to re- 
ducing the quantity states tluat a half p o 
aqueous mixture of the oxychloride is as adhesive 
and effective as the usual 2 p c paste of the 
sulphate Cupiic sulphate impregnation for 
preserving or ‘ kyamsmg ’ timber has been 
superseded by creosote oils, since the former 
washed out of the wood. ‘ Microsol,’ sold as a 
soluble disinfectant for stables and drams, con- 
tained 76 p.c of copper sulphate with sulpho- 
carbolate and some fieo sulphur dioxide. 

Mercury — Mercuric chloride, ‘ corrosive sub- 
limate,’ has long been recogmsed as one of the 
most powerful of disinfectants, and a 1 per 
1000 solution was the earliest standard for 
conipaiisons Apait from cost, points limiting 
its utility to special purposes are : (1) the poison- 
ous effect on higher animals and plants ; (2) its 
precipitation by so largo a number of sub- 
stances, such as hard water, alkalis, and 
numerous salts, metals, sulphides, and many 
organic bodies, causing its action to be liable to 
great variations and inconveniences It will 
often form a pellicle over oiganisms without 
killing them, and it is mapx)li(‘able to the dis- 
infection of siiutum, excreta, and the like, from 
its producing a coagulum which jirevcnts further 
penetration 8odium or ammonium chloride is 
sometimes added to increase the stability of the 
aqueous solution, but considerably diminishes 
the germicidal power The Local Government 
Board recommended for disinfecting purposes 
HgCl, i oz , HCl 1 fluid C'Z , aniline blue 6 grs 
(a colouimg for safety), water 3 gallons (1 m 
962) 

Kionig and Paul m 1897 showed that 
mercury salts followed a general rule that the 
germicidal jiower depends on the metallic ion, 
and IS m projioition to the degree of ionisation, 
so that a 1 in 500 solution of HgC'L is much less 
than twice as active as 1 m 1000 moreover, the 
chloride is moie active (in equivalent solutions) 
than the bromide, and 4 times more active than 
the cyanide, which is almost non-iomsed Solu- 
tions of the orycyanide are used in surgery, are 
distinctly alkahne, and only slightly precipitate 
albumen , a strength of 1 in 1 500 is antiseptic, 
does not really attack instruments, and is not 
irntant Mercuric iodide, dissolved in potassium 
iodide, IS a iiowerful disinfectant, and is made 
up as ‘ iodic hydrarg ’ It is less affected by 
albummoids and less imtant than the chloride, 
and IS mcoiqiorated m a disinfectant soap. 
Mercury -zinc cyanide, ‘ Lister’s antiseptic,’ has 
the disadvantage of being of variable composi- 
tion. A great number of organic mercunal 
compounds, introduced into medicine and 
surgery, trace their mam effect to an antiseptic 
or germicidal action ‘ Sublamin,’ mercunc- 
ethylenediamme sulphate (43 p c Hg), xJ easily 

2 N 
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soluble in water, is much less irritant than 
mercunc chloride, does not coagulate albuminous 
solutions nor precipitate soap, and is a valuable 
hand-disinfeotant ‘ Protectyl ’ contains about 
96 p c water, 1 p c salicylic acid, 0*2 pc. 
mercury, and about 3 p c geiatin 

Sodium hydriodic mercurobenzoate was 
carefully investigated as a disinfectant by 
Schrollor and Schranth (Zeitsch f. Hyg u 
Infect Kranh 1911) They found that the 
germicidal powers could be enhanced by the 
introduction of halogens, methyl, methoid, or a 
second hydroidic mercury group into the 
nucleus, whilst a corresiionding depression was 
caused by sulphonation or the introduction of 
an amino grouping, sodium oxy mercury ortho- 
nitrophonolate ‘ Mercurophen * is said to have a 
carbolic acid coefficient by the R W method of 
over 10,000, to be loss toxic than mercunc 
chlonde, and to exert less than one-quarter of 
the precipitating power which this salt has on 
blood serum (8 Schambeig, J Amer Med 
Assoc 1917) 

Silver Mil ate stands next to mercunc chlonde 
in germicidal power, and has similar limitations 
m its use, with the additional one of being 
precipitated by chlorides The writer found 
that 1 in 1000 killed B coh and S py aureus 
in 24 hours, but a small quantity of chlonde or 
organic matter prevented the effect Among 
other silver salts arc the citrate, ‘ Itrol/ recom- 
mended as a non-irritant antiseptic dusting for 
wounds (Pharra Zentr 38, 460) ; ‘ Actol," the 
lactate, for antiseptic injections • ‘ Tachiol ’ 

silver fluoride, easily soluble, and a powerful 
non-toxic bactericide specially useful for the 
urinary tract (1 in 1000 to 1 m 5000 is suggested 
by Patemo and Cigolani for sterilising water in 
a concentration of I in 400,000. Chiefly with 
the object of avoiding imtant action, incom- 
patibility with chlorides, and coagulation of 
.dbuminoids, a large number of organic pre- 
parations of silver have been introduced, such 
as ‘ argentamine ’ (ethylonediamine-silver-phos- 
phate), and the proteid compounds ‘ argonme ’ 
(casein), ‘ argyrol ’ (gluten), ‘^largm ’ (albumen), 
and ‘ protargol ’ (protein) A report to the British 
Med. Assoc in 1906 gives the time in minutes 
required to kill S. py aureus by tho prepara- 
tions used as • silver mtrate ( J to 2 p c ), 2 to 5 ; 
protargol (2 to 4 p.c ), .3 to 6 ; largin (10 pc), 
2 to 5 ; argomne (5 p c ), 3 to 6 ; whilst argyrol 
and ‘ collargol ’ (colloidal silver, J. Soc. Chem. 
Ind 1 903, 315) had very little bactericidal power 
(Lancet, 1907, i. 675). Many of these are 
destructive to gonococci and to ophthalmic 
disease organisms. 

Osmte acid was found by Koch and Klein to 
be powerfully bactericidal ; it ls very poisonous 
and a strong oxidiser. The former stated that 
an extremely dilute solution of potassium 
auncyanidCf 1 part Au(CN), in 2 millions, 
checked the growth of B tuberculosts 

Chick and Martin (.1 of Hyg 1908, 634) 
observe that for spores, metallic salts rank 
highest as germicides ; with mercunc chlonde, 
the reduction of efficiency caused by blood 
sr um is much greater than with phenol. 

Organic Compounds. 

Compounds related to the alcohols. It has 

long br'on known that ‘ wood spmt,’ crude 


methyl alcohol, m a dilution as low as about 
5 p.c., can kill insects and most micro-organisms, 
and preserve perishable organic materials owing 
to the tar products that it naturally contains. 
The alcohols, by themselves, are oidy efficient 
m a very much higher strength by coagulating 
albumen and (when absolute) by withdrawing 
water Wirgm (Zeitsch Hyg 1904, 46, 149) 
has tested methyl, ethyl, butyl, and amyl 
alcohols with anthrax spores, and S py aureus, 
and concludes that the disinfecting power is low, 
that it increases with the molecular weight, and 
that there is scarcely any action on dry spores 
It has been suggested to add alcohol vapour in 
steam disinfection, but 8eige (Chem Zentr. 1902, 
I, 130) finds no advantage Hand disinfec- 
tion with alcohol is not reliable (Goenner ; 
Harrington, Boston M J. May 21, 1903), al- 
though Hansen found that epidermal bacteria, 
e.g eczema, ere, when moist, destroyed in one 
minute by absolute, and in most cases by 50-60 
p c alcohol (Centr Bakt 1907, 466) This 
statement is supported by A Zabludowski 
(Deut. Mod. Wochcnschrift, 1911, 405), who 
advised the addition of 5 p c of tannic acid. 
Stenhty of the hands could be obtained by 2 
minutes’ immersion Glycerol m strong solu- 
tions (25 p c and upwards), is antiseptic, but 
in weaker ones it rather promotes the growth of 
bacteria AUyl isothiocyanate, mustard oil, has 
figured in a number of patents, and is capable of 
killing many organisms, but not economically. 

Formaldehyde is found m commerce as the 
40 p c solution ‘ formalin ’ or * formol ’ ; it is 
antiseptic and germicidal, and is official in the 
German, Austrian, Belgian, United States, and 
Japanese pharmacopauas Formalin, diluted 
10 times, 18 used for embalming and for pre- 
serving bodies for dissection and museum 
specimens, but for antisepsis generally, a much 
weaker solution is efficient 'riie Board of 
Agriculture (Dec 1906) found that fruit of all 
kinds immersed for 10 minutes in a solution of 
3 pints formalin to 10 gallons water ( = 1^ pc 
CH2O), then allowed to dram and dry, keeps 
10 to 21 days longer than when untreated , and 
that one lot of liquid can bo used for a number 
of batches S Rideal and Dr Foulerton have ^ 
proved that 1 in 50,000 of formaldehyde ( — 1 m 
20,000 of formalm) suffices to keep milk sweet 
for 24 hours, even m warm weather, without 
injury to health (Pub Health, May, 1899 ; 
Lancet, 1899, 1427, 1571). Apparently because 
experiments with larger doses showed effects on 
nutrition, the Bntish Dept. Committee on 
Preservatives, in 1901, recommended ‘ that the 
use of formaldehyde or formalm or preparations 
thereof m foods or dnnks be absolutely pro- 
hibited ’ And yet its agency m the preserva- 
tion of food is as ancient as that of salt. The 
disinfectant and preservative power of wood- 
smoke is m part due to formaldehyde, which 
IS present on the surface of smoked provisions, 1 
and was found by Trillat in amounts varying 
fromyxiiTTu^® the weight of the substance 

consumed, m smoke from wood and cellulose 
In tobacco smoke, he found 0 05 to 0 12 pc., 
and m soot from house chimneys, 0’28 to 0 35 p.c. 

’ Perrier flnda to Trooiona in bacon, ham, 

sausages, and herrings ,* remarks that a strict regulation 
against formaldehyde wouid forbid these foods ; and con- 
tends that a limit should be fixed instead of proliibition. 
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as paraformaldehyde Typhoid and cholera 
organisms were killed by products from the 
combustion of 2 grams of sugar passed into a 
12 litre vessel, and by burning 4 kilos, of sugar 
in a room of 100 cub metres ‘ oven very resistant 
organisms were destroyed.’ (Rouguier has 
made this the basis of Fr. Pat 360470, 1905 ) 
With straw, the best results wore obtained by 
burning it in a heap of alternate dry and wet 
layers using 18 kilos, of straw in a room of 
140 cub. metres (4944 cub feet), B. coh and 
diphthencB were destroyed after contact with 
the smoke for 12 hours ; the room temperature 
rose to 35°, and up to 2 grams of formaldehyde 
were generated per kilo of straw (('ompt rend 
138, 1613; 139, 742, 140, 797, 141, 215; 
150, 339) 

H Will (Zeitsch. Brauw. 1905, 28, 330, 347) 
gives formalin a very high place among brewery 
disinfectants Ho notices, like other observers 
(Kmgzett, Slater and Rideal, Lancet, April 21, 
1894), that it IS more powerful against bacteria 
than against yeasts and mould fungi Limits 
recorded as preventing development arc 
saremso and bacteria, 0 003 to 0 031 pc, 
yeasts, 0 007 to 0 062 p c ; moulds, 0 031 to 
0 126 p c. 

Advantages in formaldehyde disinfection are . 
(1) that it can be easily applied in the state of 
gas or vapour for fumigation , in the liquid con- 
dition as spray, wash, dipping, or in higher 
dilutions as an antiseptic, or in the solid form 
as its polymers, compounds, or mixtures ; (2) 
that unlike mercuric chlonde and many other 
agents, it is not thrown out of action by albu- 
minous matter or by most chemicals , (3) that 
it is effective m strengths which are not irritant 
or poisonous, and does not injure fabrics or metals 
At quarantine stations, large quantities of bulbs, 
roots, nuts, fruits, &c , coming from plague or 
cholera-infected regions are disinfected by 
immersion m a 6 p c solution of formalin, which 
does not injure the food value and muc h rctaids 
decay. In the Linley process, meat is treated 
with formaldehyde vapour, ‘ 1 oz formalin per 
cub foot of space in the chamber,’ the gas after 
a time removed by a fan, and the meat frozen 
for shipment Buchanan and Schryver (L G.B 
Food Report, No 9) state that the gas commonly 
penetrates for about 20 mm under a thin layer 
of connective tivssue, that the amount absorbed 
often reachas 1 in 3500, that it is reduced or 
removed by boiling or roasting, but that grilling 
seems to make it penetrate further 

In surgery, formaldehyde and its prepara- 
tions have been of wide service Amonpt the 
more important may be mentioned the foUowmg 
formaldoliydo and formaldehyde ammoma (hoxa- 
methylone tetramine) compounds : — 

With hexamethy- 

With formaldeliyde leno tetramine 

Inorganic com- Glyceroborate Triborate or 
pounds or boroform borovertm 

Aluminium SI- Dichromate or 
licate or dreia- chromoform 
form Acid phosphate 

or hexanitrme 

jVhphatio deri- Iodoform or Dibromoduodo 
vatives eteaiodoform chrysoform 

Acetamide or Sodium acetate 
formicm c)r8topunn 

Iodoform iodo- 
formm 


^ With hexamethy- 

Wlth formaldehyde lene tetramine 

Aromatic den- Phenol Resorcmol 

vatiVes Resorcmol Guaiacol 

Guaiacol Sahoylates 

Thymol Salicyl-sulpho- 

Cresols and nates 
potash or 
tysoform 
Tar and pitch 

Carbohydrates Lactose Milk sugar 

Dextnn 
Milk sugars 

Miscellaneous Starches Silver albumin 

Casein Camphorate 

Gelatin Tannins 

Terpenes 
Tannins 

Geronzi found that the addition of 5 p c of 
sodium carbonate to the 5 p c formalin which ho 
successfully used for obstinate oar disease 
increased the tolerance and enhanced the germi- 
cidal power (Arch. Ital. di Otologia, 1903). 

Formaldehyde antiseptic powders for dressing 
are ‘ Amyloform ’ (starch) , ‘ Pro tool ’ (casein) ; 
‘ Stenform ’ and ‘ Sterisol ’ (lactose) , ‘ Glutol ’ 
(gelatin) These, especially the last, when 
moistened as m a wound, slowly regenerate 
formaldehyde. Formalised gelatine is now 
largely used with success instead of surgical 
collodions Formajiiint tablets^ ‘ for infectious 
diseases and as a prophylactic,’ are said to 
contain 0 01 gram of (’H^O in each, combined 
with milk sugar (Eng Pat 2672, 1906 , Pharm 
J. 1907, 11 838) M Jones states that with 
B diphihfriai the R W coefficient is only 0*01 
as against 0 30 for cyllin pastiles 

Barafor7ri, paraformaldehyde, tnoxy methy- 
lene, or ‘ tnformal,’ is a solid polymer, only 
slightly soluble m cold water, and dissociated 
into CH 2 O gas on heating It was introduced 
as an internal antiseptic and for disinfecting 
instruments, and said to be as active as /3-naph- 
thol, but its chief use is for evolving formalde- 
hyde either alone or in mixture, for wnich a largo 
number of methods have been proposed, many 
of them patented Mixtures with Na, Ba, or 
Sr peroxide, when brought into contact with 
water, yield formaldehyde and hydrogen perox- 
ide . it 18 stated that ‘ Autan ’ contains 1 part of 
paraform to 2 of BaO^ (Lancet, 1908, 1 139), 
and that 60 grams mixed with water kills all 
organisms m a cubic metre of air bubbled through 
it (Fr Pat. 366605, 1906). 

Room disivfection with formaldehyde cannot 
bo economically effected by simply evaporatmg 
the solution , under ordinary circumstances, 
only a portion of the substance is volatilised, 
the remainder polymerising and remaining 
behind as a solid, while reliable disinfection 
requires a definite large volume of gas to bo 
produced m a short time For this object, 
very numerous methods and apparatus have 
been devised, which may be groupea as follows: — 
A. Direct production of CH 2 O gas, by passmg 
methyl alcohol vapour and air over hot surfaces 
of platinum (Hofmann) or partly oxidised 
copper (Loew). The various lamps on this 
principle have had the faults, among others, that 
the oxidation is mcomplete and mconstant. 
Kenv Dod found that IJ litres of methyl alcohol 
were required to disinfect a room ol 2000 
cub. feet. 
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B Heating the solution (formalin) under 

E rassure was used by Tnllat, calcium chloride 
cing added to raise the boiling -point In his 
autoclave, 1 lb formalin was required for 1500 
cub feet By this method, Kenwood obtained 
Rterilisation of diphtheria swabs, and S Rideal 
with various ai tides infected with B typhosu^s, 
(iiphthencp, coh, S py aureii<i, and anthrax 
spores, found that m 24 hours all were sterilised, 
whilst fabries, furnituie, metals, and leather were 


less than 100 cub feet, with not less than 12 and 
preferably 24 hours’ exposure, and not less than 
2 ozs. of paraform per 100 cub feet (about 2 
grams per cub metre). Klein, Houston, and 
Gordon (London County Council, 1902) record 
that with 23 grams of paraform per 1000 cub 
feet, B typlio6U(s, diphtherice^ pyocyaneus, and 
/S' py anreus were lulled in 6 houis, but not 
anthrax spores nor (with certainty) tuhet culosis 
m sputum It will be noticed that the time 


not injured {Seeahod R San Inst 1903,508 ) 

C Formalin, mixed with glyccTol, is distilled 
at nearly the oidmary pressure, as in the 
Trenner-Lee, Lentz, and Lingnei appaiatus 
The latter, according to the Russian National 
Health Society’s Journ 1900, was mainl}. in- 
strumental m extinguishing the plague at 
Astrachan, in 1899 Klein (rejiort of 1902), by 
3 hours’ exposure in a scaled loom with the 
Lingnei generator, steiilised anthiax spores and 
tuberculai sputum Houston and Newman 
also report favouiably (Practitioner, Sept 1002) 

An important point to notice is that in 
method (B), the (JH ,0 is chieflv liberated at the 
beginning of the operation, in (Ct) at the end, 
mixed in the latter ease with steam and glycerol 
spray, which deposits as a film on the surfaces, 
and assists m the penetration and disinfectant 
action 

D Formaldehyde has also been used in 
conjunction with acetone (Eng Pat 10398, 
1908), SO, (Fr Pat 379998, 1900), aUohol, and 
some fatty acids 

E Evolution by mixing with other chemicals 
Dohydiating agents disengage veiy little CH^O 
gas from formalin, since most of it jiolymenses 
With quicklime, S Rideal has only obtained 
8 j) c of the theoretical yield (r/ Eng Pat 8259, 
1899, Fr l»at 323041, 1902, and II S Pat 
790408,1905) Carteret observes (( 'ompt rend 
1908, 146, 819) that 1 part formaldehyde and 2 
paits bleaching jiowder addc'd to 3 paits water 
evolve 70 p c of the theoretical yield (D R P 
217941 of 1908) Potassium pcimanganato 
bchavc's simdaily, generating gieat heat, 
U S Pat 885223 relates to a mixtuio of this 
kind Major Munson (Tians Inter (^ongress 
Hygiene, Washington, 1913, 750) has obtained 
86 p c of the formalm vapoiised, and 8 Rideal 
(Blackpool Congress, 1914) used a paper bag 
for sterilising clothes, using 40 grams per- 
manganate to 100 c c formalin The action of 
peroxides has been already mentioned 

F. The simplest process is heating paraform 
by a small flame (avoiding ignition), when it 
melts and is rf'solved into f'H^O The ‘ Al- 
formant,’ oi Schering lamp, uses 1-gram tablets 


is not even that given m the directions issued 
with the lamp, and the humidity and tempera- 
ture of the room are not stated Allan, Newman, 
and Cnbb had previously obtained generally 
satisfactory results with 10 giams jiaraforni 
per 1000 cub feet, under moist conditions 
(Brit Med .1 Aug 13, 1898) Kenwood’s 
experiments pointed to an average of 25 grams 
per 1000 cub feet being necessary Werner 
and Bonhoif (Berl IClm Woch 1904) find that 
tubercular sputum m certamly disinfected by 
5 giams per cub metro (141 giatns per 1000 cub. 
feet) acting for 7 hours, which is double the 
quantity Flugge first recommended In Breslau 
a large number of formaldehyde disinfections 
are earned out for scarlet fever and measles, 
and the disease has in no case recurred in the 
same room 

Sp)aytng with the solution should be the 
invariable practice except with the large GH^O 
geneiators, which are capable of filling the room 
also with bteam and spray When spraying 
IS used alone, theie is a danger of not pene- 
trating into crevices, and the solution must be 
of highci strength , Dr Mackenzie’s extensive 
experience in the disinfection of houses and 
hosjntal wards, proved that 1 p e OHgO (4 ozs 
formalin per gallon) is allcnded with success , ho 
adds 5 ozs glyceiol jior gallon of formalin to 
prevent too-iapid drying Thresh and Sowden 
in 3 to 4 hours sterilised diphtheria, ti/phosV9, 
cholera, pyoq ameus, and prodiqiosns with 
J pc GH,0, but pyoeqaneus (on whitewash) 
only with 2 p c , they, tlierefore, recommend 
the latte r strength 

Where the spate has to be occupied soon 
aftei wards, any residual formaldehyde can be 
neutralLsed by volatilising ammonia The pro- 
I duct, under the name of Vrotropnie, is a service- 
I able antiseptic in cystic affections, and is 
I adrainustered to typhoid ‘ carrieis ’ to destroy 
I the bacilli of the disease in the urine Urotio- 
j pine is the bcosis of a large number of antisejitie 
preparations [see above) 

I Disinfection of excreta is attained by mixing 
I with 3 to 5 p c of formalin and keeping in a 
I closed vessel for at least an hour Rosenau 


placed in a pcrfoiatcd cu[), and it is directed to 
use 10 tabl(‘ts per 1000 cub feet with 6 hours’ 
exposure 8 Rideal found that this quantity 
killed B coh, typhosus, diphthericp, and S py 
aureus m 20-24 hours, and that double the 
quantity m the same time killed moist, but not 
always diy anthrax spores He recommended 
spraying with \ pc solution of formalin 
before using the lamp, as the gas is evolved with 
insufficient moisture The latter defect is 
remedied m the ‘ hydroformant ’ lamp, m which 
12 ozs. of water in an annular vessel is simul- 
taneously evaporated. Rosenau considers this 
method of generating CHoO useful fc ' the 
disinfection of closets and small enclosures of 


I states that fan es are rendered sterile at the end 
I of 10 minutes by an equal volume of a 4 p c 
solution of formalin Houston presenbes 1 to 2 
])ints (according to bulk) of 5 p c formalin, acting 
for at lc«ist an hour (Piactitioner, Sept 1902). 

Foimaldchyde, as an insecticide, is much 
inferior to 80^, although Brough (J. Mass B of 
I H March, 1898, 51) observed, in his disinfections 
with the foimer gas, that all the fliei? were in- 
vaiiably killed, and generally the bed-bugs. It 
is an excellent deodorant. 

1 No acidity is produced by continuous 
j sjiraying or distillation of formaldehyde, thore- 
I fore it IS not readily converted into formic acid 
I in this way. 
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Formic acid . — We have discussed the gormi^ 
oidal action of acids generally in an earlier 
section of this article. Formic acid has tins 
power to a considerable extent, and is a strong 
antiseptic Kitasato’s results, as summarised 
by Horrocks, gave acetic acid a slightly higher 
activity in nutrient media, stating that with 
B tpphodus the amounts p c* m cases of ( 1 ) 
growth, (2) growth restrained, (3) no giowth, 
were respectively formic acid, 0 22, 0 278, and 
0 350 , acetic acid, 0 2, 0 225, and 0 3 , with 
Sp choler(Vy formic, 0 11, 0 167, 0 22 , acetic, 0 1, 
0 153, 0 2. But very different results are ob- 
tamed in water and most orgaiuc solutions The 
writer lias found that lypliosm is killed by 0 5 p c. 
of foimic acid in l(‘ss than 15 minutes and by 
0 1 p e m about 30 minutes , and in 1007 he 
made the R W typhosus coefficient of foimic 
acid many times higher than that of acetic He 
also found th(i pieservative action to be higher 
with vegetable substances, 1 p e of foimie acid 
was c([ual in eftcct to 5 p c of acctu* (time of 
trial, 2 months) Raw fish were mounted in 
0 53 p e foi tnic, in 5 p e acetic, and m 0 3 p c 
bone, acids, heated for 20 minutes to 80'^, and 
the jar closed with cotton wool , m a wei^k, the 
last was brownish, dLsintegiated, and uneatable, 
though not distinctly putrid , while the first two 
kept sweet and of natuial characters for 3 
months Experiments with biead-pulp infected 
With a mixed mould-growth proved that 0 1 
p c of foimic acid cntiiely inhibits the growth 
foi several days, even under the most favoui- 
ablo conditions of culture But in the de- 
stiuetion of the spoies, foimic and is less 
offcetive than foimaldehyde Lohbm ((diem 
Zeit loot), 30, 1000) cllectividy pi(‘served 

different classes of foods by 0 15 p c of formic 
acid, and othci’s liavc jiiovcd that m the cpian- 
tities mentioned above it is physiologically 
haimless , the taste is more pleasant than 
acetic acid, and the odoui is not noticeable 
B 11 (Smith (J Amer ('hem (Soc 1007, 123f)) 
l^rc'seived vegetables with formic, with salicylic 
and with btmzoic acid, in unpiot('(*ted jars 
Under conditions in whu h tlic imtieated sanijiles 
became sour and mouldy m 2 days, 0 1 pc 
foiimc acid piescrved them for 7 days, 0 3 ji e 
for 12 to 18 days, 0 5 p c for 25 days, 0 7 ]> c 
and 1 p c for 45 to over 85 days, and 2 j) e for 
over 85 days He states that 0 1 p c of benzoic 
acid kept his sample for 85 days, whilst with the 
same c^uantity of salicylic acid it was sour m 
9 days. In ordinary piescrvmg practice, as 
we have seen, the articles would li.we leniained 
good for the longer time with the smaller (juan- 
tities of formic acid, which, even if it must be 
applied m a somewhat higliei proportion, is 
from physiological and physical reasons pre- 
ferable to salicylic or benzoic 'J’he chief foimic 
acid pre^servativcs used in commerce, mainly 
for frmt preparations, aio ‘ Werderol ’ and 
‘ Eructol ’ (10-14 pc foimic acid, ‘ 1-1]^ pc 
of the liquid to oe added ’) ; and ‘ Alacet ’ 
(made synthetically from CO and NaOH at the 
Nitritfabrik, Kopemck, about 50 to (iO p e foimic 
acid, ‘ use 0 3 p c. of the li({uid ’) The icsult in 
the three cases would be about 0 14-0*18 p c 
of the acid In an investigation of these 
articles by Croner and Seligmann (Zeitsch. f. 
Hyg. 1907, 56, 387), they find that inhibition of 
moulds, yeasts, and acid-forming organisms 


begins at 0 15 p c formic acid, that stenlisation 
IS effected in 24 hours by 0 2 p c., and iii 10 to 
30 minutes by 1 p c 

Only the free acid is active against orgamsms, 
although the salts do not favour the growths as 
do the alkaline acetates (Sodium formate helps 
the solubility of many antiseptics without 
lessening their power, therefore ligures as an 
adjunct in a number of patents 

Acetic acid is one of the most anciently used 
of pieseivatives , ‘ aromatic vinegar,’ a moie or 
less concentrated acid containing essential oils, 
had a partially-justified reputation against in- 
fet tion Tliq wiiters find that B colt is killed 
by 5 p c HA m 5 minutes, by 2 5 p c in 15 
minutes, while with 0 5 and 0 1 pc it is ali\ e 
after 40 minutes Fijiolujneous acid, or crude 
wood vmegai, owes its antiseptic power chiefly 
to the presence of cicosoto and formaldehyde 

Acetyl peroaidc and benzoyl-acetyl peroxide 
are stated by Freer and Novy (Amer ('hem d 
1002, 27, [3J 1()1) to bo stiongly germicidal, 
since solutions coiiespondiiig to 0 037 -0 074 jj c 
of the formei, oi 0 050-0 112 pc of the lattci, 
=0 005-0 01 pc of active oxygen, dcstioyed 
within a minute all known disease-producing 
bacteiia, and even spoies of B ine^eutei icus, 
which aie not killed by 5 p c phenol , whilst 
IFOg solution coiitainiiig 0 05 pc of active O 
was without action on many bactena even in 
60 minutes Benzoyl pcioxule had no oxidising 
adtion, and was without effect on bacteria A 
solution of aietyl jieroxide was intiodiued under 
the name ‘ acetozone,’ but the title is now 
ajiplied to a moio convenient and stable mixtuie 
ot the benzoyl-acetyl lompound with infusoiial 
eaith, said to be useful in tyjihoid, dysenteiy, 
and cholera (J^ancet, 1904, ii,ll()0, Brit Med 
J 1907,1 ()34) 

Propionic acid has been tested compai atively 
by Huggan (Amor Chom. J 7, 1)2) with the 
highly resistant B duhtilis H(‘ gives as the 
strengths necessaiy for killing foimic acid, 
7 p c ; acetn* acid, 9 j) c , piopionic acid, 
12 p c (numbci>} jirojiortional to the molecular 
weights). Accoiding to A C Jordan (Prac- 
titioner, (Sept 1902, 297), 0 1 p c of bnlync acid 
in broth tubes infected with vigoious B call or 
typhobUd caused them to lemain steiile , B 
pyog aureus lequiied 0 2 p c Vahne acid is a 
teeble antiseptic, but has been mtiodiiced along 
with a little cieosote, as an internal antiseptic 
called ‘ geosote ’ 

Oleic acid, the fats, ‘ Lanolin,’ &c , have 
but slight antiseptic powei in themselves, but 
when applied to the skin may pi event infection 
by the exclusion of geims Reichcnbach 
(Zeitsch f Hyg u Infect 1908, 59, 296) showed 
that the alkali salts of the palmitates had the 
strongest bactciicidal action of the soaps 
investigated The potassium salts of tho 
saturated fatty acids are comparatively stioiig 
bacteiicides, but tlioho of the uiisaturatcd acids, 
with the exception of elaiclic, are not Vicario, 
however, obseived that the fatty matters some- 
times alieady contain germs, and Baidas 
(Oiorn R S Ital d’ Igiene, Feb. 1901) proved 
that B coll and typhosus, S pyog aureub and 
aU)us, retained their virulence in oils for 2 
months ; therefore ointment bases require to 
be sterilised by heatmg to 100°, or preferably 
to 120°, as various bacilli survive ir oil far 
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longer than in aqueous solution. In fatty 
media antiseptics and disinfectants, as a rule, 
are much less active than m water, hence the 
ineffectiveness of carbolised oil as shown by 
Koch and Breslauor Lanoline and cold cream 
contain watei, so can enable agents in aqueous 
solution to come in contact with micro-organisms 
Some metallic oleates are parasiticide . cupnc 
oleate m ringworm and favus (Lancet, 1907, i 
510) ; mercuric oleate for pcdiculi , zinc oleate 
IS said to cure chronic eczema. 

Vegetable acids have the general power of 
inhibiting bacteria which prefer a neiitial to an 
acid medium, but their effect is much less than 
that of mineral acids, and their solutions quickly 
become mouldy in warm weather Citric acid 
was formerly recommended for sterilising 
water : Dr. Christmas in 1892 stated that 
cholera organisms weie killed by 0 08 p c. and 
typhoid by 0 10 pc Eatasato’s figures for 
tartanc, citnc, and malic acids added to neutral 
media containing typhosm arc in p c.’s growth, 
0 338 ; growth restrained, 0 384 , no growth, 
0*470 Succimc acid is slightly antiseptic 
‘ Alphogen ’ or ‘ Alphozone,’ succmyl peroxide, 
IS said to be a powerful germicide (Lancet, 1905, 
1. 367). 

Aromatic acids, — The introduction of — (^OOH 
grou|)s or aliphatic acid radicals into the benzene 
nng yields acids of relatively low antiseptic 
power, mcreasmg with the molecular weight of 
the entering acid 

Benzoic acid is strongly antiseptic in solution 
and vapour, and to a rather less degree in its 
soluble salts It dissolves m about 4CK) parts of 
cold water, and the saturated solution kills B 
typhosus in a few minutes When molecular 
proportions, i e sodium benzoate 0 026 p c , 
potassium benzoate 0 029 ji.c , benzoic acid 
0 022 p c , are separately mixed with milk, the 
writer observes that all retard the souimg, the 
acid more than its salts, but the effect comes to 
an end sooner than with morgamc salts like the 
fluorides, since benzoic acid is itself decomposed 
by some organisms (Analyst, 1907, 32) Not 
being poisonous, it has been much used as a 
food preservative, particularly in countries 
where salicylic acid was forbidden Following 
a report of the Referee Board of the U S Board 
of Agnc that doses of benzoates under 0 5 
gram per day were not injurious to health, and 
that even 4 grams per day did not act as a 

I ioison, the U y. Board, in Pamphlet 104, 1909, 
lavc announced that they will make no objec- 
tion to the use of sodium benzoate m food, 
provided it is plainly labelled on each package, 
both as to presence and quantity The taste 
and odour are difficult to mask It has long 
been used as an antiseptic in surgery, e (j. in 
‘ Friar's Balsam ’ (tinct benzoini co) Benzoic 
aldehyde is official in the U S Pharmacopoeia, 
and in the form of commercial oil of Ditter 
almonds owes its parasiticide power in oint- 
ments mainly to the hydrocyanic acid it con- 
tains, which, of coui*se, necessitates care in 
use Benzoyl-sulphonic-imidCj ‘ Saccharin ’ or 
‘ Gluside,’ has some preservative power, and 
has been given internally to stop decomposition 
of unne in cystitis, but its use for sweetemng 
is less on account of this power than because it 
IS itself unfermen table. 

Bahcjlic acid . — The saturated aqueous solu- 


tion contains 1 in 500 . tested with typhe 
pyog.y aureus, and anthrax, Westcott found i 
m 3 hours only the former was killed. A 
food preservative, it is about equal to bena 
their relative activities varying under diffe: 
circumstances Its physiological effect is n 
distinct than that of bone or formic acid 
formaldehyde in the small quantities requi 
but there is no clear evidence that it cai 
injury to adults if the amount is limited 
British Depait Committee’s suggested rest 
tion is that it ‘ bo not used m a greater proper 
than 1 gram per pint m liquid food and 1 g 
per lb in solid food,’ or 0 0114 and 0 014 
lespectively, which practically would amoun 
a prohibition, since moulds and ferments 
only reliably inhibited by 0 1 pc, the amc 
commonly employed, though often exceec 
Addition of the acid to foods is forbiddei 
France, Austna, and some other count] 
Traces are present in a large number of fi 
(Analyst, 1903, 149). Dr Linsa G. Andei 
used extensively a saline gelatmed salicylic i 
paste contaimng 2 p c of the acid as a wo 
dressing with satisfactory results Compoun 
with an equal weight of bone acid it is 
used as a first dressing under the name 
Borsul ‘ Salol ’ is phenyl salicylate, an 
ternal antiseptic which ls decomposed in 
duodenum into phenol and salicylic a 
According to Lowenthal, when mixed i 
pancreatic juice, it rapidly kills Sp chot 
(Compt. rend 107, 1169) ‘ Salophen,’ 

ami nophenyl acetyl salicylate, is said to ha^ 
lather stronger antiseptic power (Practitio 
March, 1907). A large number of denvat 
of salicylic acid have been mtioduced, and m 
of them patented 

Cinnamic acid, at 2 p c , prevents the gio 
of bacteria, and at 4 p c. destroys them. 1 
contained in Peru and storax balsams, wl 
are parasiticide in skin diseases Fr 
371091 preserves butter by enclosing it i 
wrapper impregnated with cinnamic acid, wl 
‘ prevents butyric fermentation ’ Acetyl-o- 
mane acid, ‘ Ty Ira arm,’ is another mternal a 
septic, said to have a R W coefficient of 
The use of halogen substituted hydrosic ac 
especially ()-chlor-3-hydroxy-p-toluic acid, 
been suggested for disinfectant purposes 
Soc Chem Ind 1914, 33, 807) 

Tannin is antiseptic to proteids througl 
property of forming with them insoluble c 
pounds such a,s leather, but none of the tai 
extracts have even the power to preserve t 
own solutions. 

Phenols and phenololds. The mtroduc 
of aliphatic side chains into the nucleus of ph 
raises the germicidal activity ; the o- ant 
positions for tlie entenng groups have a gre 
influence than the m. Morgan and Co( 
found the following C A coefficients for t 
cresols, o=2 1, p—2 4, m=2 0. Whilst 
methol tnmethyl methoxy phenol is sai< 
have a R W. coefficient of 40 when prop 
emulsified. 

For general purposes of dismfection, ‘ ( 
tar ’ fluids, having as their chief active 
stituents bodies allied to phenols, are i 
extensively employed They are usually < 
syrupy liquids smelling of coal tar, and ma 
roughly divided into two classes : ( 1 ) t 
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which on the addition of water form a more or 
less clear dilution ; and (2) preparations miscible 
with water but producing an emulsion. The 
former usually consist of saponified tar-acids : 
the hquoi cresoh saponatuSf Ph G , consisting of 
equal parts of potash soap and crude crcsol 
heated together, is of this nature. In the 
manufacture of these fluids, potash soap, 
glycerol, alcohol, and other agents are employed 
to aid the solubihty in water. With the second 
group, the mostly insoluble, active ingredients 
are emulsified by the aid of soda, soaps, resin, 
neutral oils, or gelatin 

Polyhydric phenols and naphthols. The 

antiseptic powers of the di- and tnhydroxy- 
benzencs are less than those of phenol. 

E&sorctnol, m-dihydroxy benzene, is a powei- 
ful medicinal antiseptic, and a 1 p c solution 
kills most organisms ‘ Andeer’s lotion ’ con- 
tains 40 grams in 1 oz water ‘ Anusol ’ is a 
bismuth lodo-resorcm sulphonatc. Qmnol or 
hydroqumono, p-dihydroxybenzeno, ls said to 
be a stronger antiseptic than the last, and has 
been suggested for typhoid in doses of 3 to 8 
grains The ortho- compound, catechol or 
pyrocatechin, is also antiseptic Duggan finds 
(Amcr. (yhem J. 7, 62) that the amounts of the 
three isomendes required for preventing develop- 
ment of B subtilis in broth arc ortho- 20, meta- 
25, para- 30 ; phenol being 20 and pyrogallol 16 

Morgan and (/ooper (8th fnt Cong App 
Chem. 1912, viii cl ) give the following figures 
for the carbolic acid coclficients oitho-=0 48, 
meta-=0 29, para- = l 1. 

Pyrogallol^ tri- hydroxy benzene, is antiseptic, 
and a 3 p c solution kills most bacteria, particu- 
larly aerobes, but it stains, is unstable, and very 
poisonous 

Ouaiacol (methyl- catechol) and creosol 
(methyl-guaiacol) are the active ingredients m 
wood creosotes, and have been widely useful as 
antiseptics and parasiticides, especially in 
tuberculosis. Guaiacol has an antLsoptic power 
(but not bactencidal — see Table) 2J times that 
of phenol, and a J to 1 p c solution destroys 
B. tuberculosis in 2 hours (Marfori, Ann di 
Chim 12, 3) A one in 160 solution of (Morson’s) 
creosote kill pyog aureus Mvdii/phosus in 3 hours 
(Westcott) ‘ Little’s Soluble Phenyle ’ con- 
tains wood creosote, and Corfield’s experiments 
give it a high value for wounds and agamst 
vermin. Kenwood and Hewlett (J R 8an 
Inst 1906, 13) make its R W. coefficient 1*2 

Beta-naphthol is official in the British (1898) 
and in a number of other Pharmacopoeias, the 
dose in the former being 3 to 10 grams m a cachet 
for internal antisepsis, especially m typhoid and 
in cholera as a preventative Its solubility m 
water is increased by bone acid Schneider 
observes that naphthols dissolved m alkalmo 
carbonates have greater disinfectant power than 
alkaline naphtholates , the former solutions 
contain napnthol m the free state. He states 
that staphylococci and typhoid are killed m a 
short time by 0 6 to 1 0 p c of ^-naphthol 
alkaline carbonate solution (Zeitsch. Hyg. 1906, 
62, 534) 

Ointments containing 10 to 15 pc are 
efficient in scabies and psoriasis ‘ Betol,’ 
j8-naphthol salicylate, is less soluble than naph- 
thol, and is now seldom used. ‘ Alphol ’ is its 
analogue from a*naphthol, and is very similar. 


A number of easily soluble compounds have 
been mtroduced, such as the j8-naphthol sul- 
phonates, ‘ Asaprol ’ or ‘ Abrastol * (calcium), and 
^ Alumnol ’ (alummium). Helbmg states that 
an aqueous -^solution of the latter, 1 m 260, 
prevents all growth of gonococci, pus cocci, and 
allied bacteria Bechold (Zeitsch angew. Chem. 
1909, xxii. 2033) finds the odourless and non- 
poisonous halogen-substituted naphthols more 
powerful than any disinfectant except HgCUg, 
and that tnbromonaphthol kills staphylococci 
m dilutions of 1 m 260,000 

Dthydrox'i/uaphthalene The 2 3- substituted 
compound has a relatively high germicidal 
activity, with a C’ A coefficient of 4 4 The 
2 7- derivative has a coefficient of 2 8 

Amidobenzene derivatives. 3’he introduc- 
tion of — NH 2 groups into the ring pioduces 
substitutes of low germicidal activity 

Aniline is open to the same objection as the 
nitro- dcnvatives ; it has a carbolic acid coeffi- 
cient of 0 57, whilst o-toliiidme, the next homo- 
logue, has a coefficient of 1 00, and w-toliiidmc 
one of 1 30 

The dyestuffs. A number of aniline dye** aio 
germicidal, owing to their power of penetiatmg 
and combining with living tissue This action 
is very variable, but it is stated that 1 p c 
prevents development of organisms, whilst 1 m 
500 to 4000 retards their growth 

The investigation of the parasiticidal powers 
of the dyestuils was conducted by Ehrlich and 
his pupils in their seaich for compounds con- 
taining strongly developed paiasito tropic group- 
ings, but only with feeble organotropic groupings 
It was found that tetrazo colours derived from 
naphthalene-3 6-disulphonic acid, basic dyes of 
the triphenylmethane series, and certain azo- 
colours were equally effective Symmetrical 
colours were found to bo less organotropic than 
unsy 111 metrical ones 

Methyl violet or ‘ pyoktamn,’ gentian 
violet, certain aurammes, safranme, methylene 
and toluidme blue have been used m surgery 
and m malaria JVIalachite green, injected into 
the blood, kills trypan osorna in 48 hours (Birt 
Med J 1904, 11 1449, 1645 , Deutsche Med. 
Woch Leipzig, 1906, 21, 463) Methylene blue, 
with atropine and benzoic acid, accordmg to 
Lelean (Lancet, May 3, 1902), was the only drug 
he found of use against Bilharzia. 

Derivatives of acndine, especially acnflavinc- 
3 ’O-diammo- 10-methyl acridimum sulphate and 
rofiavine-3 6-diammo acridine sulphate, have 
een shown to be somewhat supeiior to malachite 
green when used for wound diessmg Originally 
prepared for Ehrhch, their selective action on 
nacteria was first tested at the Middlesex 
Hospital, London. For wound dressing, the 
derivatives are made up as soaps, gelatine, or 
starch mucilages 

Linked benzene derivatives. Both the chemi- 
cal constitutions and the germicidal activities 
of the higher boiling tar acid fractions are as yet 
unknown. The direct linkage of two phenoloid 
groupings or linkage through =CH 2 , =CHOH, 
=CHOX where X is an aliphatic group, in 
some cases elevates the germicidal powers. 
Lmkage ohrough =CO or =S02 groupings is 
said to depress the coefficient. 

Aromatic nitro- and halogen substituted coni- 
poundSf such as nitro-benzene, have often been 
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proposed as disinfectants, but are precluded 
by their odours, poisonous action, and sparing 
solubility. Tnmtrophenol, ‘ picric acid,’ is 
rapidly fatal in saturated solution (about 1 p c ) 
to bacteria and spores, but effuses yellow 
stains, IS irritant and very poLsonous Cotton 
wool, soaked in the solution, is used very success- 
fully in the aseptic treatment of burns , hence 
it IS recommenefed by H M Inspector of Explo- 
sives to keep handy for this pin pose I’hc It W. 
coefficient is about 0 Fotassium dinitro-oitho- 
cresol, ‘ Antmonnm,’ 1 m 400, is destine tivo to 
all common injuiious parasites, and does not 
injure plants. 

Tnchlorphenol lias been used at Pctiogiad 
as a disinfectant It is said to be 25 times 
stronger than caibolic acid 

liydiocAirbom, — Petroleum, mainly consisting 
of hydrocarbons of the parafiin senes, has long 
been a well-known insecticide, and is mentioned 
by Mai CO I’olo in the 13 th century lus used to 
kill acari in mange 

For protecting burns and wounds from 
exposure, vaiious substitutes for ‘ambime,’ 
consisting essentially of paiallin wax oi asj)halt 
with a fatty oil have been suggested ( H M J 
1917, 789) 

A J Hull iiitioduci's into these burn dress- 
ings ‘ scailct r('d,’ ‘ biilliaiit green,’ llavine,’ 
and (iK-hloramme-T on account of tlieii antiseptic 
action 

Naphthalene is feebly antisejitic, but is not 
a disinfectant It is useful by its odour to diive 
away domestic insects 

It has bei'ii stated that aiticles are disin- 
feetod by dry-cleaning with pcti oleum -ben/me, 
or by benzene Parrel and Ilowh^s (J Soc 
Dyeis, 190S, 24, 109, lOO), howevei, Imd that 
acting on infected thicads foi (>] houis, nut her 
benzene (OgH^) nor petrolcum-ben/ine killed 
ii/pho6U3, wheieas carbon totiachloi ide killed 
it in 30 minutes, whilst ‘ benzine soap,’ dissolved 
in benzine, has no gc'imicidal power 

Ether is used for steiilising tatgut 
Essential oils and camphors, l^erfumes, 
chiefly composed of terpones and then oxidised 
products {eg the camphois, menthol, thymol, 
and eucalyptol), have a limited sanitary value 
All of them are very spanngly soluble in water, 
but impart to it a more or less antiseptic effect 
Eaily estimates of their power have not been 
concordant, chiefly owing to their having been 
tried variously in aqueous or alcoholic solution, 
or in suspension A saturated solution of 
thymol in water (0 3 pc) arrests fermentation 
and putiefaction Peppermint (containing mai- 
thol and menthane) has had a high rejiutation, 
and a number of recipe-s for ‘ plague watei,’ 
have it as a basis The use of hops in biewing 
partly rests on the power of the essential oil to 
check fermentation ‘ Terebenc,’ made by the 
action of 11^804 terpentine, was once reputed 
as a disinfectant, but now hardly figures except 
as terebene soap Among other artificial pio- 
ducts from turpentine are lerpin hydrate (said by 
Colpi to arrest the growth of tubercle bacilli 
in 0 25 p c. strength), and ter pineal (anthrax is 
stated to be killed by 1 p.c., and staphj^lococci 
by 10 p.c m 60 mmutes . (H. Maix, infra, 
alsoD R V 207576, 1906)) 

Camphor is much spoken of as a personal 
prophylactic, but there cannot be sufficient of 


the vapour to sterilise the air It is an in- 
gredient in many remedies lor cholera and 
cliarrhma, and m several ‘ block disinfectants ’ 
such as ‘ Sanoscent,’ ‘ Camphortar, &c Kuca- 
lyptm globulus and other species which have 
long been famous as antimalarial, are largely 
planted on the Continent in marshy districts. 
The essential oil is decidedly germicidal, havmg 
a carbolic acid coefficient of 1 2, and has been 
given with some success in typhoid, and also 
against tajic- and threadworm. 

Ptnol is a liquid of similar character from 
Finns piimilo H Marx has mvcbtigated the 
action of various perfumes on anthrax and S 
pyog auieus (Centr Pakt 1903, [1] 33, 74). 
Robert (Chem Zentr 1907, i 419) finds that the 
tei penes have, by themselves, m general only a 
weak antiseptic action The propoi tions needed 
foi steiilismg exceed the solubility in water, and 
can only be reached by a spirituous solution or 
an emulsion 

But it has been lecognised, since Hchonbem 
pointed out the fact about 1840, that essential 
oils have a disinfectant power conferred on them 
by their slow oxidation in the presence of an 
and moisture, wheieby ozone is produced , that 
as long as air and oil aio present, the ozone is 
continually regenerated and absorbed, forming 
oxidising and .intiseplic pi oducts, winch dissolve 
in the water, along with peroxide of hydiogen 
This was the principle of the ' Sanitas ’ patent 
274, 1876 

Pyridine, quinoline, and related bodies. 

Fyudtne is volatile, mixes freely with w«iter, 
and IS stiongly insecticide, but has a veiy un- 
})le.asant odoui, which has militated against its 
use in hoi tic ult lire Tobacco smoke, indeed, 
owes its ])oweis, not to nicotine, which is almost 
entirely decomposed by the heat, but to the 
products pyiidinc and its homologues, winch 
aie formed Tcssmaii destioyed the bacilli ot 
cholera and pneumonia by tobacco smoko 
passed for 10 to 30 minutes thiough a tube con- 
taining infected nutrient gclatm Wynter 
Blyth killed the bacillus of nasal catarrh by 
I p c solution of pyridine and its homologues 
(from bone oil), or l)y tobacco smoko There is 
proof that smokers and workers m tobacco enjoy 
comparative immunity from epidemics, but 
pyrichne inhalations (e y m asthma and whooping 
cough) require care, as it is a cardiac depressant 
The above experiments confiim the general 
view that disinfectant preparations containing 
the basic constituents of coal tar aio to bo pie- 
fericd to those which only include the phenols 

Tobacco juice, of course, contains nicotine, 
and in Fiance is sold as an insecticide under an 
official guarantee as to its nicotine strength 
In England, a solution of the pure base in water 
IS sometimes used as more definite Richard’s 
cakes for fumigation are mcotme and camphor . 
the writer found a sample in 1909 to contain 
1 17 p c of nicotine and to be completely volatile 
at a gentle heat. 

Chinosol 18 potassium - oxyquinoline - sul - 
phonate C^IlgNO OSO3K, a yellow powder 
easily soluble in water to an acid yellow solu- 
tion, which does not stam, has only a slight 
aromatic odour, is permanent on keeping, is not 

E oisonous, and does not coagulate albumen It 
as been patented as a disinfectant, and more 
especially as an antiseptic. Klein compared its 
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dction on ^ pyog. aureus^ B colt and miihracis 
with that of carbolic acid, and reports that a 
solution of the latter of 1 m 20 strength is re- 
quired to kill aureus or coU in 5 minutes with 
certainty, whereas chinosol does this in a 
strength of 1 m 150 Anthrax spoies are not 
appreciably affected m 48 hours by 5 to 6 p c 
carbolic, whereas chinosol of 1 p c acts gcrmici- 
dally on them in 5 minutes. In the writer’s 
laboiatory, B coli was not sensibly affected after 
4 hours by 1 in 1000 cliiiiosol, whilst 1 in 2000 of 
HgCl, produced sterility under the same con- 
ditions in 15 minutes, so that it is difficult to 
explain the much higher ^lowers that some 
observers have found for chinosol Thresh and 
Sowden state that chinosol spiay of not less 
than 1 pc, IS a reliable disinfectant ( J San 
Inst Jan 1903) Houston did not succeed in 
killing B coll in cxcieta by 1 in 75, and on linen 
by I m 62 (Practitioner, 1902, 331) On account 
of its acidity, it acts on non and steel Alkaliru' 
solutions inteifcie with its power the wiitei 
showed that a soap contaimng 5 p c of i*hinosol 
was inferior to a 0 5 mercuric iodide soap 
F G Muller reports encouraging icsults with 
chinosol ill leprosy (Zcitsch Oest Aiioth Vei 
XXXV 858) ‘ Cresochin ’ (Pharm Ccntialhalle, 

xxwii 247) IS said to be a neutral sulphonate ot 
quinoline and tiicresol, which is r(‘( ommended 
fui thsmfectmg iubtiiimcnts, as it does not 
darken the steel 

Jchlhyol — Vaiious derivatives fiom sul- 
pliurated tars and fossilised fish or petiole urns 
jiave been suggested for mild disinfection and 
the treatment of skin diseases Ichthyol 
ammonium uhthyol sulphurated has been com- 
pounded with various substances, such as 
albumen, formaldehyde, and metals, such a'^ 
silver and mercuiy, undoi a variety of names 

Qmriiuc, which has a c|uinoline nucleus, 
probably owes its action ag<iinst feveis lus mu( h 
to its antisejitie powei as to its effect on the 
nervous system 

A Raal(Lffiarm Zeit 1909, xlv 5()9) asseits 
that strongly lluoiescent bodies much increase 
the a( tion of sunlight on organisms, wliilst they 
are almost inert m the daik A 1 in 20,000 
solution of acridine lulled mfusori.i, exposed to 
sunshine in 6 minutes , in the daik th(‘y sur- 
vived for 24 houm 8imilar results were noted 
witli quinine sulphate and with eosin 3’he 
mfeience is that the effect is caused by th(‘ 
lluorescont lays Fluorescein has been patented 
as an antiseptic by Turpin, chiefly for toilet 
preparations (Fr Pat 346363, 1904) The 
biomofluoiesceins, particularly eosm, are found 
to have greater power He claims a laige 
number of other phthalem compounds as dis- 
infectants 

(’ertaiii faults of many antiseptics and dis- 
infectants in the free state have led to an 
immense number of attempts to improve them 
by convertmg them into various derivatives 
Although the effort to produce new proprietary 
substances, has given rise to a multitude of often 
misleading titles, many of these preparations have 
been proved to have utility The modifications 
may be generally classified as follows — 

1. Metallic salts . — Compounds with the alkalis 
or earths are generally less active than the free 
substance Other medals have been introduced, 
with the object of adding their special properties. 


as A1 for astrmgcncy, Zn, Cu, Ag, and Hg for 
developing germicidal effect ; but it must be 
remembeied that a combination of this kind, 
though it may ha\e some lateral advantages, is 
commonly weaker than either agent singly 
Tlic same remark applies to the two next 
gioups 

2 BuhsUtuted compoimds — Those with iodine 
aie exceedingly iiumeious, including a large 
number which have been impiovMuents on 
iodoform when it was unduly valued M’here 
organic ladicals (basic like methyl or ethyl, acid 
like acetyl oi benzoyl) aie mfioduced, the 
phybiological [)roperties aie usually cntiiely 
altered 

3 /i's/ci.s, hulplionic, and othei colligated 
compounds which, while less poisonous or 
iriitant than the parent bodies, slowly yield the 
latter by giadual decomposition Seveial of 
these have piovcd of great \alue 

As already indu ated, the propiietaiy 
articlas of tins nature bcaiing fancy names are 
veiy numcious Siru e the Privy (‘ouneil Oidcis 
of 1900 and 1002, the uncontiolled sale of liquids 
containing upwards of 3 p c caibolic acid or its 
homologues is piohihitid, and the geimicidal 
value of tile moie insoluble and higher boilmg- 
pomt tai acids has been ucogmsid 3’lu' 
genciality of comnicicial dismhTlant ffuids are 
now practically free from caibolic acid, and, in 
comparison with the latter, aic non-jioisonous 
'Diesc disinfectant picjiarations sliould not lie 
ejnj)loy(‘(l to cl(^slroy icsistant sjioies witJiout 
jirolongid exposuK' , accoidmg to the natuie 
and amounts of active ingrcdumts picsent, they 
aic usually gcimicidal with non-spoiulating 
I organisms m dilutions lai greatin than is the 
(aso wntli alisolute jilumol However, the 
stiength of thc\se projirietaiy ai tides vanes 
considerably, and be>oii(l the j(H(unements of 
! geimicidal value spi'cihcd in (ontiacts with 
! vaiious authoiities, theic is at picsent, un- 
I foitunatcly, no legal < oiitrol ovci th(‘ cfficicm y of 
I disinfectants as sold to the public Theie aie 
I instance's of so-called disinfectants which I'li- 
I joyed gK'at populaiity and even wi'ie advocated 
I by the medical piofc*ssion, ;yct possessed little 
j OI no germ-killmg power under the conditions 
I in which they woulci be employed 
j »Since the adoption of the K W test, theie 
I has befell a steady use m the eff k lency of com- 
I mercial disinfectants 

I The Mechamsin of Di^iufccfwn — Kionig and 
Paul, in 1897, liist dicw attention to the lela- 
tionship between geimicidal action and the 
ionic concentration of certain germicidal ions 
such as mercuiion, argention, hydrion, and 
formulated the rule that the geimicidal activity 
of a solution was proportional to the ionic 
coni entration of the germicidal ions More 
recent work, such as that of Kitasato, Horrocks, 
and Winslow, on the common acids, and more 
especially the development of the orgaiio- 
mctailic group of disinfectants, indicated that 
this generalisation was by no means coriect 
Ehrlich and his pupils attributed to disinfectants 
the possession of at least two specific piojierties, 
the presence of an organotropic and a parasi- 
totropic grouping indicating the ‘ affinity ’ of 
the geimicide to living tissue and the parasite 
or bacterium respectively 

Neither of these theories will serve to 
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explain the phenomena observed in disinfecting 
with ionised and umonised solutions, with 
emulsions and other colloids. Bacterial sus- 
lensions must be regarded as suspcnsoids 
coated by, or containing, an emulsoid, and are 
.o be classed as definite colloidal systems 

The reactions between agglutin and the 
bacteria, similar to the reactions between toxins 
ind antitoxins, resemble in many respects 
uther the combination of a very weak acid and 
i weak base, a view advanceu and supported 

Arrhemus (‘ Immunochemie ’), or the usual 
ibsorption phenomena observed at colloidal 
lurfaces. Although experimental evidence (not- 
tbly that of Marsden, Nyman, and Chick, 
;amod out at the Listoi Institute) is not sufli- 
uently accurate to distmguish between the two, 
/et the other general characteristics of bacterial 
juspensions lead us to infer that absorption is 
the first stage of disinfection We can thus 
distmguish between the following types of 
action . — 

(1) Absorption of cations (ionic disinfectants) 
with simultaneous anion absorption, which may 
affect the activity 

(2) Absorption of substances m solution, c g 
phenol. 

(3) Mutual action between bactena and 
other colloids, such as emulsions (tar acids) oi 
suspensoids (colloidal metals) The next stage, 
common to all, is pencil ation and chemical 
attack by the absorbed disinfectant It is 
evident that the germicidal activity of a sub- 
stance after absorption is determined by its 
penetrative or mtradiffusive powers as well as 
its chemical reactivity or ‘ parasitotropic ' 
properties. The enhanced germicidal powers 
of the chloramine is doubtless duo to their 

{ lossession of a reactive — Nllg group, but it is 
)y no means clear that dyestuffs are germicidal 
on account of then possessing ceitain parasito- 
groupings or that then activity is not duo to a 
medium diffusivity accompanied by gradual 
decomposition into germicidal constituents 
It appears probable that moie light will bo shed 
on this somewhat complex subject by a close 
study of the phenomena of absorption and the 
mechanism of mtradiffusion of substances in 
colloidal material lather than by the develop- 
ment of the concept of ionic activity or postu- 
lation of ceitam parasitotropic groupings or 
valencies endowed with exceptional and un- 
expected properties 

Testing of lhstnfccia7its — Before 1881, when 
Koch introduced the use of pure cultures, tests 
depending upon the prevention of putrefactive 
changes in various orgamc infusions were mainly 
employed, and to a great extent the antiseptic 
or preservative value was noted rather than the 
actual germ-kilhng power (see first edition of this 
dictionary) Since then, an increasingly large 
number of investigators have worked upon 
practical methods of testing With the phenolic 
disinfectants, valuations were made upon the 
total amount of tar acids present, out the 
widely differing activity of these bodies, which 
18 also modified according to their physical con- 
dition on dilution (in sohittan^ tricresol has only 
one- third the germicidal value of that in emul- 
sion), has led to the general adoption of bacterio- 
logical tests 

In the *hread method (Koch), silk threads 


are impregnated with the test organism, ai 
exposed for a defimte^time to the action of t] 
diluted agent, and then, after the removal 
adhonng disinfectant, sub-cultures are inoc 
lated from the threads to determine the surviv 
or death of the organism (v. Lancet, July 3 
1900 ; and J R. San Inst. 1907, xxvm ). 
place of threads, small garnets can be employe 
(Kromg and Paul), stones of uniform size ben 
coated from cultures of the organism, and add 
directly to the disinfectant, sterility ben 
determined by inoculating sub-cultures , 
intervals (Zeitsch angew Chem 1901, xiv. xv 
The chief points to be considered are (1) tinu 
(2) ago of cultuio , (3) choice of modiui 

reaction of same , (4) temperature of incubatK 
and (5) of disinfection , (6) vanation in vit 
resistance of same species and (7) of differe 
species ; (8) proportion of culture to disi 

fectant In order to facilitate the comparis< 
of disinfectants, Rideal and Walker (J R. Sa 
Inst 1903, 424) suggested their carbolic ac 
coefficient method as the basis for a standai 
process In this test, which has been extensive 
adopted m England and abroad, the eflicienc 
of the disinfectant is expressed in multiples 
absolute phenol performing the same wor 
It IS brieffy as follows * add 5 drops of a \ 
hours’ blood-heat culture of the oigamsm • 
bioth to 5 c c of a paiticular dilution of t] 
disinfectant in sterile distilled water , sha] 
and take sub-cultures with a platinum loc 
every 2J minutes up to 15 minutes ; Inciiba 
sub-cultuics at 37° for 48 hours Allowii 
30 seconds for each operation, four differe: 
dilutions of the disinfec tant with one carbol 
control are tested against the same culture ai 
under strictly comparable conditions F 
example . 




Minute 

s 21 

') 

n 

10 

12 i 

Disinfectant 

1 

.500 

+ 

— 

— 

— 

_ 


1 

550 

4* 
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1 

. (500 

4“ 

+ 

4- 

— 

— 

,, 

1 

700 

+ 

+ 

4- 

4- 

4- 

Carbolic acid 

1 

no 

+ 

4- 

~ 

— 

— 


Carbolic acid coefficient 


5.50 ^ 

110 =^ 


This test has for many years been official 
used by the War Office, Admiralty, India Offi' 
and other Government departments at hon 
and in the Colonies It is impossible in ar 
one test to include the greatly varying conditio: 
of practical disinfection, but numerous modific 
tions of the R W coefficient tost have be( 
suggested, mainly with the object of testing 
the presence of considerable quantities 
orgamc matter. IStorilised sea-water, urin 
sewage, starch, and gelatine emulsions, nutne: 
broth and milk, have been incorporated with tl 
diluting water — also testing with orgamsms 
their natural environment, as with coli 
sewage, m place of pure cultures A sec 
mentation test for emulsified fluids allows 
1 p c solution to stand 24 hours before prepani 
final dilutions for testing (Lancet, Sept 19, 190^ 
The Lister test ’ ((J J. Martin) is made in tl 
presence of 3 p c of faeces, previously steiilise 
dned, and powdered. Sims Woodhead ai 
Ponder ( J. Path, and Bact. 1909, 148) replace t] 
inoculating loop by platmum spoons, used wii 
a special sterilising apparatus, and extend ti 
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time to 30 minutes. A mean coefficient is taken 
for two values obtained at the beginning and 
end of the experiment with B. cdt and sub- 
culturing into McConkoy’s bile-salt fluid. The 
Lancet (Nov. 1909) has suggested, in conjunction 
with the above method, a chemical analysis for 
the valuation of emulsified fluids as follows 
10 grams of disinfectant with 100 c c. of water 
and 15 grams baryta, are heated for 30 minutes 
at 100° under a reflux condenser, then cooled 
and decanted through asbestos, washmg with 
warm baryta water ; the tar acids aie exti acted 
with ether from an aliquot portion of the 
filtrate, after adding calcium chloride and 
acidifying with Hd, dried at 38", weighed, and 
their bromine absorption determined Neutral 
liydrocarbon oils are extracted from the baryta 
residue with acetone, and the insoluble soaps and 
resins treated with HCl and shaken out with 
ether For estimation of water, 25 grams of 
the sample are acidified witli 10 c c. of 10 p c 
HjS 04 and shaken with 25 c c of white petro- 
leum spirit, taking the volume less 10 c c of the 
aqueous layer after standing In presence of 
the higher phenoloids, the weight of tar acids 
obtained is too low The coefiicients obtained 
for B coll were found to be approximately one- 
third of the difference between the percentage of 
tar acids and the bromine value 

In the United states, the National Hygienic 
Laboratory method of L Anderson and T B 
McfJlintic (1912) IS now widely adopted Tlie 
method, which follows closely the H W in 
technique, differs in the following points of 
detail . The standard tempeiatiire of medication 
of 20°C^ , instead of 18°C' , is adopted 0 1 c c 
of broth cultuie is added to 5 c c of disinfectant 
solution instead of 5 drops 'Phe coefficient is 
determined from the mean of the following two 
reactions — 

Weakest strength of disinfectant which kills in 
2^ minutes 

Weakest sticngth of phenol that kills in the 
same time 

and the similar latio for death m 15 minutes 
From time to time various modifications 
have been introduced in which solid media 
such as nutrient agar have been substituted 
for broth An emulsion of an agar slope culture 
of an organism is made with the various disin- 
fectant dilutions and phenol controls, whilst the 
sub-culturmg is cither performed direct into 
agar slopes or spread out on agar plates, thus 
permitting counts to be made Nutrient agar 
made up with fresh meat is certainly less 
inhibiting than standard broth, whilst certain 
advantages attend the use of plates, giving 
approximate data as t6 the number of organisms 
surviving after specified periods of disinfection, 
as against the ‘ end point ’ method of the fluid 
media tests These advantages are nearly 
entirely negatived by the difficulty of obtaining 
a uniform agar streak growth emulsion for 
medication, and the extra labour involved in 
plating a number of tests 

The germicidal power expressed in terms of 
carbolic acid with B typhosus is shown for a 
number of disinfectant substances in the follow- 
ing table ; while most of the figures are Rideal- 
Walker carbolic acui coefficients, some of the 
results have been obtained by modifications of 


the onginal test as noted, and these are obviously 
not comparable with the others. 


Agent 

lermitidal value 

ObH^rver 

Absolute alcohol less than 0 1 

F. 1905 

Acetic acid 
Acctyl-coumanc 

06 

R mi 

acid . 

4 5 


Aniline . 

0 57 


o-Toluidine 

1 00 


wi-Toluidine . 

1 3 


Benzoic acid . 

about 5 0 

R 1910 

Boric acid 

less than 0 1 

W. 1904 

Bromine water 

64 

R. 1910 

(Jadnimm chloride 1 65 

R. 1911 

Cadmium sulphate 1 0 

R 1911 

Chinosol 

0 15-0 30 

Various observers 

Chlormc water 
Copper sulphate 

28 

) 

R. 1910 

(calculated 
on CuSO^) 

[ 2-0 

R 1910 

Cresylic acid 



commercial . 

3 7 

R. 1908 

o-Creaol . 

2 1 


p-fVesol 

2 4 

M & C. 1912 

m-Crasol 

2 0 


Eucalyptol 

1 2 

L. 1904 

Formaldehyde 

0 55 

R 1907 

Ditto 

0 75 

W 1904 

Formic acid 

5 7 

R 1907 

Guaiacol 

Trimethylome- 

0 9 

L 1904 

thoxy-phenol 

40 

W 

Quinol . 

1 1 

M &C. 

Catechol 

0 48 

M &C 

Hydroc kloric 

F 

' M 1906 (with 

acid . 

Hypochlontcs ] 

1 58 

faeces and urine) 

(calculated 1 
on ‘available! 

146-220 

Various observers 

chlorine’) ) 
Ditto with 50 



p c urine . 

8 

K 1906 

Iodine water . 
Iodine trichlor- 

100 

R 1910 

ide 

94 

R 1909 

Lactic acid 

1 8 

R 1910 


Mercuric chloride 400-3540 Various observers 
2 3-Dihydroxy- 
naphthalcne 4 4 

2 7-I)ihydroxy- 

naphthalene 2 8 

Potassium per- 
manganate . 42 do 

Picric acid . 0 0 

Pyrogallic acid 0 22 M. W. B 1006 
Resorcin . 0 30 do 

Silver mtrate . 15 8 R 1910 

Sodium bisul- 

phate .41 R. 1908 

Sulphate . 0 09 

Zinc chloride . 0 15 W 1906 

M W B , Meredith WynterBhth, F M , Firth and Mac- 
fadyen, F , Majoi Fowler , K , Klein ; L , Lodwidge ; 
MAC, Morgan and Cooper , 11 , llideal, W., Walker. 

The extremely high values once given for 

mercuric chloride were due to the powerful 

inhibitory action of the traces carried over with 
the sub-cultures m the inoculations. 

S & E R. 

DISPARGEN. Trade name for a form of 
colloid mercury. 
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D1SP£RMIN. Trade name for piperazjne 
DISSOCIATION V . Chemical affinity 
DISTHENE V , Kyanite. 

DISTILLATION. The object of distillation 
IS the separation of a volatile liquid from a non- 
volatile substance, such as pure water from sea- 
water, or more commonly tlie separation ot two 
oi more liquids of different volatility 

The apparatiLs required consists essentially 
of foul jiarts a still or boUer, a (Eig 1), in whitli 



the liquid is boiled , an upright tube or Iiead, b , 
a condensing tube, c, sloping downwaids and 
cooled by suitable means — a Liebig’s comlensiM’, 
L, tliroiigh which a current of water is passisl, 
being genoially employed in tlic laboiatoiy , 

i lastly, a receiver, k, 

to collect the <lis- 
tilled liquid Th(i 
form of ajipaiatus 
shown in Fig '1 
I is convenient foi 

j 1^ many purposes , 

I the still, the head, 

C N and the condensing 

tube aie scaled to- 
Fig 2 get her in one piece 

The still IS 

usually heated by the tiamc of a Bunsen 
burner , for veiy volatile and intiammable 
lic[uids a water-bath is giuierally used, but the 
rate of distillation can be better regulated by 
a very small flame in contact with the bottom of 
the still , the Liebig’s condenser is unnecessary 
for liquids which boil above 1()(F or ITO*^ if the 
condensing tube ls faiily long Foi many jmr- 
poses, notably foi distil hition uridei i educed 
pressuie, it is convenient to employ an electri- 
cally heated eoi) of platinum, Germ<in silver, or 
nichrome wire as the source of heat (Richaids 
and Matthews, J. Amer Chem Soc 30, 1282 , 
31, 1200, Bickmann, Zeitsch physikaJ. Chem 
64,506, Bailey, J Amer Clum Soc 33, 447, 
Kosarioff and Easley, ibid 31, 964) 

If the temperature at which tlio licjuid boils 
is to be ascertained with accuracy — and this is 
generally the case m fractional chstillation, espe- 
cially in the final purification of a liquid — the 
following pomts should be attended to — 

1 The thermometer should be carefully cali- 
brated, and it would be a gieat ad\ antage* if all 
thermometers were compared with an air tJier- 
mometer, for different kinds of glass expand 
very differently when heated, and therefore two 
thermometers, constructed of different varietms 
of glass, will give different readings, especially 
at high temperatures 

2 The zero point of the thermometer should 
be redetermined from time to time It is a good 
plan to heat the thermometer for several hours 
to about 300° or 360° before calibratmg it ; the | 
subsequent o!.anges of zero pomt, which other- | 


wise might be considerable at high temperatures, 
are thereby greatly reduced (Crafts, Compt 
rend. 95, 910 , also several earlier papeis) 
Thermometers treated in this manner may now 
be purchased 

3 All thermometers, except those which do 
not legister temperatuies highei than 60° oi 70°, 
should con tarn mtrogen to pievcnt volatilisation 
of mercury in the heated stem ; if the thermo- 
meter IS provided with a small bulb at the top, 
rise of pressuie owing to compression of the gas 
in the thermometer is avoidecl 

4 The thermometer should, if possible, be 
so placed in the apparatus that not only the bulb 
but also the column of mercury in the stem is 
suiroundcd by the vapour of the boilmg liquid , 
otherwise the following collection, whic h, at the 
best, IS somewhat uncei tain, must be applied — 
N == length of column of meicuiy in scale degiee 

not heated by vapoui 

T = tempciatuie of vapour (the appiovimatc 
tempciature dncctly rcacl on the tliei mo- 
meter IS usually sullu imitly a( cuiate) 
t - m(‘an temjieiatuie of column of mcicury 
not heated by vajiour Tins temper atuie 
may be aj)pioximatc‘ly ascci tamed by 
attaching a small theimometer to the other 
by mcaiLS of thin mdiaiubber bands oi wne, 
with iks bulb at about the middle of the 
unheated column 

Coirection add 0 000143(T <)N 
• The coefficient 0 OOOK) is usually emjjloyecL 
but Holtzmann pointed out that this is too high, 
and adoiited the number 0 000135 'riioipt , 
however (Cliem 8oe Turns 37, 159), has 
sliown that the coelliuent 0 000143 gives the 
best results ^ The table for the collection of 
theimometer leadings is taken fiom 'I’horpe’s 
papei, and shown m next column 

Foi fuitliei infoimation v. article on Theii- 

MOMKIEUS 

5 When the amount ot liquid in the bulb is 
veiy small, the vapour is liable to be supei heated 
by the flame, and unless the bulb of the thermo- 
iimter ls thoioughly moistened with condensed 
lic£Uid, too high a temperature will be legisteied 
If a very little cotton wool oi, for temperatures 
above 230°, a little fibrous asbestos be wiajiped 
round the bulb of the thermometer, it lemams 
thoroughly moist, and with a pure licjuid the 
theimometer registers a peifectly constant tem- 
per ature until the last trace of licj[uid in the bulb 
has disappeared (Kamsay and Young, Chem 
8oc Trans 47, 42) 

6 The baiomcter should always be read, and 
corrected to 0°, and in a long distillation or in 
unsettled weather it should be read frec|uently, 
for the boiling-point vanes greatly with the 
pressuie The observed boiling-point is corrected 
to that under normal pressure Iby means ot the 
formula e=c(760— p)(273+/), where 6 is the 
correction in ccntigracle degrees to be added to 
the observed boilmg-pomt, , c is a constant ; 
and p IS the barometric pressure. For the 

^ Bimbach (Boi 22, 3072) has ccjiistructcd tables of 
corrections by interpolation fioni experimental data up 
to 220° for two kinds of thermometer graduated in 
degrees, and up to 100° for thermometers graduated in 
tenths of a degiee All these thermometers were con- 
structed ot Jena glass, and from the results it would 
appear that the form of the ther iiometer, and doubtless 
also the nature of the glass, have a notable influence on 
the magnitude of the correction. 
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majority of liquids the value of c may be taken, 
without serious error, to be 0 00012 ; but for 
water and the alcohols it is about 0 '000 10, and 
for a few liquefied gases it is considerably higher. 
A table of corrections was first given by Crafts 
(Bor 20, 709) The values of c for a largo 
number of substances have been collected and 
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of the apparatus will bo considered under Frac- 
tional distillation. 

The cmdemer . — For very volatile liquids, the 
condensing tube must be cooled by ice or a 

freezing mixture (pounded ice 

and salt or ice and concen- V ri L^ 
trated hydrochlono acid, &c ) 

In this case, a spiral or 

‘ worm * tube should be used 

(Fig 3). Condensation of a. 

moisture in the receiver is pre- 

vented by the drying tube a 

V Condensers. 

The receiver — If a liquid 
boils at a very high tempera- Fia. 3 
turo, or if it suffers decom- 
position at the ordinary boilmg-pomt, it may 
he necessary to distil it under reduced pressure 
For cases of simple distillation, the apparatus 
shown in Fig 4 may be employed, but if the 




distillate is to be collected in separate portions, 
as m fractional distillation, the removal of 
the receiver would necessitate the admis- 
sion of air into the apparatus and a 
fresh exhaustion after each change This 
inconvenience may be obviated by the employ- 
ment of stopcocks arranged in such a manner 
that air may be admitted into the receiver and a 
fresh one put in its place while the distillation 
bulb remains exhausted (Tborner, Ber 9, 
1808 , F D Brown, Chem Soc. Trans 36, 
554, L T Thorne, Ber 10, 1327 (Kig 5), 



tabulated by Young (Chem. vSoc Trans. 81, 777 ; 
Fractional Distillation, 13) 

The various parts of the simple apparatus 
(Figs 1 and 2) may require modification under 
certain circumstances. 

The still — For larger quantities of liquid, a 
tin or copper vessel is preferable to glass. 

The head — The modifications of this part 


Fio 5 

Lothar Moyer, ihid 20, 1834, Wade and Mem- 
man, Chem. Soc. Trans. 99, 984 ; Rosanoff and 
Easley, Ic ; Rosanoff, Bacon and White, J. 
Amer Chem. Soc 36, 1806) Or again, a series 
if receivers on a revolving stand placed under 
an exhausted bell-jar may be empRyed (Gorboff 
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and Kessler, Bcr. 18, 1363, Bruhl, ibid, 21, 
3339 (Fig. 6)). 

Many liquids absorb moisture from the air or 
are acted upon by oxygen, and in these cases 
special precautions must be taken, the moist air 
in the apparatus being expelled and replaced by 
dry ait, carbon dioxide, nitrogen, or hydrogen ; 



the receivers must also be protected by drymg 
tubes (For example, r Thorpe, Chem. Soc 
Trans 47, 120, Young, 59,923 ) 

Theory of distillation, — Investigations of the 
vapour pressures of liquids have thrown much 
light on the subject of distillation If a pure 
liquid be confined in the space above the mer- 
cury in a barometer tube, it will evaporate until 
the pressure of its vapour —measured directly 
by the depression of the mercury column — has 
reached a definite amount, which, for a given 
substance, and,^if hquid be still present, depends 
solely on the temperature From the readmgs 
of pressure at various temperatures we may 
construct a curve to illustrate the relations of 
temperature to pressure for a given substance, 
but this curve has a twofold mcamng, for it 
represents not only the vapour pressures at 
definite temperatures, but also the boiling- 
points of the liquid under definite pressures 
Thus the vapour pressure of pure water at 
100° is 760 mm of mercury at 0^^ ; and under a 
pressure of 760 mm water boils at 100°. Again, 
the vapour pressure of wat-er at 0° is 4 6 mm , 
and if the pressure in a distillation bulb con- 
taining water be reduced to 4 6 mm , the water 
will boil at 0° The truth of this general state- 
ment was conclusively proved by Rognault 
(M6m de I’Academie, 21 and 26) 

Regnault also investigated the behaviour of a 
few mixed and heterogeneous liquids, which he 
divided into three classes : (1) liquids which 
are quite or almost insoluble in each other; 
(2) hquids winch are miscible only within cer- 
tain hmits ; (3) liquids which mix in all jiropor- 
tions, Regnault employed both the statical and 
dynamical methods of investigation ; that is to 
say, he^determined, on the one hand, the vapou 
pressures of the liquids at vanous temperatures 


in the barometer tube, and, on the other hand, 
the boiling-points of the liquids under vanous 
pressures. 

The behaviour of two hquids, A and B, when 
brought into contact with each other, must bo 
affected (a) by the attraction of the like mole- 
cules ; those of A for each other, and those of 
B for each other , and {b) by the mutual attrac- 
tion of the molecules of A and B If the attrac- 
tion of the unlike molecules is relatively very 
slight, it may be expected that the liquids will 
be non-miscible, or nearly so, as in the case of 
benzene and water If the attraction of the 
unlike molecules is greater, but still relatively 
small, niLSCibility within limits may be expected, 
as, for example, with anilme and water. In such 
cases there is frequently slight expansion and 
slight absorption of heat on admixture. Com- 
parmg together vanous pairs of liquids, as the 
mutual attraction of the unlike molecules 
increases relatively to that of the like molecules, 
the following changes may be expected ; {a) 
increasing and finally infimto miscibility ; (6) 
slight expansion, diminishing to zero, and 
followed by increasmg contraction ; (c) diminish- 
ing absorption of heat, changing to increasing 
heat evolution These changes do not, in many 
cases, run strictly pan 'fxissUy and among 
liquids which are miscible in all proportions, 
it is not unusual to find a small amount of 
contraction attended by a slight absorption of 
heat, as, for example, when a little water is 
added to normal propyl alcohol, but when 
certain compounds, such as chlorobenzene and 
broraobenzene, which are chemically closely 
related, are mixed together, there is no appreci- 
able change of volume or temperature For 
such substances it is probable that the different 
molecular attractions, A for A, B for B, and 
A for B, are very nearly equal, and that the 
relation suggested by Galitzme (Wied. Ann 41, 
770 ; and by D Berthelot, Compt rend. 126, 
1703), namely, that holds good, 

where represents the attraction of the 

unlike molecules, and and Wg the respective 
attractions of the hke molecules 

It would appear, then, that there are two 
very simple cases I that m winch the 
hquids are non-miscible ; II that of two 
infinitely miscible and closely related liquids 
which show no heat or volume change on 
admixture 

I. It was found by Regnault that when two 
non-miscible liquids are placed together over the 
mercury in a barometer tube, the observed 
vapour pressure is equal to the sum of the 
vapour pressures of the two liquids when heated 
separately to the same temperature. It is only 
necessary that both substances should be 
present in sufficient quantity, and that the 
tube should be shaken or sufficient time allowed 
for the evaporation of the heavier liquid. The 
liquids evaporate independently of each other, 
and Dalton’s law of partial pressures is therefore 
applicable to the distillation of non-miscible 
hquids. Each vapour behaves to the other as 
an indifferent gas, and the boiling-point of 
each liquid depends on the partial pressure of 
its own vapour The temperature is necessarily 
the same for both liquids, and the total pressure, 
if the distillation is earned out m the ordinary 
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maimer, is equal to that of the atmosphere. 
The boilmg-point is, therefore, that temperature 
it which the sum of the vapour pressures of the 
jomponents is equal to the atmospheric pressure. 
For example, at 90*23° the vapour pressure of 
ivater is 530*1 mm ; and that of chlorobenzene 
s 210 1 mm. ; total, 740*2 mm ; and it was 
ound that when chlorobenzene and water were 
iis tilled together under a barometric pressure 
:)f 740 2 mm , the temperature varied only 
[letween 90 25° and 90 35°, until there was 
jcarcoly any chlorobenzene left in the residue, 
vhen it rose rapidly to 100° The boihng- 
30int of a pair of non-miscible liquids is neces- 
lanly lower than that of the more volatile 
component, and may bo far lower than that of 
»he less volatile. 

The process of (hstillation with steam is 
irery frequently employed m the case of sub- 
itances of high boiling-point, which are insoluble 
)r only slightly soluble in water, such as aniline 
)r nitrobenzene (For the application of steam 
hstillation to the preparation of ethereal oils, 
;. von Rechenbcrg, Thcone der Gewinnimg 
ind Trennimg der athenschen Ocle durch 
Destination, Schimmel & Co 1910 ) 

The composition of the vapour — and there- 
ore of the distillate — from two non-miscible 
iquids, like the vapour pressure and boiling- 
loint, IS independent of the relative amounts of 
he components, provided that both are present 
n sufficient quantity and that evaporation can 
.ake place freely Calling the vapour densities 
and Dj,, and the vapour pressures at 
7^ and Inhere will be, m a litre of the mixed 
'^apour, 1 litre of A at t° and mm., and I litre 
)f B at and pj, mm The weights of vapour 
viU therefore bo : 

) 0899 X X 273 X p^ 0 0899 X X 273 X Pjj 
"(273T0 'x 760 (^3-f 0)^60 

espectively, and the relative weights will be 
^ (Naumann, Bor. 10, 1421, 1819, 2014, 

X Pb 

1099 ; Brown, Chem Soc. Trans 35, 547) 

The vapour density of chlorobenzene is 56 2, 
md that of water is 9 ; and at 90 23° the 
elative weights of vapour will be 

m\ 66 2x210*1 

— — =2 475, 

9X530 1 

.nd the percentage weight of chlorobenzene 
inll be 71*2. In the actual experiment to which 
eferenco has been made, the percentage of 
hlorobenzene m the distillate was found to 
►e 71*4. Both boilmg-pomt and vapour 
omposition agree well with the calculated 
alues 

II The vapour pressure of a mixture of 
wo infimtely miscible liquids which are chemi- 
ally closely related to each other, or, probably, 
JT which /y/ is given by the formula 

00p=Mp^+(100— m)Pb where m is the mole- 
ular percentage of A, and p, p^, and pg are 
he vapour pressures of the mixture and of 
L and B respectively, at the same tempera- 
ure, t°. In other words, the relation between 
apour pressure and molecular composition is 
epresented by a straight line (Van dor Waals, 


Proo Roy Acad. Amsterdam, 3, 170 ; Young, 
Chem. Soc. Trans. 81, 768 ; Young and Fortey, 
tbid. 83, 45 ; Zawidski, Zeitsch physikal. Chem. 

35, 129; Vanstone, Chem Soc Trans. 97, 429; 
Puce, ibid 115, 1116) The relation has been 
found to hold accurately for chlorobenzene and 
bromobenzene, and with very slight error for 
other pairs of closely related liquids 

In order to calculate the boiling-points of all 
mixtures of two such liquids under a given 
ressure, p, the vajiour pressures of each must 
e known at all temperatures between their 
respective boilmg-pomts under that pressure 
The percentage molecular composition of 
mixtures which would exert the vapour pressure 
p must then be calculated at a senes of tempera- 
tines between these limits by means of the for- 
Pn—P 

mula M = 100 . Lastly, the values of M 

Pb~Pa 

must bo plotted against the temperatures, when 
the curve drawn through the points will give 
the reqmred relation between boiling-pomt and 
molecular composition In the cases examined, 
the agreement between the observed and cal- 
culated lesults is quite satisfactory 

The relation between the composition of a 
liquid mixture and that of its vapour (distillate) 
has been the subject of many experimental 
investigations (Brown, Chem Soc Trans 35, 
547; 39, 304, Lehfeldt, Phil. Mag. (v.) 46, 
42 , Zawidski, Zeitsch physikal Chem 35, 129 , 
(^arveth, J Phys Chem 3, 193 ; Wmkelmann, 
Wied Ann 39, 1 ; Lincbarger, J Amer Chem 
Soc 17, 616; Gahl, Zeitsch physikal (ffiem 
33, 179 ; Rosanoff, Lamb, and Breithut, ihid 
66, 349 ; Rosanoff and Easley, J Amer Chem. 
Soc. 31, 953 , Rosanoff, Bacon and White, ibtd 

36, 1803 ; Rosanoff, Bacon and Schulze, th%d 
36, 1993 ; Rosanoff and Bacon, ibid 37, 301 and 
1072) Special attention may be directed to the 
last four of these papers. Unfortunately, how- 
ever, it is only in a very few cases tiiat the 
mixtures investigated consisted of closely related 
liquids (Young, Sei Proc Roy Dubl Soc 15, 
N S , 667) In the discussion of their results, 
Lehfeldt and Zawidski made use of formula 
which they derived from a general equation 
proposed independently by Du hem and by 
Margules, and it is to be noted that both formulae, 
in the simplest cases, can bo reduced to one 

m\ m. 

originally given by Brown, — , =c — , where 

m jj mg 

m\ and m'g are the relative weights of the two 
substances in the vapour, m^ and mg the Relative 
weights in the hquid, and cis a constant. From 

Zawidski’s formula it would follow that c=~. 

Pb 

So far as experimental evidence is available, it 
would appear that Brown’s formula is applicable 
to mixtures of liquids for which g= a^, 

Pa 

and that for closely related liquids 

Another formula, which gives good results, 
IS proposed by Rosanoff, Bacon and Schulze 
(foe. at.) 

When the components of a liquid mixture 
are not chemically closely related, the relation 
between vapour pressure and molecular composi- 
tion IS not, as a rule, represented by a straight 
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line, but by a curve, and, in all probability, the 
form of the curve depends on the relation between 
jj and as shown in Fig 7. That is to 

say, when 

and VKC vft-ia 

The gie.iter the difference between r/^ ^ and 
«j 3 the greater will be the curvature , and it 
will be seen that, for any given values of and 
if the deviation from straightness exceeds 
a certain limit, there must be a point of maximum 
or minimum pressure on the ouive It is 
obvious, also, that the smaller the difference 
between and the smaller will bo the 
deviation required to give a maximum or 
minimum pressure If aj^ is so much smaller 
than a / that the two liquids are only 
partially miscible, the maximum pressure will 
not bo represented by a single point, but by a 
horizontal line forming yiart of the curve 

The influence of chemical relationship is 
well seen by the behaviour of the monhydne 
aliphatic alcohols towards water. These alcohols 
may bo regarded as derivatives of water, formed 

by the replace- 
ment of a hydro- 
gen atom by the 
group + 

the smaller the 
alkyl group, the 
closer IS tne re- 
lationship of the 
alcohol to water 
At the oidinary 
temperature me- 
thyl alcohol IS 
miscible with 
water in all pro- 
portions, as also 
arc ethyl and propyl alcohols, normal butyl 
and ?sobutyl alcohol are only partially mis- 
cible with water , and the solubility of the 
higher alcohols iii water dimimsheii with rise of 
molecular weight, cetyl alcohol, for examjile, 
being practically insoluble. The volume and 
heat changes on admixture with water similarly 
indicate tliat the attraction of the unlike mole- 
cules diminishes as the fliolecular weight of the 
alcohol increases Lastly, the deviation of the 
vapour pressure curves from straightness 
increases (Konowalow, Wied Ann. 14, 34), as 
may be seen from Fig 8 

rrhc temperatures are such that the vapour 
pressure of each jiure alcohol is 400 mm ) 

The boiling-points of liquids which are not 
closely relatocl cannot, as a rule, be calculated 

by means of the formula M-=100^^ If, 

as is usually the case, the vapour pressures of 
the mixtures are higher than are given by the 
formula lOOp = M^a + ^ 

served boiling -pomts will bo lower than the 
calculated ; if the vapour pressures are lower, 
the boiling-points will be higher. Moreover, 
when there is a point of maximum proosure on 
the curve which sh^ws the relation between 
vapour pressure and molecular composition, 
there must be a point of minimum temperature 


on the boiling-point — molecular compositic 
curve, the composition of the mixture whic 
exerts a maximum vapour pressure, p, at 
being the same as that of the mixture whic 
has the mmimum boilmg-point, under tf 
pressure p 8o, also, two substances capab 
of forming a mixture of mimmum vapor 
ressure can also form a mixture of rnaximui 
oihng-point 

Such mixtures of either minimum or maximui 
boiling-point, when distilled, boil at a constar 
temperature without change of compositioi 
like pure substances, and they have frequontl 
been mistaken for chemical compounds TI 
composition, however, depends on the pressur 
which would not bo the case with a definil 
compound, and, moreover, mixtures of minimui 
boilmg-pomt are formed owing to the relativel 



Fig 8 


small attraction of the unlike molecules fc 
each other A very striking example of th 
influence of pressure on the composition of th 
mixture of constant boiling-pomt has bee 
observed by Wade (Chem Soc Trans 99, 997 
in the case of ethyl alcohol and water Unde 
normal pressure the mixture of mmimum boiling 
point contains 4 43 p c of water At liighc 
pressures the percentage of water is slight! 
higher , at lower pressures it is smaller, an 
it IS remarkable that the diminution in th 
percentage of water becomes more and mor 
rapid as the pressure falls, so that below 80 mn 
no mixture of mimmum boilmg-pomt is forme 
at all V also Mernm.in, thid. 103, 628 an* 
1790. 

In the case of three liquids, if each of th 
three possible pairs is able to form a mixture c 
mmimum boilmg-pomt, it may happen that 
particular mixture of all three liquids will bo 
constantly at a lower temperature than will an 
of the pairs or single liquids Thus benzene an 
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water form such ternary mixtures of minimum 
boilmg-point with ethyl, n-propyl, tsopropyl, 
and tertiary butyl alcohols (Young, Chem. Soc 
Trans. 81, 707 , Fortey and Young, ibid 81, 
739) 

A table of mixtures of constant boiling -point 
IS given in Young’s Fractional Distillation, 
67-69 Other mixtures have since been dis- 
covered by Wade (Chem Soc Trans 85, 938 , 
87, 1656 , V also 95, 1842), and by othci 
observers The subject has been exh.iustively 
studied by Lecat, La Tension do Vapour des 
Melanges deLujuides, FAz^otropisme (Brussels, 
1918) Lecat has collected the data published 
by other chemists, and has himself mvcstigated 
more than 2000 mixtures, and has discovered and 
tabulated a very great number of binary mixtures 
of minimum boiling-point,and a moderate number 
ot binary mixtures of maximum boiling-point, 
and of ternaiy mixtuies of minimum boiling- 
})oint. Ho has also observed the dependence of 
the composition of the azeotropic mixtures on 
the piessure in a consideiablo number of cases 

The composition of the vapour fiom a 
mixture of lupiids whic h are not closely related, 
cannot, as a rule, be calculated from the vapour 
prcvssures of the components and the composi- 
tion of the liquid, but for purjioses of interpohi- 
tion the formuLe of Lchfcldt, Zawidski or 
Bosanod may be found useful (/ c ) Rosanoll, 
Bacon and iSchul/e (/ ( ) have disco\ eicd a simple 
and very useful solution between the paitial 
pressures (number of molecules) of the com- 
ponents in the vapoui and the vapoui jiicssuies 
of the mixture and of the two pure sulistances 
They give a foimula which is applicable even 
when mixtures of maximum or minimum vapour 
pressure are formed 

Fractional distillation. It heus been stated 

that Brown’s formula, , =c , is appli<*ablc 
m 

to mixtuics of all closely related lupiids so fai 
investigated, and that, in all piobabiiity 

c = The value of c is necessaiily such that 

Pii 

the vapour is nchci tlian the liquid in the more 
volatile component The hrst portion of 
distillate obtained by condensation of ih(‘ 
\apour will, therefore, be richer, and tlio 


residual liquid will bo shghtly poorer in that 
component. Contmuing the distillation, the 
vapour evolved from the residual hquicl will 
again bo richer than the hquid m contact with 
it in the moie volatile component, though 
poorer than the hrst portion of vapour If 
successive poitions of vajiour bo condensed, the 
percentage of the more volatile component in 
tho distillates oi fnu turns will steadily dimmish, 
until, if the constant o diftem greatly from unity, 
tho residue will consist of the less volatile liquicl 
in a puio or vciy nearly jjuro state As the 
distillation proceeds, the tcmperatuie will, there 
fore, rise until, if c has a high value, tho boilmg- 
pomt of the less volatile component is reacheef 

If tho fi actions obtained in tho hist distilla- 
tion were rechstilled, each of them could be 
separated into smaller fractions, the first richci 
and tho last pooler in the more volatile com- 
ponent, and by a jirocess of systematic fiaetional 
distillation it should, theoretically, be possible to 
effect a scpaiation of both components 

A mathimiatical and expeiimeiital investiga- 
tion (Ban ell, Tlioinas, and Young, Phil Mag 
(v ) 37, 8) of the behaviour on distillation of 
mixed liquids which follow Bi own’s law, showed 
that with two components it is the liquid of 
luglmr boiling-j)Oint which is the easiei to 
separate ; and that if theio aio three or more 
components boiling at faiily equal intervals of 
teinpeiature, the substances of intei mediate 
boiling-point are tho most difficult to separate, 
and tho least volatile substance is the easiest 
*SVr also Loid Bayleigh, Phil Mag [5] 4, 527, 
and Rosanotf, Baker and Schulze, J Amei 
Chem Soe 3b, 1993 

'riie method em])loyed for the fi.ictional 
distillation of a mixture of two lupiids can best 
be exjilained by taking a comietc ex.imjilo A 
mixtuio of 100 giams ot ben/ene (bji 80 2°) 
and 100 gi«ims of toluene (bp 110 6°) was 
slowly distilled, and the distillate was collected 
in a eouvcnu'iit numbei of fractions, tho leceiveis 
being ehangc'd when tho boilmg-pomt leached 
certain dehnite picMonsly arianged tempera- 
tures, the actual leadings lieing conccted foi 
barometric piessuie and for ciiois in the 
therniometei scale The results of the first 
four fiaetioiiations, and also of the ninth, arc 
given in ’fable 1 
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In the first distillation the temperature rose 
almost at once to 86° (corr ), and the first 
portion of distillate was therefore collected m 
receiver 4 On the other hand, the temperature 
reached 110 6° befoic the whole of the bqiiid 
had come over ; the residue, therefore, con- 
sisted of pure toluene 

The distillate in receiver 4 was now jilaced 
in a smaller flask and distilled, fi actions being 
collected in receivers 2, 3, and 4 When the 
temperature reached 89 2°, the flame was 
removed, and the contents of receiver 6 were 
added to the residue in the still The distilla- 
tion was recommenced, and fractions were 
collected in receivers 3, 4, and 5, the flame being 
removed when the temperature reached 92 2° 
The distillation was contmued in a similar 
manner until, after addition of the contents of 
receiver 12, the temperature rose to 1 10 6°, 
when the residue of pure toluene was added to 
that from the first fractionation. The third 
and fourth fractionations were carried out like 
the second In the subsequent fractionations 
the temperature ranges of the middle fractions 
were gradually increased and those of the lowest 
and highest fractions diminished It was not 
until the mnth fractionation that pure ben/enc 
began to be collected Eventually 81 4 grams 
of pure benzene and 88 8 grams of pure toluene 
were recovered. 

Full details of the systematic fi actional 
distillation of mixtures of two liquids and thiee 
liquids, and of more complex mixtuies, are given 
m ‘Fractional Distillation,’ 114-143 

If the components of a mixture are not 
closely related, the composition of the vapour 
cannot, as a lule, be calculated by Brown’s 
formula, but even in such cases the percentage 
of the more volatile component in the vapour 
will be greater than in the liquid, and the 
separation by fractional distillation is theoreti- 
cally possible, unless the deviation of the 
vapour pressure-composition curve from straight- 
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ness is so great that a mixture of maximum or 
mmimum vapour pressure is formed. 

For mixtures to which Brown’s law is 
applicable, it may be stated quite generally 
that the greater the difference between the 
boiling-points of the compounds, the more 
readily can a separation be effected by fractional 
distillation, but for other mixtures the form of 
the curve representmg the relation between 
boilmg-pomt and mmecular composition, if 
known, must be taken mto account. If the 
curve fo’* two components were of the form a 


(Fig. 9), the substance of higher boiling-point 
could be separated very easily, but the more 
volatile component only with great difficulty, if 
at all On the other hand, if the curve were 
of the form 6, nearly horizontal at the higher 
temperature, the more volatile component 
would be comparatively easy, and the less 
volatile difficult to separate. The first case is 
frequently met with, the second seldom. With 
tuives of the form c and d (Fig 10) it would not, 
under any conditions, bo possible to separate 
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both components by distillation of any given 
mixtuic, but it would be possible to separate 
the mixture of mimmum oi maximum boiling- 
point from that component which was in excess 
In a case represented by curve c, where the 
minimum temperature corresponds to the 
molecular composition q, the distillation might 
proceed in either of three ways ( 1) If the liquid 
mixture had the composition g^, it would distil 
unchanged in composition at the constant 
minimum temperature , (2) if the molecular 

percentage of A were less than q, the liquid 
would tend to separate mto two components, 
the more volatile of which would be the mixture 
of minimum boilmg-pomt, and the less volatile 
the substance B , (3) if the molecular percentage 
of A were greater than q, the components 
separable by distillation would be, first, the 
mixture of mimmum boilmg-pomt, and, second, 
the liquid A A well-known case of this kind 
IS that of normal propyl alcohol and water ; 
the boilmg-points under normal pressure are : 
water, 100° ; w -propyl alcohol, 97*2° ; mixture 
of mmimum b p. 87 7°. This mixture contains 
43 2 molecules p c. of the alcohol ; it was 
described for many years as a hydrate of 
propyl alcohol. If the curve had the form d, the 
mixture would distil like a pure hquid if it had 
the composition r, or it would tend to separate 
mto two components, the first being either 
A or B, accordmg as the molecular percentage 
of A in the original mixture was greater or less 
than r, and the second the mixture of maximum 
boilmg-pomt. Formic acid and water behave 
m this manner, as shown by Roscoe (Chem. Soo. 
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Trans. 13, 146 ; 16, 270). Boiling-points ; water 
100° ; formic acid, 99 9° ; mixture of maximum 
b.p., 107 1° ; molecular percentage of acid in 
mixture, 66 7°. 

If, as with ethyl alcohol and water (Fig 11), 
the mixture of constant boiling-point distils at 
neaily the same temperature as one of the two 
pure liquids, it is impossible to separate that 
liquid 111 a pure state by distillation In this 
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case, as the curve is exceedingly flat at the lower | 
temperature (Noyes and Warfel, J Amer Chem i 
8oc. 23, 4()3), it IS practically impossible to , 
separate the mixture of minimum boiling-point | 
(containing 4 43 p e by weight of water) in a | 
pure state even when water is m excess, although 
it is quite easy to separate pure water from dilute 
spirit. 

The correct interpretation of the results of 
the fractional distillation of a complex mixture 
may bo rend(*rcd very difllcult by the following 
causes. (1) the presence of 


eflficient still-head, it became evident (Fig 12) 
that two components, t^opontano, b p. 27 95°, 
and normal pentane, b p. 36 2°, wore present 
(Young, Chem Soc Trans 71, 440) Again, in 
the early fractionations there appeared to be no 
indication of the presence of any component 
boiling between 40° and 60°, but liy tabulating 
the values of AwjAt, it was seen that a very 
small quantity of a liquid boiling at about 60° 
was present, and a distillate commg over almost 
constantly at 49 6° was eventually obtained. 
A chemical and physical investigation of this 
distillate showed, however, that it was a mixture 
of pcntaraothyleno and a hexane of low boiling- 
point The presence of benzene in American 
petroleum is indicated by the formation of 
dimtrobenzeno, when the distillate from, say, 
60° to 80° IS treated with mtnc and sulphuric 
acids (Schorlemmer, Annalen, 127, 311) But 
when the petroleum was carefully fractionated, 
it was found that the small fraction coming over 
at about 80° yielded no dim tro benzene, the 
greater part being obtained from the fractions 
below 70° This anomaly is explained by the 
fact that benzene forms a mixture of constant 
boiling-point with -hexane, coming over at 
almost the same temperature as the paraffin 
The amount of benzene being relatively small, 
the whole of it distils over at the low tempera- 
ture In Russian petroleum the percentage of 
benzene is so much greater that some of it 
comes over at its true boiling-pomt, 80 2° 
(Young, Chem Soc Trans 73, 005) 

(For a detailed chscussion of the mteipretatioii 


two components boiling at 
nearly the same temperature ; 
(2) the presence of one or more 
components m i datively veiy 
small cpiantity , (3) the forma- 
tion of mixtuies of constant 
boiling-point It is only by 
plotting the total weights of 
distillate against the tempera- 
tures, or by dividing the weight 
of each fraction, Aw, by its 
temperature range and tabu- 
lating the ratios AwjAt, that 
the results are likely to be 
understood, and in any case, 
the existence of a mixture of 
constant boiling-pomt may not 
be discovered, and it may be 
difficult to decide whether a 



distillate collected at a practi- Weight of Distillate in hectograms 

cally constant temperature con- 
sists of a smgle pure substance j2. 

or of two liquids boiling at 


nearly the same temperature 

All the above difficulties are met with in the 
fractional distillation of petroleum, which 
contains homologous and isomeric paraffins, 
polymethylcnes and their alkyl derivatives 
(naphthenes) and aromatic hydrocarbons, Rus- 
sian petroleum bemg i datively nch, and Ameri- 
can petroleum poor iii naphthenes and aromatic 
hydrocarbons When American petroleum was 
carefully distilled, it appeared at hrst as though 
the distillate commg over between the ordinary 
temperature and 40° contained only a smgle 
component, boilmg at about 33° ; but by sys- 
tematic fractional distillation with a very 


of the results of the fractionation of complex 
mixtures, v Fractional Distillation, chap 19 ) 
Improved still-heads. It would be quite im- 
possible to effect really difficult separations by 
means of the ordmary apparatus employed for 
distillation, and various modifications of the still- 
head have been devised m order to increase its 
efficiency Even when the separation is an easy 
one, much time and material may be saved by 
the employment of efficient still-heads Great 
pi ogress was made m the improvement of the 
still-head in commerce — notably for the better 
6epv.raticn of alcohol from weak spirit — before 
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any advance was made in ilio laboratory. It 
will, however, be more convenient to consider 
first those forms of apparatus which are suitable 
for laboratory purposes 

In choosing or constructing a still-head, the 
first point to be considered is its efficiency in 
separating the components of a mixture. It 
frequently happens, however, that the quantity 
of liquid available is small, and it is therefore 
important that the quantity of condensed 
liquid in the siill-head at any moment shall be 
as small as possible If the residual liquid is 
to value, it is also of importance that the 
condensed liquid in the still-head shall all return 
to the still after the source of heat is removed 
In comparing the efficiency and usefulness 
of different still-lieads, it ls necessary always to 
distil a mixture of the same comjiosition , and 
the rate of distillation must always be the same, 
because the efficiency of any still-head is greatly 
diminished by increasing the rate In the 
comparisons mentioned in this article, equal 
weignts of pure benzene and pure toluene were 
employed, and the distillate was collected at the 
rate of one drop per second Unless otherwise 
stated, 60 grams of the mixture were distilled 
Of all possible forms, the plain vertical still- 
head IS the least efficient During distillation, 
as the vapour rises up the cylindrical tube, the 
outer part of it comes in contact with the eon 
densed liquid flowing down the sides of the 
tube Since the tube is constantly losing heat 
by radiation and by conduction to the surround- 
ing air, this liquid is constantly cooled and 
fresh condensation constantly goes on, the 
outermost layer of vapour probably condensing 
almost completely with little change of com- 
position Tne central portion of vapour uses 
rapidly up the tube, and can only reach the liquid 
by diffusion or by convection cuiicnts, and 
much of it may pass thioiigh the still-hcad 
without reaching the liquid at all , the con- 
densed liquid, on the other hand, flows rapidly 
back to the still In order, howe\or, that a 
satisfactory separation of the components may 
take place, as much of the vapour as possible 
should come m contact with the hot condensed 
liquid, so that equilibiium, as regards conijiosi- 
tion, may be brought about all thiough the tube 
The efficiency of a ])iain vertical 
still-head is, roughly, proportional to 
its length For tubes of equal 
length the efficiency is lowest when 
the internal diameter is about 14 mm. 
On the other hand, the quantity of 
Inpiid and vapoui in the still-head 
increases regulaily with the width 
of the tube ; it is tluTeforo better 
to use very narrow rather than very 
wide tubing 

Better contact between liquid 
and vapour, and therefore greater 
efficiency, is ensured by sloping the 
middle part of tlie tube, the extre- 
mities being kept vertical, and the 
efficiency is further improved by 
bending the sloping portion so as to 
form a spiral In Young’s ‘ rod and 
Fig 1.3 disc ’still- head {Fig 13), the downflow 
of part of the condensed liquid is 
greatly retarded by the discs on the central glass 
rod, and this liquid is protected from the cooling , 



action of the air , at the same time, eddies and 
cross-currents are produced m the vapour The 
increase in efficiency caused by the introduction 
of the easily constructed rod with discs is very 
marked "V^urtz (Ann. Chim. Phys lii. 42, 129) 
recommended a vertical tube with a series of 
bulbs blown on it, and Young has shown that 
the efficiency is somewhat increased and the 
amount of liquid in the still-head is greatly 
dimmished by blowing pear-shaped instead of 
sphencal bulbs on the tuoe (Fig 14) The ‘ rod 
and disc’ and ‘pear’ still-heads are specially 
suitable for liquids of high boilmg-pomt 

Greater efficiency, combined with diminished 
condensation of liquid m the still-head, is 
attained in Young’s ‘ evaporator ’ column, one 
section of which is shown in Fig 15. The 



Fig 14 Fig 15. 


vapour iiscs up the inner tube, passes down 
between the innei and middle tubes, and up 
again between the middle and outer tubes, and 
so reaches the section above The liquid con- 
densed in the upper part of the still-head falls 
in drops from tne depicssion at the top of the 
section on to the flattened top of the inverted 
middle tube, and spreads itself over its surface, 
falling again in drops from the bottom of this 
tube The temperature of the vapour passing 
through the inner tube of any section bemg 
higher than the boilmg-pomt of the condensed 
liquid fallmg on to the inverted tube, re-ovapora- 
tion takes place to some extent, and, if theie is 
much difference between the boihng-points of 
the components of the mixture being distilled, 
ebullition may actually occur The quantity of 
condensed hquid in the still-head is thereby 
greatly reduced. The ‘ evaporator ’ still-head 
IS specially suitable for accurate work where 
great efficiency is required (Chem Soc. Trans. 
75, 679 , Wade and Meruman, zbid 99, 984) 

The ‘ Hempel ’ still-head (Zeitsch. anal. Chem. 
20, 502) consists simply of a wide vertical tube, 
filled with glass beads of special construction, 
and constricted below to prevent the beads 
from falling out A short, narrower vertical 
tube with side delivery tube is fitted by means of 
a cork into the wider tube The advantages 
of the Hempel apparatus are simplicity and 
efficiency, but the amojmt of liquid in the still- 
head IS excessive. Raschig employs thin rings 
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of copper or some other metal in place of the 
glass beads, the depth of a ring bomg about 
equal to its diameter. Lessing uses split rings, 
the metaJ being also bent ‘inwards across the 
ring, thus (J) These rings are easier to con- 


struct and give a larger surface ; they give very 
good results Rings are much lighter than 
beatls 

The results obtained with vanous still-heads 
are given in Table II. 
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In many of the still-beads employed on the 
largo scale, for example in the (Coffey still (Fig 28), 
the condensed liquid is caused, by means of 
suitable obstructions, to collect into shallow 
pools, and the ascending vapour has to force its 
way through the-se pools , very good contact is 
thus brought about between vapour and liquid 
at definite mteivals The excess of liquid is 
carried back from pool to pool, and finally to the 
still by suitable trapped reflux tubes. It is 
convenient to reserve the term ‘ dephlegmator 
for this class of stdl-hcad The ‘ Le Bel- 
Henninger ’ (Fig 16) and the Glinsky ’ (Fig 17) 
dephlegmators have been very frequently 
employed for laboratory work, but they do not 
give good results when small quantities of 
liquid are distilled ; the dephlegmators of 
Brown (Chem Soc Trans. 37, 49) (Fig 18) and 
of Young and Thomas {ibid 75, 670) follow the 
principle of the Coffey still more closely, and are 
much better in this respect. 

In a comparison of the Glinsky, Le Bcl- 
Henmnger, and Young and Thomas dephleg- 
mators, each with three sections, it was found 
that when 400 grams of the mixture of benzene 
and toluene were distilled, there was not a 
great difference in efficioncy, but the Glinsky 


I was the least satisfactory With 50 grams of 
the mixture the differences (Table 11) were 
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oolumn the highest temperature reached was 
only 107*6°, ana the residue, when distilled from 
a very small bulb, came over between 102*2° 
and 110*4° No pure toluene was therefore 
obtained, and the residue left in the still was 
distinctly less pure than the last portion of 
distillate collected With the Le Bel-Hennmger 
column the highest temperature was only 
107*25°, and the residue began to boil at 105 7° ; 
with the Young and Thomas column the tem- 
perature just reached 110 6°, and the residue 
Dogan to boil at 110 4°. The ‘rod and disc,’ 
the ‘ pear,’ and the ‘ evaporator ’ still-heads 
gave better results when only 25 grams of the 
mixture were distilled, the residue in each case 
consisting of pure toluene These results show 
that for small quantities of liquid the Young 
and Thomas dephlegmator gives much better 
results than the Glinsky or Le Bel-Hennmger, 
but that none of them is so satisfactory as the 
other still-heads. 

In order that a dephlegmator may give the 
best results, the following requirements should 
be fulfilled *1 It should be possible to greatly 
increase the number of sections without seriously 
increasing the fragility of the apparatus 2 As 
the amount of condensed liquid flowing back at 
any level is greatest at the bottom and least at 
the top, it follows that, in order to form a pool, 
more complete obstruction is requiied at the top 
of the column than at the bottom 3 Since the 
amount of condensed liquid m the still-hcad 
should bo as small as possible consistently with 
ofhciency, the reflux tubes should not be wider — 
m that part which is fllled with liquid dunng 
distillation — than is necessary to cairy back the 
liquid freely, and the traps should be no deeper 
than IS required to prevent the ascending vapour 
from forcing its way through them On the 
other hand, the upper pait of the reflux tubes 
should be wide, so as to facilitate the entrance 
of the hquid 4 There should bo a rapid flow 
of condensed liquid through the reflux tubes, 
otlierwise the change m composition of the 
lupiid in these tubes will lag behind that of the 
distillate 6 There should be a reflux tube 
connecting each section with the one below it, 
so that the change in composition may be 
regular from top to bottom of the column In 
this respect the Glinsky dephlegmator is entirely 
wrong in principle 6 When the distillation is 
completed, the residual liquid should return as 
completely as possible from the still-head to the 
still In this respect the dephlegmators as a 
class are less satisfactory than the other still- 
heads. 

By surrounding the still- head with water or 
any other liquid, the temperature of which is 
kept as little above the boiling-pomt of the more 
volatile component as will allow of vapour 
passing through, a considerable improvement in 
the separation is effected. The temperature of 
the bath, however, requires very careful regula- 
tion if the boiling-points of the components are 
near together, or if one component is present m 
large excess, for in either case a fall of a fraction 
of a degree would cause complete -condensation 
of the vapour, while a slight rise of temperature 
would prevent any condensation from taking 
place, and there would be no fractionation what- 
ever In constructing a regulated tempera ure 
still-head, it is advisable to bend the tube into 


the form of a spiral, because its effective length 
mav thus be greatly increased without unduly 
addmg to the height of the bath, and also 
because the spiral form is more efficient than the 
vertical But Rosanoff and Bacon (J. Amer. 
Chem Soc 37, 301) find that an annular form of 
r^ulated temperature still-head is far more 
efficient and quite as simple as the spiral tube 
form This class of still-head 
was first recommended by 
Warren (Annalen, 8uppl 4, 

51) A better apparatus was 
described by Brown (Chem. 

Soc Trans. 37, 49 ; 39, 617) 

(Fig 19) A combination of 
a regulated temperature still- 
head and dephlegmator was 
employed by Young and 
Thomas {ibid. 71, 440) for 
the separation of normal 
and 150-pentane from petro- 
leum. 

Experiments to test the 
relative eificiencv of these 
various forms of apparatus 
have been made by Kreis 
(Annalen, 224, 259 , Claudon, 

Bull Soc chim 42, 613 ; 

Brown, Chem Soc Trans 
37, 49 ; Young, ibid. 75, 

679, Fractional Distillation, chaps. 10, 11, and 
14 ; Friedrichs, Zeitschr Angew Chem , 32, 
341) 



Fio. 19. 


Continuous distillation of wort has long been 
carried out on the large scale by means of the 
Coffey still (Fig 28) In 1902 Carveth (J Phys 
Chem 6, 253) and Lord Rayleigh (Phil Mag. 
VI 4, 521) independently suggested apparatus 
intended for use in the laboratory Tne liquid 
to be distilled (or its vapour) is introduced 
continuously into the middle part of a long spiral 
or other still-head, the lower part of which is 
prevented, by means of a liquid or vapour-bath, 
from cooling below the boihng-pomt of the less 
volatile of the two components, while the 
temperature of the upper part is prevented, by 
means of a liquid bath, from rising above the 
boiling-point of the more volatile component. 
Lord Rayleigh obtained good results in the 
distillation of weak spirit It is probable that 
the method might bo made applicable to the 
distillation of mixtures of throe components 
(Fractional Distillation, 189) See also Rosanoff, 
U S Pat 1171464 Constant temperature zones 
are utilised to obtain products of the desired 
composition 

As many of the stills used m the arts are 
described under the headings Alcohoi., Ben- 
zene, Paraffin, &c , it will be unnecessary 
here to give a minute descnption of all of 
them, but an account of the principles under- 
lying the different methods will not bo out of 
place 

The still is usually made of copper or some 
other metal, but for speeial purposes other 
matenals must be employed. Thus for the 
distillation of sulphuric acid, vessels of glass or 
platinum are used ; for nitric acid, cast iron is 
found to be the best material ; stoneware or 
glass stills are employed for bromine and iodme ; 
and so on 

The still may be heated by the free flame 
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of a furnace or by steam. Fig. 20 shows an 
arrangement for heating a still with steam, 
which may be above the atmospheric pres- 
sure. 

When only a rough separation of the consti- 
tuents of a complex mixture is required, as in 



1^1 ^ 


Fig 20 

the preliminary distillation of coal tar, dephleg- 
mators or rectifiers are not employed, but the 
vapours pass directly from the still to the con- 
denser 

For the better separation of the components 
of a mixture, modified still-heads are employed 
A simple appaiatus, devised by Mansfield for the 
distillation of tar oils, is shown in Fig 21 , the' 
vapours are partially condensed in the still-head 
4, which is cooled by water, and the condensed 
liquid flows back into the still b, the purified 
vapour passing on to the condenser c 



A more perfect separation is effected by 
lloupier’s apparatus (Fig 22) In addition to the 
!olumn A, there is a series of bulbs, b, b, placed m 
k cistern containing brine, which may be heated 
)y steam by moans of the pipe c The vapour — 
)i benzene, for example — ^partially freed from 
ess volatile substances in the column, is further 
lurified by partial condensation in the bulbs, the 
ondensed liquid flowing back by the tubes d, d 
nto the column, while the purified vapour passes 
>n to the condenser by the pipe e. 

A very similar arrangement is seen in the 
i’rench column apparatus (Fig 23) The liquid 
i heated by a steam coil in A; the vapour is 


partially purified in the rectifier b ; it is further 
iroed from the less volatile components in the 



condensing apparatus c, and finally reaches the 
condenser i> 



In Savallo’s apparatus also the vapours pass 
first through a dephlegmator or analysing 
column, then through a 
surface or multi tubular 
condenser, which is pro- 
vided with a water supply, 
so regulated that its 
toinpciature is about that 
of the boiling-point of the 
liquid requiied , the liquid 
condensed in the regulated- 
temperature still-head re- 
turns to the dephlegmator, 
and the purified vapour 
passes on to the cold con- 
denser 

In most of the still-heads 
employed on the largo scale, 
the vapour first passes 
through a dephlegmator, 
the construction of which 
vanes considerably in dif- 
ferent cases Dubrunfaut’s 
dephlegmator, employed in 
the French column apparatus, is shown in 
F«g 24. Two others, devised by Savalle, are 
represented in Figs. 25 and 26. 
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Tn the Ergot dephlegmator an arrange- 
ment somewhat similar to the dome (Fig 24) 
IS used, but a large number of these domes are 
placed m each tray, and the condensed liquid is 
made to follow a zigzag course from the circum- 
ference to the centre of each tray 


n-r 



Fig. 25. Fra 26 


Th(‘ principle of the Htill-head in the Pistoiius 
still is quite different Tlic vapour, entenng a 
section (Fig 27) of the still-head, is deflected 
from centre to ciKumferenco by the flat dome , 
it then ])asses back to the centie above the 
dome, and is partially condensed by the water 
in the shallow vessel above It may be pointed 
out that if, in the Pistorius still-head, the ‘ loof ’ 


of the section were depressed at the centre 
instead of the circumference, the condensed 
liquid would drop on to the flat dome below, 
and the arrangement would then be somewhat 



Hinidar to that of the ' evaporator ’ still-head 
(Fig 15). Jn all probability the efficiency of 
the sf ill-head would then'by be greatly increased. 
Kubieischky (Ciu Pat 269965. 1913) has 
devised an excellent column in which the liquid 





falls in drops through jieiforated ])lates, whilst 
the vapour passi's freely ujiwards and down- 
wards, travelling from eentie to cucumferenee 
and fiom cireumfeiencc to centie altcinately, 
coming into intimate contact with the falbng 
drop*. 

A simple and efficient still-head hes been 
described by Foucar (Eng Pat 19999 of 1908) 
The column consists essentially of a helical 
septum which traverses the annular space 


! between two concentric cylinders. The vapour 
from the still passes up the long spiral passage 
before reaching the condenser. The inner 
cylinder can, if desired, be used as a thermostat, 
the column then actmg as a regulated-tempera- 
ture still-head Dutton (J. Soc. Chem Ind 38, 
45 T ) has described a still-head, suitable for 
laboratoiy work, somewhat similar m principle 
to Foucer’s A spiral of wire is wound round an 
1 inner closed tube which fits quite loosely in the 
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outer tube of the still-head. But excessive con- 
densation, with consequent priming, must be 
prevented by covering the tube with a thick 
layer of cotton wool The still- head is stated to 
give very good results 

A Hirsch (J. Ind. Eng Chcm 1910, 2, 409) 
recommends the use of a differential condenser 
in the still-head, m the form of a spiral of metal 
tubing, through which a current of water of 
regulated imtial and final temperature is caused 
to flow. The apparatus works easily and well 
so long as the temperature of the vapour leaving 
the still-head is considerably lower than that of 
the vapour entering it , but the difficulty of 
regulation increases greatly as this temperature- 
difference diminishes 

For work on the largo scale Hirach recom- 
mends the introduction of a differential con- 
denser between the lower and upper parts of 
a rectifying column 

In England, the Coffey still is largely used , 
it differs considerably from those described, in- 
asmuch as there is no large boiler, and the heat 
IS supplied, not from an outer fire or steam- 
jacket, but by the condensation of steam in the 
wort , moreover, the process is continuous The 
essential parts of the apparatus are shown m Fig 28 
(p 5()S) The wort is pumped from a reservoir a, 
up the j)ipe B, and passes <lown the '/igzag pipe 
rc, where it is heated by the a%scending vapours, 
then up tlio pipe d, from which it is <lischargcd 
into the column k Tt is prevented from falling 
through the perfoiated plates of the column or 
analyser by the ascencling vapours, but falls 
through the pipes p, f, from one plate to another 
until it reaches the bottom, when it is allowed 
to escape Meanwhile, steam is passed into the 
analyser p by the pipe h, and causes the wort to 
boil, so that by the time it has reached the 
bottom it IS completely deprived of alcohol 
The ascending vapours iorco their way throuirh 
the perforated plates of the analyser, a portion 
of the aqueous vapour being condensed by each 
washing, and the descending wort being thereby 
hi'ated On reaching the top of the column, the 
concentrated alcoholic vapour passes down the 
pipe K into the rectifier, and there ascends 
through similar perforated plates ; but m the 
rectifier it is not washed by wort, but by the 
weak alcohol formed by the previous condensa- 
tion of vapour Tins dilute alcohol, on reaching 
the bottom of the rectifier, flows off into a reser- 
voir, from which it is pumped into the top of 
the analyser, where it mixes with the descending 
wort In the upper part of the rectifier there 
are simply shelves, which compel the vapour to 
take the same zigzag course as the pipe which 
conveys the wort downwards The punfied and 
concentrated vapour then passes tnrough the 
pipe L to the condenser In modem continuous 
stills of the Coffey type there aio special 
arrangements for the separation of («) volatile 
impurities sach as aldehyde, (ft) pure rectified 
spirit, (c) fusel oil. For details the articles on 
Alcohol, etc , should be consulted S. Y. 

DISTYRENE Produced by heating 

styrene (q.v.) with hydrochlonc acid at 170* 
(Erlenmeyer, Annalcn, 135, 122) Also, together 
with dist5rrenic acid and carbon dioxide, by 
prolonged boiling of cinnamic acid with diluted 
sulphuric acid (Fittig, Ber 12, 1739-1744 ; 
Erdmann, Annalen, 216, 179-199). 


A colourless optically inactive oil, with a 
blue fluorescence, which gradually disappears ; 
sp gr. 1*016 at 15*; b.p. 311* On prolonged 
boiling yields toluene, wopropylbonzene, and 
some styrene ; whereas mefastyrene, produced 
from styrene on keeping, or heating m sealed 
tubes at 200° (Kovalevsky, Annalen, 120, 66), 
or with aqueous sodium bisulphite at 110° 
(Miller, ibtd. 189, 341), passes almost quantita- 
tively into styrene at 320” (Stobbe and Posjnak, 
tbtd 371, 259-286). 

Distyrene yields benzoic acid on oxidation 
with chromic acid ; and a crystalline dibromide 
GjgHjgBrg (m p. 102°) on brominating in carbon 
disulphide solution 

According to Stobbe and Posjnak (Annalen, 
371, 287-302), distyreneis ay-diphenyl-A^-butene 

CeH5-CH=CH-CH(CH3)-C«H, 

Dt styrene chsiilphomc aetd (dicmnamene 
disulphonic acid) CjgHi4(S03H)2, desenbed by 
Lange as obtained on heating 7-truxillic acid 
with sulphunc acid (Ber 27, 1410-1415), is 
therefore not a derivative of distyrenc 

Mid distyrene ; m p 1 24° ; obtained by 
distilling cinnamic acid or its calcium salt 
(Engler and Lcist, Ber (I, 250 ; Miller, Annalen, 
189, 340), and by passing Cgllg CaHgBr, over 
red-hot lime (Radziszewski, Ber 6, 494), has 
been shown by Erlenmeyer (Annalen, 372, 
249-251) to be stilbene. 

DISULPHO ACID S. Delta acid, 1 - Naphth yU 
am me A H-chsidphon^c acul v Naphthalenk 

DITA BARK. Satv'cen {Th J' Trans f3] 7, 
110) The bark of Alsionia scholais (R Br ), 
an apocynaceous tree found in India, the 
Philippines, Eastern Australia, and tropical 
Africa (Ber 11,2234) 

According to Hamack {ttnd 11, 2004; 
Chem 8oc Trans [2j 36, 332), it contains only 
one base, ditaine^ a basic glucoside, having the 
composition C22H,oN204 ; but Hesse (Annalen, 
203, 144; Ber 13, 1750, Pharm J 13] 11, 
251, 331) found in it three bodies ditamme^ 
C^glEftNO^; echitamine (cchitammonium hy- 
droxide), C22H28N204,H20, mcltiug With decom- 
position at 106° (this base is identical witli 
Harnack’s ditaine) ^ and cchitenine (^2o^27N^4» 
a brown amorphous mass, melting above 120°, 
soluble in chloroform, alcohol, and ether It 
dissolves m mtnc acid with the production of a 
purple-red colour which quickly passes through 
green into yellow 

The milky juice of this tree has the same 
properties as guttapereha ; when inspissated it 
softens m boiling w^ater, is soluble in turpentine 
and chloroform, and receivas and retains impres- 
sions A decoction of the bark is used as an 
astringent tome. 

DITAINE V Dita bark 

DITHION, Trade name for sodium dithio- 
salicylate : used as an antirheumatic. 

DITTANY. The root of Dictamnus aJhus 
(Linn ) ^(ord Hntacca^), a native of the 
south of Europe It contains a volatile oil, and 
also resin, bitter extractive matter, and gum , 
and was formerly employed in medicine, 
especially for the treatment of epilepsy (Aldis, 
Lond. Med. Gaz 19, 142). 

‘ Cretan Ditany ’ is the common name for On- 
qa'^um dictamnus (Linn ), a native of the Levant 

DIURETIN. A compound c f sodium 
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theobromine and sodium salicylate {v. Synthetic 
drugs). 

DIVICINE V. ViciNB. 

DIVI-DIVI. Divi-divi consists of the dried 
pods of the CcBsalpima coriancB (Willd ), a tree 
20-30 feet high, found in the West Indies and 
Central America The pods are about 3 inches 
long and J inch broad, are very thin, and 
frequently resemble in shape the letter S 
From 40 to 46 p c of tannin is present, which 
consists of ellagitanmn and probably also 
gallotannm. Extracts of this material have 
a somewhat unfortunate tendency to ferment, 
with simultaneous development of a deep-red 
colouring matter , but this can bo prevented to 
some extent by the use of antiseptics I>ivi-divi 
IS largely imported for the preparation of 
leather, and is also employed for black dyeing, 
but its use IS far more limited in this latter 
respect than myrabolans A. G P 

DOCIMACY or DOCIMASY. {Docimasie, Fr ) 
Ongmally the act or art of examimng by test 
{^oKifiaalay a test), applied in metallurgy to ex- 
periments made to determine the nature and 
purity of a metal ; in pharmacy, to the testmg of 
medicines and poisons , in medical jurispru- 
dence, to the different proofs to which the lungs 
of a new-born child are subjected, for the 
purpose of ascertaining whether it was bom 
alive or dead (Dunglison) Usually employed 
m chemistry as synonymous with assaying 
n-DODECANEDICARBOXYLIC ACID 

C0^H{CH2),2C02H 

Prepared by hydrolysing the diethyl ester 
obtained by the electrolysis of an aqueous 
solution of the monoethyl ester of subeiic acid 
(Brown and Walker, Annalen, 201, 123) , or by 
the oxidation of chaulmoogric acid, obtained 
from chaulmoogra seeds (Barrowcliffe and 
Power, Chem Soc Trans 1907, 568) , m p 123®, 
DODECATOIC ACIDS C12H24O2. 

1. Launc acid, found by Marsson m laurel fat, 
a glyceride obtained from Jjawnis nohilis (Linn ) 
(Marsson, Annalen, 41, 330) , also present in 
cocoa-nut oil (Gorgoy, ibid 66, 295), in pichunn 
beans, in Dika broad, and m the fruit of Cyheo- 
daphne ftehijera (Oudemans, Zeitsch Chem 
1867, 256) ; m p 43 5 , (m p 47 5®-48°, Leveno 
and West) ; sp gr 0 883/20® and 0 875/43 6® ; 
bp 225 5° (100 mm ) 

2 Hordeic acid is found among the products 
of the distillation of dried barley with dilute 
sulphuric acid ; forms crystalline plates ; 
m p 60® (Beckmann, J. 1855, 513). 

DOG-TOOTH SPAR. The scalenohedral form 
of calcspar {v Calcitb or Calcspar) 

DOLERITE. An igneous rock composed 
essentially of plagioclase-fclspar (labradorite to 
anorthite) and augite, and of the same general 
chemical and mineral composition as the coarse- 
grained plutomc gabbros and the fine-grained 
volcanic basalts, but intermediate in texture 
between these two extreme types. Other 
minerals may also bo present, especially olivine, 
giving the vanetios olivino-dolente, enstatite- 
dolerite, hornblendo-dolorite, mica-dolente, 
and quartz-dolerite. Accessory minerals, usually 
present, are magnetite ana ilmemte , and 
secondary minerals, produced by alteration, 
include quartz, calcite, epidote, chlonte, . nd 
serpentine. Dolerites occur as intrusive veins. 


dykes, and sills ; and very often they pass 
imperceptibly mto basalts. The texture may 
be coarse enough for the individual mineral to 
be distmguishable to the unaided eye, or it 
may bo so fine that these can only be distin- 
guished in thin sections under the microscope 
In the latter case the rock is compact and dark 
greenish- black or black in colour. Often, owing 
to the presence of secondary minerals, the colour 
18 distinctly green, and the rock is then fre- 
quently included under the general term 
‘ greenstone.’ The specific gravity ranges 
from 2 8 to 3 0, and the crushing strength is 
about 1500 tons per square foot The following 
analyses are of dolente from I, Rowley Regis, 
Staffordshire ; II, Clee Hill, Shropshire ; III, 
quartz-dolerite from the Whin Sill, Co Durham 
(including MnO 0*16, CO 2 0*19, P2O5 0 25, 
FeS2 ^ 49) , IV, olivine -dolente from Skye 
(including MnO 0 17, BaO 0 06, I^Og 0 17) 



I. 

II. 

III. 

IV. 

SiO, 

49 0 

48 4 

51 22 

50 33 

Ti()‘ 

28 

3 1 

2 42 

1 81 

AI 2 O 3 

15 3 

13 4 

14 06 

19 97 

FC 2 O 3 

2 () 

40 

4 32 

2 81 

FeO 

8 2 

8 5 

8 73 

6 23 

CaG 

. 82 

86 

8 33 

8 03 

MgO 

4 9 

6 5 

4 42 

3 24 

K2() 

. 2 6 

2 1 

1 25 

1 19 

Na^O 

. 25 

3 1 

2 55 

4 30 

H 2 O 

. 3 3 

22 

1 28 

1 86 


Dolerites are of wide distribution and are 
much quarried for road-metal and paving-setts. 
Being difficult to work and of a dull colour, they 
are not much used as building stones (v Diabase) 

L J. S 

DOLOMITE. This term includes both dolo- 
mite-spar and dolomite-rock, both of which are 
often referred to simply as dolomite They bear 
the same relation to one another as calcite (calc- 
spar) to limestone, and as quartz to quartzite ; 
these being cases in which a single mineral 
species builds up a rock-mass. The name 
dolomite, after the French geologist, D. G. Dolo- 
raieu (1750-1801), was first applied to the rock, 
being later extended to the crystallised mineral 
The rock is now often referred to as dolomitic 
limestone or magnesium limestone. 

The pure mineral {Dolomite -spar) is a double 
salt of calcium and magnesium carbonates, 
CaMg(G03)2 ; containing CaCO, 54*28, MgCOg 
45*72 p.c , or CaO 30*42, MgO 21*86 p.c. It is 
a member of the isomoq^hous series 01 rhombo- 
hedral carbonates (calcite group), and has an 
angle of 73® 45^ between the surfaces of the perfect 
rhombohedral cleavages It, however, differs 
from the other members of the group in the 
degree of symmetry of its crystals, which are 
hemihedral with parallel faces. It further differs 
from calcite in the fact that it never shows 
lamellar twinning on the obtuse negative 
rhombohedron The most usual form of 
crystal is the primary rhombohedron, the faces 
of which are parallel to the cleavage directions 
(this being an unusual form in calcite, except 
in combmation with other forms). The faces 
are frequently curved, sometimes to such an 
extent that the crystals are saddle-shaped. 
The most perfect crystaxs, such as those found 
] 1 the crystalline dolomite rock of the Binnenthal 
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in Switzerland, are colourless and transparent 
with a vitreous lustre. More often the crystals 
are white or creamy-white and opaque with a 
pearly lustre ; hence the popular name pearl- 
spar The mineral is harder (H. 3J-4) and denser 
(sp gr 2 85) than calcito It may be readily 
distinguished from the more commonly-occumng 
calcite by the fact that it is only slightly attacked 
by cold dilute acid ; in hot acid it dissolves with 
a brisk effervescence Dolomite is much less 
soluble in water containing carbon dioxide (3 
parts in 10,000 at 18°) than is calcite Various 
micro-chemical tests have been devised for the 
purpose of distinguishing dolomite and calcito, 
especially in thin sections of rocks Lemberg’s 
solution contains aluminium clilonde and a 
staining material (haematoxylm or an aniline 
dye) ; a stained film of aluminium hydroxide 
deposits on calcite, but not on dolomite The 
composition of dolomite may be varied somewhat 
by isomorphous replacement Iron and man- 
ganese may replace magnesium, forming .i, 
passage through hrmm-spar to ankerite {q v ) 
Zinc or cobalt is also sometimes present in small 
amount. Any excess of calcium over the double 
salt ratio may perhaps to some extent be present 
in isomorphous mixture, but more often it is 
probably present as mechanically admixed 
calcite Simple ratios of OaCO^ MgCXl^ other 
than the 1 • 1 of ‘ normal dolomite,’ probably do 
not exist Several trivial names have been 
applied to varieties of dolomite showing pecu- 
liarities of structure or supposed differences in 
composition , the analyses have not, howevei, 
always been made on well-crystallised material 
The best crystallised specimens of dolomite 
are met with in mineral veins and other metal- 
liferous deposits For example, with iron oies 
at Traversella in Piedmont, and Cleator Moor 
in (yumberland ; with lead and zinc ores at 
Laxey m the Isle of Man, and Joplin m Missouri , 
with silver ores at Schemnitz in Hungary, and 
Guanaxuato in Mexico Crystalline ma-sses 
occur in serpentine, talc-schistj and other mag- 
nesian silicate rocks As a rule, only quite 
small crystals arc found in dolomite rocks, but 
occasionally good crystals are found in cavities 
Dolomite rock, dolomitic or magnesian lime- 
stone, IS, as a rule, more indefinite in its cha- 
racters and composition, since hero the dolomite 
mineral is mixed with other mineral substances, 
such as calcite, carbonates of iron and manganese, 
oxide and hydroxides of iron, argillaceous matter, 
quartz, etc With increasing calcito the rock 
may pass into ordinary limestone , and some 
authors restrict the term ‘ magnesian limestone ’ 
to rocks intermediate between ‘ normal dolo- 
mite ’ and ordinary limestone The presence of 
calcite in a magnesian limestone containing a 
molecular excess of calcium over magnesium 
may be demonstrated by etching a polished 
surface or a thin section with cold dilute acid, 
when the calcito will be readily dissolved out 
leaving pits ; or by means of the staining tost 
with Lemberg’s solution mentioned above 
The purest dolomite rocks are the snow- 
white crystalline dolomite marbles of the Swiss 
Alps, Norway, &c , which have sometimes the 
character of a statuary marble and can be used 
for ornamental purposes More often, however, 
the rock is yellowish, grey, creamy, or brown, 
and very often cavernous in texture. It is 


usually minutely crystalline, consisting of an 
aggregate of tiny rhombs of dolomite-spar more 
or less firmly held together, but at times quite 
loose and sandy Dolomite rock is of wide 
distribution and is met with in sedimentary 
strata of all geological penods In England 
a long narrow outcrop extends along the eastern 
slopes of the Penmnes from Nottinghamshire 
to the Durham coast. This has long been 
extensively quarried as a building stone, the 
principal quarries being near Anston in York- 
shire, Bolsover Moor m Derbyshire, and Mans- 
field Woodhoiise in Nottmghamshire Here the 
rock IS of Permian age In the Dolomite moun- 
tains of southern Tyrol the rock ls of Triassic 
age, whilst that of Swabia belongs to the Jurassic 
formation 

The origin of dolomite rock has been a subject 
of much speculation and experimental work of a 
chemical character. A review is given in 
Doelter’s Handbuch der Mmeralchemie, 1912, 
vol 1 (here also ls given a large collection of 
analyses, methods of analyses, &c ) That of 
Permian age, which is usually associated with 
beds of gypsum and rock-salt, is supposed to 
have been deposited as the double carbonate by 
chemical precipitation from the salt waters of 
inland seas In some other cases the rock has 
been formed by the action of magnesium-bearing 
solutions on limestone , either contemporane- 
ously and progre-ssively with the formation of 
the limestone (as jiroved by the dolomitisation 
of coral-limestone — the magnesium in this case 
being deiived from sea- water) , or long subse- 
Cj[uently by the action of subterranean mineral- 
waters percolating along the bedding and joint 
planes (as in the Carboniferous Limestones of 
llerbvshiro and South Wales) Or again, it 
may have been formed by weathering and the 
solution of the more soluble calcium carbonate 
from limestones containing a small proportion 
of magnesium 

The following are analyses of dolomite rock 
I, from Bolsover, Derbyshire, II, Mansfield, 
Nottinghamshire, 111, Anston, Yorkshire ; IV, 
Southern ^I’yrol — 


CaO . 

I 

28 0 

If 

29 0 

III 

307 

IV 
31 4 

MgO . 

19 2 

20 4 

20 6 

192 

Fe JJ3, AI2O3 

1 8 

— 

0 73 

1 2 

iSiO » 

3 0 

3 7 

0 56 

1 0 

co.“ . 

43 6 

44 9 

40 7 

46 1 

H^O . 

3 3 

2 1 

0 75 

— 


I’he economic applications of dolomite are 
confined to the rock, since this is much more 
plentiful and of wider distribution than the 
crystallised mineral Its principal use is as a 
budding stone For this purpose it is more 
suitable than ordinary limestone, being harder 
and more resistant to solvents, but it needs to 
bo carefully selected It is also used for paving 
and road-metal The Houses of Parliament are 
built of stone from the three English localities 
noted above (Anal I-III) The stones from 
these quarries have a crushing strength of 484- 
883 tons per square foot, absorption of 4*0-7 5 
p c , and weigh 134-152 lbs per cubic foot 
Certain varieties of dolomite rock (dolomite 
marble) find an application as an ornamental 
Swone Dolomite rock is also extensively used 
for the basic limngs of Bessemer converters and 
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open-hearth furnaces in the manufacture of 
steel For this purpose the rock is calcined 
until it commences to sinter, crushed, mixed 
with gas -tar, and moulded in the furnaces or 
shaped into bncks The best result is obtamod 
when the rock contains 3-4 p c of FcgO, and 
ALOa, and about j) c of SiOj (On British 
sources of dolomite rock for use as a refractory 
matenal, v Mineral Resources of Great Britain, 
Mem Geol Survey, 1918, vol vi ) The rock 
IS completely burnt or half burnt below a red 
heat (giving MgO-hCaCOg) for the preparation 
of cements and plasters , when it contains quite 
a small amount of argillaceous matter it gives 
a good hydraulic cement It is also burnt for 
agricultural purposes, and is said to be especially 
beneficial for leguminous crops It is a readily 
available source for the manufacture of magne- 
sium compounds, e g Epsom salts, magnesium 
chloride, magno.sia alba, but m this diiection 
it was not able to compete with the largo quanti- 
ties of soluble magnesium salts obtained as 
by-products from the Prussian salt-deposits 
Various processes have been suggested for 
extracting the magnesia for use as a refra< tory 
material In one, the calcined dolomite is 
mixed with magnesium cliloride, forming 
calcium chloride which is readily removed in 
solution In another, the calcined dolomite 
IS treated with a solution of sugar, when the 
calcium ptosses into solution as saccharate, from 
which the sugar can be recovered by precipita- 
ting the calcium as carbonate with carbon 
dioxide When half burnt to MgO-f-GafTlg 
the magnesia can be extracted by carbonated 
water under pressuT e The pure white dolomite 
marble is used for the manufacture of pure 
carbon dioxide for use m the manufacture of 
aerated waters L J S 

DOMEYKITE. A copper arsenide, GU3AS, 
corresponding to copper 717 and arsenic 28 3 p c 
It occurs m reniform, botryoidal, and compact 
masses, of white or grey colour, with metallic 
lustre, rapidly tarnishing H =3-3 5 , sp gi 
7-7 5 Readily fusible before the blowpipe, 
with emission of arsenical vapours Soluble in 
nitnc acid, but not m hydrochloric acid It is 
found at Goquimbo and Copiapo m (Ihile, at 
(Jerro las Paracatas in Mexico, and at Zwickau 
m Saxony 

Several other arsenides of copper, more or 
less like domeykite, are known 3’ he AUjodonite 
of F Field is (JugAs, and occurs at the Algodonos 
mine, near Coquirnbo. WhitneyitCf from Hough- 
ton Go , Michigan, U S , de^scribed by F A 
Genth, is OugAs , and D. Forbes’s Darwimte, 
named after Charles Darwin, is a similar mineral 
from near (Jopiapo Condurrite^ from (^ondurrow 
mine, Cornwall, appears to be a mixture of 
arsemde of copper with various oxidised pro- 
ducts derived from the alteration of tennamte or 
some kindred species The names KeweenawifPy 
Mohawkitef and Ledcnixite have been applied 
to vanous copper arsemdes from Michigan, in 
which the copper is in part replaced by nickel 
and cobalt L J S. 

DONARITE. An explosive consLstmg of a 
mixture of ammonium mtrate (80 pts ), tri- 
nitrotoluene (12 pts ), nitroglycerine (3 S pts ), 
gun-cotton (0 2 pt , flour (4 pts ) 

DORMIGENE. A urea derivative of a-bromc 
»«ovalcrianic icid Used as a nervous sedative. 


DORMIOL. A condensation product of 
chloral and tertiary amyl alcohol. V. Synthetic 
drugs. 

DOSS. Japanese name for a dyewood from 
an evergreen tree Ilex Mertemii (Maxim ), found 
in the Ogasawara and Okmawa Islands. Con- 
tains a dyestuff, dossetin CjgHgOg, crystallising 
in yellow needles ; m p. 27U-272'^ (Ito, J Soc 
Chem Ind 1908, 440) 

DOUBLE SCARLET, BRILLIANT SCARLET 

V AZO- COLOLTRING MATTERS 

DRACYL. An obsolete synonym for toluene 

DRAGON *S BLOOD. A resin used as a red 
pigment (v Pigments ; also Resins) 

DRIERS (in the United States also termed 
‘ Japans ’) is the trade term for those metallic 
oxides, chiefly oxides of lead, manganese (litharge, 
red lead, manganese dioxide) and cobalt or their 
inorgamc salts, which were formerly used exclu- 
sively in the process of oil boiling as ‘ driers.’ 
More recently acetate, oxalate, and borate of 
manganaso have been employed Since metallic 
salts of abietic acid have the same property, such 
salts are also manufactured as ‘ driers ’ flfliey 
are obtained either by precipitating rosin soap 
solutions with solutions of metallic salts, or by 
fusing together a metallic oxide with colophony 
Hence thase are distinguished in commerce as 
‘ precipitated ’ driers, and ‘ fused ’ dners Q’ho 
latter are rcadilv discriminated from the former 
by their not contaming any moisture Metallic 
salts of Imsocd oil fatty acids are now used 
as driers , they can be prepared either by pre- 
cipitation or by the dry proce^ss, hence both 
‘ precipitated ’ manganese Imolcate, ‘ precipi- 
tated ^ lead Imoleate, and ‘ fused ’ manganese 
linoleate, &c , are obtainable The driers pre- 
pared from linseed oil fatty acids, as also 
from rosin (colophony), are soluble m oil of 
turpentine, ether, chloroform, and linseed oil 
itself Hence they are also termed in commerce 
‘ soluble driers ’ Solutions of these driers in 
linseed oil or m turpentine oil, or m a mixture 
of both, are obtainable in commerce under the 
name ‘ liquid driers,’ ‘ terebene,’ and other 
fttney names. 

The function of these driers appears to be to 
absorb oxygen from the air and transfer it 
to the linseed oil, thus accelerating its drying 
to a flexible film when exposed to the air On 
this assumption, the fact that litharge and 
manganese dioxide act as dners will be best 
explained by stating that at the high tempera- 
ture at which linseed oil is ‘ boiled,’ the oxides 
saponify the linseed oil, forming therewith lead 
or manganese soaps, which then act in their 
turn m the manner indicated above From 
experiments on the behaviour of cerium salts 
obtained from vanous drying oils, Morrell (Chem. 
800 3’ran8 1918, 113, 111) concludes that a 
change occurs m the intra- molecular linkings 
when drying oils are polymerised by heat The 
action of cenum a-ela^ostearate (from tung oil) 
as a drier may be represented by the following 
scheme • — 

CeXg or CeOXg Ce,(X02)g 
Ce0(X03)8-f drying oil 

CeX3-f-OCHy 

I [oxidised oil] 
O CHZ 

Th s representation is also in accord with the 



DRY CLEANING. 


573 


conclusions of Insle (J Soc Chem Ind , 1917, 
318) as to the behaviour of lead linolenate 
Cenum driers are less effective than cobalt or 
manganese Imoleate m accelerating the drying 
of a varnish containing a lead drier The follow- 
ing are the analytical data obtained by the 
author in the examination of a druu* — 


Per cent. 

Ash . . . 18 () 

Ratty and rosin acids . . 83 4 

'Fhe more detailed examination gave the 
following result — 

Per cent 

Lead oxide . 10 99 

Manganous oxide . 79 

Iron peroxide . . 0 47 

Calcium oxide . 0 56 

Rosin ac'ds 38 32 

Oxidised acids . 4 24 

Other fatty acids . 40 86 


It should, however, be understood that the 
results furnislied by chemical analysis alone ar(‘ 
not sufficient to supply the data on which to 
base an opinion as to the pro])ertio& which a 
drier will impait to the oil Tlie colour and 
di ying power of the boiled oil to be pi (‘pared 
and other conditions greatly mnuerice the dioice 
and the (j^uantity of a drier to be employed on a 
large scale J L 

DROP GUM or GAMBOGE v Pigmi <’NTS 

DROSERA WHITTAKER!. Dwsera wliit- 
iakeri is found in Australia, and glows })lentifully 
oil the hills near Adelaide The tuber of this 
plant consists of an inner solid but soft nucleus 
full of reddish sap or ]uice, and an outer series 
of easily detached thin, and more or less dry, 
layers of an almost black material Between 
these layers are to bo found small quantities of 
a brilliant red colouring matter, the amount 
varying m tubers of different si/c and age, but 
appal ently moio plentiful in the older jdants 
(Rennie, Chem Soc Trans , 1887, 51, 371 , 1893, 
()3, 1083) 

The colouimg matter is extracted fiom the 
tubeis by means of hot alcohol, the solution 
evaporated, and the residue, contaimng a little 
alcohol, is then mixed with water and allowed 
to stand The product is dried, sublimed, and 
the biilliant vermilion powder, which contains 
two substances, is fractionally crystallised from 
boiling alcohol, or acetic acid 

The more sparingly soluble compound 
CjiHgOg forms red plates, melts at 192°~193‘^, 
dissolves in alkaline solutions with a deep red 
violet colour, and gives a friacciyl de'inalixi’, 
CiiH 50 b(C 2H30) „ meltmg-point 153°-164° 

The mono6odmm compound Ci^H70BNa,2H20, 
gives dark reddish-brown needles, the dxsodtxnn 
compound CbiHQ05Na22HD, brown needles, 
and the calcium compound (CiiH70B)2Ga,3H20, 
dark brown crystals 

By treatment with stannous chloride or hy- 
drochloric acid, this substance CiiHgOg yields a 
reduction product C,,H^oOb, yellow needles, 
melting-point 215°-217° When dry, this is 
stable in air, but if left in contact with alcohol or 
water, it soon becomes red owmg to oxidation 
According to Rennie it is probable that the 
original colouring matter is a trihydroxymethyl- 
vaphthoqmnone, in vhich case the substance 
^n^ioOg will consist of the correspondi ig 


hydroqumonc deiivative The more leadily 
soluble compound contained in the tubers 
possesses the formula CiiHg04 It crystallises 
in red needles, meltmg-pomt 174^-175° , dis- 
solves in alkaline solutions with a deep-red 
colouration , and gives a diacthjl derivative, 
CiiHgO4(0oH^0)2, yeUow needles, melting- 
point 107°- 1 10°. AGP 

DRUMINE. An alkaloid stated to be 
present in Euphorbia Vrimmondii (Ogston, Brit. 
Med Jour 1887, 451) 

DRY CLEANING. French or chemical 
cleaning, Nctioyage d Sec A piocess of remov- 
ing diit, grease, &c , from fabrics by solvents 
other than water, such as petroleum benzmt*, 
coal-tar benzene, carbon tetrachloride, &c. 
The substitution eff such lupiids foi water seems 
to have been fii*st made in France during the 
middle of the last century by the application of 
‘ camphene,’ a terpene used at that penod for 
illuminating jmrposcs 

The process was introduced into the Umted 
Kingdom, m 1866, by Messrs Pullar & Sons, 
who gieatly developed it, employing machinery 
to a laige extent in place of the hand labour 
formerly used 

The solvents mainly used at the present time 
are ‘ benzines,’ usually obtained from American 
and Borneo petroleum, of spgr 0 78; boiling 
between 80° and 120° The benzols employed 
are what are known commercially as 90^8 and 
50’8 They may contain sensible quantities of 
carbon disulphide, thiophcn, and possibly other 
sulphur products, which are apt to impart a 
chsagrceaole smell to the fabric Carbon 
tetiachloiide, on account of its relatively high 
price, is only used to a limited extent It has 
the great advantage over the hydrocaibons 
that it IS umnflammablc, and c an be emiiloyi'd m 
particular case^ wheio the use either of benzine 
or of benzol is inadmissible (For a method of 
valmng benzine for the puipose of the dry 
cleaner, v 3’rotman, J Soc Chem Ind 1906 ) 
Thiophen in benzol may be detected by the 
isatin and sulphuric acid reaction (v Thiophen). 
{Cf Schwalbe, Chem Zeit 1905 ) 

Carbon disulphide may bo detected by the 
foimation of a precipitate with phenylhydrn/me, 
and detei mined quantitatively by conversion 
into potassium xanthate by means of alcoholic 
potash {v Cap BON oisuLriiiDE) 

An admixture of paiaffin hydrocarbons with 
the benzol may be recognised by mtiatmg the 
sanqde with nitro&ulphunc acid and subsequent 
steam distillation. 

The carbon tetrachloride employed for 
degreasing should be fiee from hydrochlonc acid 
or traces of free chlorine It should also contain 
no chloroform or phosgene gas, which are apt to 
act deletenously upon the workpeople 

Special soaps, soluble in benzme, are em- 
ployed in diy cleaning They not only assist 
the degreasing, but diminrsh the risk of fire 
The soaps consLst of practically anhydrous 
oleates or stearates of potash or soda made by 
melting together oleic acid and soap, oi by dis- 
solvmg the alkali in methylated spirit, and 
addmg to the solution the requisite quantity 
of olei'.- acid or melted stearic acid. Strong 
ammonia solution may be employed instead of 
potash or soda 

(For a descnption of the methods and 
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machinery employed m modern processes of 
dry cleaning, and of the apparatus for the 
recovery and purification of the solvents used, 
V. Dyeing and Oleanmg, by F J. Farrell, 
Gnffin «fe Co , Ltd. 1910 ) 

DULCAMARA. Bttfn.swcet, Woody Jiight- 
,shade. {Douce amhCy Fr , Billers Ger ) 
^’he young branches of the Solauum dulcamaia 
(Linn ), were formerly administered as a de- 
coction in rheumatism and skin diseases They 
contain an amoriihous glucoside dulcamann 
C22H34G10 (Geissler, Arch Pharni [m.] 0, 1010) ; 
and «o/amwe C42H 7 gOigN, m p 236°; solauuhnc 
C4 iH 7,()2N, m.p 205°, andWawfirtc (’48H7y0^3N 
(Davis, Pharm Y [iv ] 15, 100) G. B 

DULCIN. p-Phenetol-caibamide 

CaHgO C0H4 NH CO Nil, 

A sweet substance Used as a substitute for 
saccharin 

DULCITOL V (^AliiJOHyi)KATKS. 

DUMASIN. Pentamone v Kj.tones 
DUNGING SALT. l^oduiin Ai senate v 
Arsenic 

DUOTAL. Guaiacol carbonate 



formed b}^ the action of pJiosgcne gas on an 
alkaline solution of guaiacol Used in the treat- 
ment of phthisis 

DURA or DARI. A grain imported from India 
and the Sudan, chielly as a poultry food Com- 
position ; moisture, 8 45 , proteins, 12 98 , othci 
nitrogenous substance, 0 08 ; fat, 3 30 , starch, 
62 66 ; other carbohydrates, 9 74 , fibie, 1 03, 
ash, 1 71 p c , food units 113 3 , nutrient ratio, 
1 • 6*1 (/Ontains no alkaloids or cyanogenetic 
glucosidcs (Bull Imp Inst. 1913, 11, 33) For 
the use of Sudan Dura as a brewing matciial, 
see Bnant «fc Harman, Jouin Ins tit Brewing, 
1918, 209 

DURENE V, C\MENES 

DURENOL?’ PuENOL and its Homolooue'' 

DUTCH PINK or ITALIAN PINK c Pm 

MENTS 

DUTCH ULTRAMARINE. Lobali blue v 

Co BA ET AND PlGAlENTS 

DURINE. A preparation of formaldehyde 

DYEING. The art of dyeing consists 111 
imparting colour to the substance of various 
materials, usually textile fabrics, m such a 
manner that it is not readily lemoved or altered 
by those influences to which the dyed material 
IS subsequently exposed Tinting is essentially 
the same as dyeing, but the term is applied to 
the production of light shades only. In staining, 
the colour is not so permanently fixed as in 
dyemg, but in all these processes the colouring 
substance is presented to the material in a dis- 
solved condition. In textile printing, the colour 
IS applied to portions of the matenal only, thus 
producing a pattern, but in other respects, many 
pnntmg operations are, in principle, similar to 
dyeing In some processes of textile printing, as 
in painting, on the other hand, a more or less 
opaque pigment is applied to the surfac 3 of the 
material by means of adhesives, thus partially 
or entirely obscurmg the true surface. 

Dyeing is of chief importance in connection 


with the textile industries, but many other 
materials are coloured by dyeing processes, such, 
for example, as leather, feathers, horn, ivory, 
bone, straw, and wood. 

The vanous materials above enumerated 
show remaikable differences m behaviour 
towards any particular dyestuff. Wool, silk, 
leather, feathers, horn, and animal skin products 
in general, behave somewhat similarly towards 
colouiing matters, but the dyeing properties of 
cotton, linen, and other vegetable products are 
quite different. 

Differences quite as marked are to be noted 
in the behaviour of various colounng matters 
towards one and the same material, and thus, in 
dyemg operations, both the natuio of the 
material to be dyed and of the colounng matter 
employed, have to be taken into account 

The theory of dyeing. The pieuse cause or 
causes of the different behaviour of the textile 
fibres m dyeing is still a matter of uncertainty , 
but there is little doubt that the chemical 
and physical properties both of the fibre and of 
the dyestuff aic all factors of the complicated 
phenomena of dyeing 

The earliest theory with regard to the 
fixation of dyes was that the action is purely 
mechanical, and it is still urged by many that 
rarely in dyeing processes is there diiect evidence 
of chemical (omlimation between fibre and dye- 
stuff Both bodies, as a rule, letam their 
individual diemical and physical properties un- 
changed, and the dye can fiequcntly be removed 
from a fibre by means of alcohol or othei solvent 

In its earliest foim, the mechanical theory 
was put forwaid by llellot and d’Apligny m 1 780 
(Sc(‘ Hellot’s L’Art do la Teintuio des Lame4S 
( 1734) , and d’Apligny’s T/Art de la Temtuie dcs 
fils de Coton (1776) ) 3’hey assumed that the 
jjai tides of colouring mattei became embedded in 
the minute pores permeating the fibre substance 
Crum (Chem Soc Trans. 16, 404) strongly 
suppoited this theory, while Muller-Jacobs 
(J Soc Dyers, 1885, 63) expressed much the 
same idea 111 attributing the fixation of dyes 
to membranous diffusion It has, however, been 
shown by scveial mvestigatois that dyeing 
processes do not obey the general laws of 
osmosis. V Georgievics (J Soc (’hem Ind 1895 
149) considcm dyeing is chiefly due to suifaco 
attraction Witt (Faiber-Zcit 1890) put for- 
ward a modification of the mcchamcal theory. 
He regards the fibres as solid solvents in which 
the dyestuffs dissolve, the latter bemg withdrawn 
from its aqueous solution in the same way as, 
eg. ether will extract many substances from 
their aqueous solution The degree to which a 
dye-bath can bo exhausted will then depend 
upon the relative solubility of the dyestuff in 
the acid or neutral dye hquor and in the fibre 
substance under the conditions (concentration 
and temperature) used Krafft (Ber 1899, 
1608) attributes dyeing phenomena to a separa- 
tion of the dyestuff upon the fibre in a colloidal 
state, and this view has been suppoited by Biltz 
{ihid 1904, 1766), Linder and Picton (Chem. Soc. 
Trans 1905, 1931), and Dreaper (I Soc. Chem. 
Ind 1905, 223) 

The chemical theory of dyeing was originally 
put forward by Macquer and Bergman in opposi- 
tion to the mechanical theory of Hellot and 
d’Apligny, and has received much experimental 
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support from Persoz, Berthollet, Chevreul, Kuhl- 
tnann, Vignon, Knecht, and many others It is 
mainly based on the followmg facts : wool and 
silk fibres contain ammo-acids, and thus possess 
strongly marked acidic and basic functions 
Cellulose, the essential constituent of the vege- 
table fibres, is chemically much less active, and 
lyes much less readily than wool and silk, but 
under certain conditions it exhibits weakly acidic 
functions All dyestuffs (with few exceptions) 
possess either acidic or basic properties, or are in 
the form of salts, which dissociate m the dye- 
bath , and chemical combmation between fibre 
Sind dyestuff would thus, primd facte, be ex- 
pected Moreover,, lanuginic and aerictnic acids, 
which are produced respectively by the hydro- 
lysis of wool and silk, precipitate both acia and 
basic dyes from their aqueous solution (Knecht 
Sind Apployard, J Soc Dyers, 1889, 72) 

A full discussion of the evidence for and 
against the mcchamcal and chemical theories of 
dyeing cannot bo here entered upon, but a general 
review indicates that the attempt to cover all 
dyeing phenomena by any one simple explana- 
tion must fail, and that many factors are con- 
3ernod, the relative impoitance of which vanes 
in different cases In the dyeing of wool or silk, 
with acid or basic dyes, it may be taken as 
established that chemical combination occurs, 
but pnor to this some hydrolysis of the fibre, 
and more or less complete ionisation of the dye- 
stuff takes place Surface concentration of the 
dye on the fibre probably also occurs, and the 
coagulation and precipitation of the dissociated 
colloidal dyestuff also plays a part 'J’his is 
suppoited by the observation that the tcmpeia- 
tuio of maximum absorption of dye does not 
(in the cases investigated) coirespond with that 
of maximum fixation (Dreaper, Trans Faraday 
Soc 1910, pt 1 Haldane-Gee and Hariison, 
ibid ) ; the former possibly coinciding with the 
pomt of maximum coagulation and precipitation, 
and the latter indicating the point of maximum 
degiee of chemical combination Whether the 
superficially precipitated dye penetrates the fibre 
by osmosis or by ‘ solid solution ’ is mainly a 
question of definition of terms 

In the case of the dyeing of vegetable fibres, 
the same factors probably operate, but their 
relative importance ls not the same, the physical 
factors — precipitation, surface attraction, and 
osmosis — predommatmg over the effect of direct 
chemical action 

Classification of colouring matters. It has 

already been pointed out that dyestuffs vary in 
bheir behaviour If, e g separate pieces of wool are 
boiled 111 solutions contaimng, (a) logwood, (6) m- 
digo, (c) magenta, and {d) picric acid, the followmg 
results are obtamed : (a) the wool acquires a 
brown stam ; (b) the wool remains undyed, the 
indigo floatmg about m an insoluble condition , 
(c) Sie wool IS dyed a magenta colour ; and 
{d) the wool 18 dyed a full yellow If the experi- 
ment IS repeated on wool which has been pre- 
viously boiled with a solution of potassium 
dichromate, the result will be that in (a) the 
wool IS dyed black, whereas m (6), (c), and (d), 
similar results are obtained to those of the 
previous expenments Logwood, therefore, 
must be applied in conjunction with potassium 
dichromate or some similar substance, i.e, 
with a mordant ; whereas magenta and picrc 


acid dye without such aid, and indigo requires a 
special process, the nature of winch is not 
indicated by the results of the above-described 
experiments. 

Colouring matters may be divided into three 
groups on the lines indicated above, viz . (1) 
those which must bo applied in conjunction 
with a mordant , (2) those which dye direct fiom 
their solutions ; and (3) those requirmg special 
processes 

As regards groups (1) and (2) this classifica- 
tion is practically identical with that of Bancroft 
(Philosophy of Permanent Colours, i 118, 
London. 1794), who, upwards of a hundred years 
ago, divided colouring mattem into substantive 
dyes and adjective dyes , the former class com- 
prising those which dye directly from their 
solutions, and the latter being composed of those 
dyes which require moidants Nietski (Farber- 
Zcit 1889-90, 8) uses the terms direct dyes and 
mordant dyes in exactly the same sense, and both 
Bancroft’s and Niotski’s terms are stdl in use. 
Hummel (The Dyeing of Textile Fabrics, 1st ed. 
1885, 147) also cla.ssifies dyestuffs into two groups, 
monogenelic dyes being such as are capable of 
producing one colour only, while polygenetic 
dyes piocluce distinct colours with different 
moidants The members of the farst group are 
coloured bodies, and these merely lequire to bo 
fixed upon the fibre, wheieas the colouring 
principles comprising the second gioup as a rule 
only develop a colour when chemically combined 
with a mordant 

It will be seen that these three systems of 
classification closely correspond, tno terms 
substantive dyes, direct dyes, and monogenetic 
dyes being almost synonymous, as are adjective 
dyes, moidant dyes, and polygenetic dyes. It 
should, however, bo pomted out that none of 
these classifications is absolute , magenta, for 
example, is a direct dye as applied to wool, but 
requires a moidant when used for cotton. 

A distinct method of groupmg dyestuffs is 
that of Benedikt (The (’hemistry of the Coal-tar 
Colouis, 1886, 29), who distinguishes between 
colour acids, colour bases, and neutral colouring 
matters. Both colour acids and colour bases 
are fixed on the fibre in the foim of salts, but 
wheieas in the colour acids tlie essential colour- 
producing group resides m the acid poition of 
the compound, in the colour bases the reverse is 
the case Alizarin led, dyed on wool, is a salt 
of which alumina forms the basic and alizann 
the acidic constituent Alizarin is therefore a 
colour acid, 8imdarly, the red pigment formed 
on dyeing tannm-moidanted cotton with ma- 
genta 18 a combination of rosamlmo base with 
tanmc acid Magenta is therefore a colour base. 
Indigo and other vat dyes are neutral colouring 
matters. 

All the above schemes of classification are 
defective, either from the point of view of the 
, practical dyer, or the chemist As regards 
! practical application, the large number of dye- 
stuffs now on the market may, however, be 
satisfactorily classified mto the followmg 
groups: (1) mordant dyes, (2) acid-mordant 
dyes ; (3) acid dyes ; (4) direct dyes ; (5) basic 
dyes ; (6) stdphtde dyes ; (7) vat dyes ; (8) 

ingrain dyes. 

The classification of dyes according to chemi- 
cal constitution is based upon the existence, 
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of a certain group of atoms, in all members 
of each class, upon the integrity of winch 
their colounng power depends. This is termed 
the chrcmophormia group, the theory bemg first 
put forward by 0 N Witt, in 1870 The intro- 
duction of such a chromophor into a suitable 
colourless compound is accompanied by the 
development of colour, e q henznie (OeHe) is 
colourless, but azohenzene (CeHg — N— N— OgHg) 
IS orange-coloured Many substances, however, 
such as azobenzene, although strongly coloured, 
are devoid of dyeing power 8 uch bodies are 
termed chroruoge 7 is, and in order to convert 
them into useful dyes, the introduction of a salt- 
forming group IS necessary , such groups, m 
this connection, being termed auxocJmmious 
groups Thus, whilst azobenzene is not a dye- 
stuff, both amtno-azohenzene and hydroxy -azohen- 
zene are useful dyes In these compounds, the 
azo- group (— N=N — ) is the chromophor, and 
the ammo- or hydroxyl- group is the auxochromc 
The presence of both a (^omophor and an 
rfuxochrome does not, however, necessarily indi- 
cate that a substance is a useful dye For 
example, irinitroamlme, CgII^(N02)jNIl2, con- 
tains the chromophor (NOg) and the salt-forming 
auxochrome group (NH^) , but it is not a use- 
ful dyestuff, oecauso the basic character of the 
auxochrome is neutralised by the strongly acidic 
chromophor On the other hand, trmitro- 
phenol 08H2(N02)30H is the useful dyestuff 
picnc acid. 

Those dyestuffs which do not contain a 
salt -forming auxochrome cannot bo apphed by 
ordinary dyeing processes, and the fact that a 
special process is lequired, e q for indigo, is not 
primarily due to its insolubility, but to its 
neutral character. 

The scheme of classification, based on the 
chromophor, distinguishes the following groups — 
G I Clip Chromophor Typical dyes 

1. i 50 -Nitroso-^C — O Ilo<?oroiri gieen, diovmc, 

or oxime . | | gambine 

>C--N OH 

2 Nitro* — NO 2 Picric acid, naphthol yellow 

3 Azo- — — (a) Basic — chrysoidiue, Bis- 

marck brown, Janus red 

(b) Acid — azo- oranges and 

scarlets, naphthol 
bl.ick, diamond black 

(c) Dired — benzopurpiinn, 

diamine colours, direct 
blacks 

(d) Mordant — ‘ acid mor- 
dant ’ or ‘ chiome ' 
colours 

4. Triphonyl / ' Magenta, methyl violet, 

methane— \ / Victoria blue, patent 

^ - blue, malachite green 


5. 

Oxy ketone 

CO 

The ahzaiin dyes, Indan- 



1 1 

tlirone and algol vat dyes 



1 1 
/\/\ 




CO 


0. 

Tyrone 

— 0- 

Rhodamine, violamine, 



— c=- 
1 

oosins. 



1 

V 


7. 

Acridine 

<c> 

1 

Acridine yellow, orange, and 



scarlet 

8 

Oxazine 


Meidola’s blue, gallocyanin. 



Capri blue. 

9. 

Tiiiazine 

<l> 

Methylene blue, thiocur- 



mine, hydhron blue 


Group Cliromophor Typical dyes 

10. Azines Safranmes, iiidulines, 

V 1 / or aniline black 

11 Thiazol- — Primulme, thioflaviii. 

— 

12. Quinoline — CH— CH Quinoline yellow, cyanine 

NjCH 

13. Flavono — O — C— Fustic, weld, logwood, 

II Brazil wood 


14. Indigoids — CO— C=:C— CO 

I I 

15. Miscellaneous 


Indigo, helmdono 
and ciba vat dyes. 


This classification of dyestuffs mto chemical 
groups IS of importance m the identification and 
testing of dyestuffs, as the constitution of the 
compound determines its behav^iour towards 
reagents. It is not, however, a convenient one 
as regards the practical application of the 
dyestuffs. 

Essential properties of a dyestuif. In order 
to lank as a useful dye, a substance must possess 
certain essential features A direct dye must 
not only possess a colour ot considerable in- 
tensity and permanence, but must also be 
capable of easy fixation on textile fibres without 
injury to fibre or dyestuff Foi example, both 
vermilion and azo -scarlet x^c)sse&s a brilliant 
colour, but the foimer is not a dyestuff, because 
it cannot bo ajqihed or jiroduced by dyeing 
processes. A inordant dye, on the other hand, 
need not xiossess a strong coloui, and may, in 
fact, be colourless It must, liowevei, be cax)able 
of producing stiongly coloured and insoluble 
colour-lakes m combination with suitable 
mordants. \ at dyes — e g indigo — aie, as a lule, 
quite insoluble m watei, and therefoio cannot be 
ajiphed by an oidmary jnocess Tlie essential 
featuio of this group is that then K^diiction 
products are soluble in alkalin(‘ solutions, and 
on this fact the method of apjilication diqiends 

In order to constitute a dyestuff a body must, 
theiefore, either be stiongly coloured m itself 
01 be cajiable ot pioducmg coloui ed lakes It 
must also be of such a charactm that it can bo 
fixed upon textile mateiial fiom an aqueous 
solution, and it must jiroduce a coloui winch 
jiossesses sufficient xieimanenco and lesistance to 
washing and other influences (In so-called ‘ dry 
dying ’ alcohol or other volatile solvent is used ) 
Operations preliminary to dyeing processes. 
In any dyeing ojieration, the chief bodies con- 
cerned are the hbie to be dyed and the dyestuff. 
In then natural condition, all textile fibres 
contain imiiurities which not only detract fiom 
their aiDjiearance, but prevent their being satis- 
factoiily dyed. The removal of these im- 
purities IS the object of the washing, scouring, 
and bleaching processes which the ‘ raw ’ fibres 
undergo. 

A great bulk of manufactured textile material 
chiefly cotton and linen, is used in the undyed 
condition, but wool and silk are usually dyed 
Dyeing processes, f^yemg may take place 
at various stages of the manufacture of textiles 
‘ Piece dyeing ’ is generally employed when a 
plain-coloured material is required, being the 
most economical and convenient process. If a 
coloured pattern is requi ed, the matenal must 
e' her be printed, or dyed before weaving, and 
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he piocess may then be carried out on the raw 
rool or cotton (‘ wool dyeing,^ ‘ cotton dyeing 
t an intermediate proces^ sliver ’ or ‘ slnhhintj 
yeing ’) or upon the spun yam (‘ yarn dyeitig,^ 
hank dyeing,^ ^ cop dyetruj^^ * cheese dyeing^ uarj 
yeinq"). 

Wool IS dyed in all these forms ; silk, almost 
ixclusively m the form of yam , and cotton, 
hiefly as warps, cops, or pieces. 

The dyeing of wool. Wool may be dyed 
nth a greater range of coiouiing mattcis than 
ny other textile fibre. All the various classes 
f colouring matters enumerated in tlie classifi- 
ation based on practical application {see p. 575) 
re used in tlie dyeing of wool , the most 
nportant groups being the mordant^ the acid 
lordant^ the acid and the direct dyes, as well as 
ho xat dyCy mdigo. In boiling solutions, the 
ffinity of wool for dyestulTs is generally gi eater 
han that of silk, but at tempeiatures below 60° 
he lelative aflinity is fiequently ie\ersed. By 
suitable selection of dyestuffs and control of the 
rocess, it is tliereforo possible to dye the wool and 
ilk in a woven fabric oithei to diffeient shades, 
r to produce a uniform colour on the two fibres 
.a a general rule, dyeing processes which produce 
ood results on wool are entirely unsuited for 
otton, and it is an easy matter to dye one of the 
wo fibres when present m a mned fabric and 
5av0 the other practically unstained it both 
bres are to be dyed the same or different colours, 
wo distinct processes are, as a lule, required 

Different varieties of wool beliavo diffciently 

I dyeing, the finer wools, such as meiino, le- 
uiiing a larger amount of d\estulf to produce ,\ 
iven shade than the coarser (|ualities, c q Lincoln 
r * crossbred ’ wool The absorption of dye !•>, 
owevei, by no me.fns entiiely go\eincd by the 
lametcr of the fibre, c ij tine silky mohair is 
er}^ difficult to dye, probably on account of the 
[oso t(‘xture of the external scales. Fibies 
ikon from different portions of the same fleece 
Iso vary somewhat m dyeing proiierties , and 
'ool taken from the skin of anim.ils slaughteied 
)r meat, or fiom diseased animals, also differs 
•om * fleece ’ wool as legards its aflmity for dyes 

II these differences ai<‘ showui to a much greater 
vtent with some dyestuffs than with others 

The aflinity of w'ool for ceitain dyestuffs may 
e increased by suitable treatment with acids, 
Ikahs, or oxidising agents (bleaching powder 
r hydiogen peroxide solution), or may be 
imimshed by a tieatment with tannic acid 
ilution and in other ways. Vaiious colours may 
lus be produced by a ‘ piece-dycmg ’ pioci^ss 
y weaving together untieated wool and wool 
’eated with one or other of the above-mentioned 
^agents 

The behaviour of wool towaids solutions of 
letallic salts governs the use of these bodies as 
lordants. When boiled in solutions of salts 
f the heavy metals having an acid character 
g. sodium dichromate), a decomposition of 
le salt takes place, and an insoluble basic salt 
r a hydrated oxide is fixed upon the fibre. 

The dyeing of silk. In general behaviour 
iwards colouring matters, silk resembles wool, 
ut, as a rule, dyes are fixed on silk in a less 
ermanent manner than on wool. The dyemg 
f silk appears to depend, to a greater extent, 
n absorption, and to a less extent on chemical 
ction. The acid, hasic^ and direct dyes are 
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chiefly used on silk, but other classes, e g. the 
mordant and vat dyes, are also employed, thougli 
they tend to detract somewhat from the brilliant 
lustre and suppleness on which the beauty of 
silk depends. The maximum absorption of 
dyes by silk usually takes place at 60°-80°, and 
not at 100° as m the case of wool. 

The so-called ‘ dry dyemg ’ process some- 
times emiiloycd for silk consists m the use of 
bcUitme or other volatile liquid as a solvent for 
the colouring mattci m place of water Tlie 
usual dyestuff -salts are not soluble m benzim‘, 
but the fatty acid compounds or icsmatcs of 
basic dy(‘s are readily soluble. 

The mordanting of silk with metallic salts is 
usually earned out m cold concentrated solu- 
tions of basic salts, chiefly basic alummiiiin 
sulphate for colours, and basic feme sulphate or 
ferrous acetate for blai ks 

The production of black upon silk is a 
matter of great impoitaiice, and is almost a 
trade to itself 'Jflie silk is fiist iiVimeised in a 
solution of chestnut extract or other tannin 
matter, and then m a solution of basic ferious 
acetate (pyioiignite ot non) or feme sulphato 
(‘ nitiaU' of iron ’) sin C(‘ssive alternate treat- 
ments m these liquors, the silk may be weighted 
to the extent of 400 pc It is then dyed with 
logwood extract 4'heie aie a number eff 
altei native piocesses for the black dyeing of 
silk 

Wdd sdksy of which Tnssur is the cliief 
vaiiety, aie much moie difficult 1o dye than 
oidinaiy silk, the fine fibiilla} of w hu h the fibre 
IS composed being veiy impel vious The band- 
like flat surface of the fibre also leflects the 
light in such a manner that a wfiite shiny 
appeaiame is liable to be pioduced instead of 
a rich, intense colour or black 

Aitijuial silks, consisting essentially of 
cellulose, aie more allied to cotton than to silk 
as legards dyeing properties Those vaiietiea 
produced from collodion (Chardonmd silk) dye 
more i(‘aaily with the basic dyes than do cotton 
or the aitificial silks obtained from a cupram- 
monium solution of cellulose (ikiuly, Lehne, 
Thiele or ‘ glanzstofle ’ silk) or fiom cellulose 
xanthate (‘viscose silk’) Theie is, however, 
much individuality m the djeing juojieities of 
the vauous foirns (*f artificial silk 

The dyeing of cotton. Cotton is dyed chiefly 
in the foim of haLliks oi waips, less frequently as 
loose cotten oi piece goods The dyeing of cotton 
on the &})ooI, cop or Ibeam is, however, now of 
gieat impoitance 

The dyeing iiroperties of cotton differ gieatly 
fiom those of wool, and theiefore the processes 
and materials used also differ. Until the dis- 
covei y of Congo led in 1881, there were three 
dyestuffs only which weie capable of dyemg 
cotton directly fiom their aqueous solution — 
turmeric, safflotrer, and annatto — but there are 
now a large number of synthetic substantive 
dyes by means of which any desired shade can 
bo obtained. The very numcious class of acid 
dyes which are of such gieat importance in wool 
and silk dyeing do not produce reasonably fast 
colours on cotton. 

Cotton has no affinity for metalhc salts, and 
therefore does not become mordanted by 
boiling in their solutions. Indirect methods 
have therefore to bo adopted m appiymg the 

o 
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basic moidaiits icqmied for the lixation of the 
mordant dyestuffs on cotton This fibre exhibits 
a lernarkable affinity for tannic acid, which is 
withdrawn from dilute solution and concen- 
trated on the fibre to a consideiable extent 
The tannic acid may then servo foi the fixation 
either of nudallic moidants oi of basic dyestuffs 
upon the fibre 

The val dyts and sulphide dyes arc now of 
first importance, since, by their use, extremely 
fast colours are ofitained upon cotton 

The so-callcd inyrain dyed are used almost 
exclusively on cotton The term is apphed to 
designate a class of dyes which are pioduced i7i 
sit a on the fibre by piecipitation 

Merc ended cotton is viitually a aistmct 
textile fibre , and whilst its dyeing proyierties are 
essentially the vsanic as those of ordinal v cotton, 
its treatment rcipiires syu'cial precautions on 
account of its great affinity foi the chrect 
dyes 

The dyeing of linen, 'rhe behaviour of linen 
towards the respective classc's of dyestuffs is 
similar to that of cotton, but it is more chfficult 
to dye The inf(‘rior dyeing afhnity of linen is 
yirobably due to the different jihysical structure 
of th(> fdiro 

The dyeing of lute. Although a cellulose 
derivative, mte diffcis fiom cotton and linen, 
both in its- chemical compc>sition and properties 
As Ti'gaids dyi'ing ])ioC(‘sses, it behaves, to a 
ceitain extent, lik(' tannin moidantecl (otton, 
and may be dyed not only with ditect, but with 
hddK colouring matteis without the aid of a 
mordant 

The dyeing of leather. Leather resembles 
wool in dyeing ]>iop(*ities, but the difliculty of 
dyi'ing it in bust colouis is iiu leased by the 
necessity of using lukewarm licjuoi*s only, since 
boiling water destroys oidinai y k'athei (\*i tarn 
of the newer mi'thods of yiioducing leather, c (/ 
chrome taimagi’, yield a ynoduct which will 
withstand boding solutions It is vc^ry im- 
portant as legarxls the peimanence of the 
leather (when used < q foi bookbinding oi 
furniture covering) that no mineial acid should 
be ('mployeil in the dyeing piocess As a 
substitute, formic at id may be recommended 
The (Kid and ha^ic colouiing matters ai<‘ chiefly 
employed, the mordant dyes being used to a 
less extent 

The dyeing of feathers. The chief cause of 
difliculty in the dyeing of feathers is their 
natural water- resisting property This is due 
partially to then ultimate physical structuie, 
and partially to the natuial grease present 
The midrib is spec rally clilht iilt to dye Apart 
from these special difliculties, feathers behave 
in dyeing, like wool, and may be dyed with acn/, 
ha^siCy diraty or inordant dyes Reds, browns, 
blues, and other colours aie usually dyed with 
acid dyas, but the most satisfactory blacks are 
obtained by successive and repeated treatments 
with logwood extract, and ferrous sulphate with 
potassium bmoxalate Dyeing must proceed for 
a considerable period at the boil, in order to 
ensure penetration 

The dyeing of horn. Horn is dyed in strong 
solutions of acid dyes by steeping for a long 
period in the cold or slightly warm oaths, which 
are acidified with acetic or formic acid Since j 
it contams sulphur, horn may be dyed brown 


by steepmg in a solution of sodium plum bite, 
which results in the formation of lead sulphide 
Black 18 also produjed by alternate steepmgs 
in solutions of mercuric nitrate and potassium 
sulphide 

The dyeing of ivory. Ikith acid and bcustc 
dyc*s may be emf)loyed in the dyeing of ivoiy, 
the former Ixung used with addition of acetic 
or formic acid in hot solutions. Alcoholic solu- 
tions of colouring matters may also be em- 
ployinl Red is freqmmtlv dyed by the cochineal 
single-bath pioeess used foi wool (see p 530) 
Bki< k IS product d either by the logwood and 
iron or aniline black process, as used in cotton 
dyeing, or by means of silvt'r nitiate 

The dyeing of wood. The method of dyeing 
wootl ill bulk is to Ixul or steam it to remove the 
resins, and thtm tieat it in an ap^iaratus similar 
to that employed in ereosotmg The wood is 
plaeed in a closed vessel which is exhausted 
by a vacuum pump, and when the air has been 
sucked out from the pores as completely as 
possible, the hot dye li{|uor is admitted into 
the ve>ssel and put under piessure by a force 
pump The direct and basic dyes may be em- 
ployed Wood IS usually dyed black by alter- 
nate tieat ments with logwood extract and 
sodium dichi ornate solution 

The dyeing of straw, ytraw is largely dyed 
for use in the manufacture of hats and baskets 
Tliere arc two commercial vaiieties, distinguished 
as (hip and straw Chi]) is i eadily dyi'd by ineans 
of the di)C(t cotton dyes or the sulphide dyes, and 
many hiusii .ind aiid dyes in neutral solution 
may also be employiHl 'Phe |)iocess must be 
continued for 2 to Iiouin at the boil 

‘ Straw ’ is more diflu ult to dye than ‘ chip,’ 
on account of the highly silii lous character of 
the surftue The straw should be steeped for 
several hours in waim watei befoie dyeing 
Bla( ks are usually obtained with logwood and 
iron, but for coloui’s the diKit cotton and the 
basic dyes aie chiefly used 

Materials used in Dyeing Operations. 

A great vaiiety of chemical substances aie 
used m dveiiig piocesses- acids, allvalis, oxidis- 
ing and loducing agtmts, metallic salts, and a 
wide range of organic bodies Two groups only 
need be liere considered, viz {a) mordarits, and 
(b) colouring matters 

Mordants. The function of a mordant is to 
chemically combine with the dyestuff employed, 
and fix the latter upon the fibre It has already 
been mentioned that many colouring matters do 
not require the aid of mordants, but dye direct 
from their solutions fl’his applies to the acid, 
di7(‘ct, basiCy and vat dyes when used for wool 
and silk, and the direct ^ sulphide y and vat dyes 
when used for cotton On the other hand, the 
mordant and acid-moidant dyes (as their name 
implies) demand the use of mordants on wool, as 
do the mordant and the basic dyes on cotton 
It is evident that the chemical properties of 
the dyestuff will govern the character of the 
mordant required for its fixation, and two types 
of mordants may thus be distmguished : (1) 
the metallic or basic mordants^ used for the 
mordanV dyes \ and (2) the'^oc?d mordants, re- 
quired in applying the basic dyes to cotton or 
other vegetable fibre. 

Basic mordants are employed for fixing on 
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animal and vegetable fibres those colonnng 
matters which are of an acidic chaiacter, t e 
either true acids or bodies contammg hydroxyl- 
groups, of which the hydrogen is replaceable by 
meWs They are metallic salts, oi which the 
most important are certain compounds of 
chromium, aluminium, iron, and tin 

Wool is mordanted by boiling it with dilute 
solutions of these metallic salts, usually with the 
addition of certain acids or acid salts, e g cream 
of tartar, sulphuiic acid, foimic acid, oxalic acid, 
&c^ During this operation, the wool assists m 
the dissociation of the metallic salt ; an insoluble 
basic salt being fixed within and upon the fibre, 
while a more acid salt remains in solution 'J’he 
acids or acid salts, which are added along with 
the metallic salt, possibly assist the dissociation 
of the latter by forming more sensitive salts 
(tartrates, oxalates, &c ), and are conveniently 
termed aasibtanis 

As a rule, the mordanting operation pri'cedes 
that of dyeing , not infrequently, however, the 
two operations take place simultaneously, and 
the dyeing is thus effected by the so-called 
‘ smglo-bath * or ‘ one-dip ’ method, as, for 
example, in producing cochineal scarlet on wool 
In such cases, the wool is boiled in a solution con- 
taining colourmg matter, metallic salt, and as- 
sistant, m certain accurately det(irminod lelative 
proportions Combination takes place between 
the colouring matter and the mordant, but the 
pigment which would otherwise be piecipitated, 
IS retained m solution by the liberated acid of 
the mordant or the assistant present, and is 
only gradually with di awn from solution by 
the fibre, which thus becomes dyed 

In the case of the ‘ acid-rnoidant ’ dye- 
stuffs, the application of the mordant follows 
that of the colouring mattei 

Silk may be mordanted in the same manner 
as wool, by boiling with metallic halt solutions , 
but, moio usually, it is steejied foi about 12 hours 
in cold solutions of the mordants previously 
rendered more or loss btusic and sensitive By 
subsequently washing with (calcareous) water, 
the metallic salt absoibed by the silk is dis- 
sociated, and an insoluble basic salt is pre- 
cipitated within the hbio 

Colton LS mordanted with metallic salts by 
processes very different from those adopted for 
wool and silk, since it has not the pioperty of 
causing the dissociation of tlie metallic salts when 
boiled or steeped in their solutions The methods 
adopted also vary according to the form of the 
material, % e whether it be cotton-wool, yam, 
or cloth. 

With calico, it IS usual to impregnate the 
fabric with solutions of metallic acetates^ then 
to dry it, and expose for se\eral hours to a moist 
warm atmosphere During this so-called ‘ age- 
ing ’ process, dissociation of the salt takes place, 
acetic acid ascapes, and a more or less basic salt 
remams fixed upon the fibre 

Sometimes the ‘ ageing ’ is replaced by a 
‘ steammg process,’ in which the fabnc is exposed 
from J to 1 hour to the action of high or low 
pressure steam in a closed chamber This method 
is adopted by the prmter of textile fabrics in the 
so-called ‘steam style,’ in which a mixture of 
colouring matter and metalhc salt (usually 
acetate) le prmted upon t'^e fabric, which is then 
dried and steamed. The metalhc salt is decom- 


posed, a basic salt is precipitated upon the fibre, 
and at the same time the mordant combines with 
the colouring matter and produces the colouied 
pigment ’J’hLs method is analogous to the 
smglc-bath process of the woollen dyer 

Cotton may also be mordanted by impreg- 
nating it with a metallic salt solution, drying, 
and then passing through a solution of an 
alkaline substance, e g ammonia, chalk, sodium 
carbonate, &c , to neutralise the acid and 
precipitate upon the fibre a basic salt or metallic 
oxide. Solutions of an alkali salt, the acid of 
which forms an insoluble compound with the 
base of the mordant, e g sociium phosphate, 
silicate, arsenate, &c , are also employed. The 
substances used in this manner for fixing the 
mordant upon the fibie arc termed fixing agents 
In some cases of mordanting, the cotton is 
first impregnated with the fixing agent {e g 
tannic at id, sulphated oil, &c ), then dried and 
afterwaids passed lluough the nioidaiit solution, 
as foi examjile, m Tuikcy-icd dyeing 

Sjiecial methods of mordanting cotton aio 
occasionally adojitcd, m accordance with the 
pioperties of the metallic salt employed Stannic 
oxide, for example, may be hxod on cotton by 
passing the fabiic thiough a solution of sodium 
staiinate, and tlicn thiough dilute sulphuric acid, 
and hnally washing Alumina is piecipitated on 
the hbie by the meio cxposuic to an of cotton 
impregnated witJi sodium aliimmate, m which 
case atmospheric carbonic acid is the active 
fixing agent 

The Uiromium mordants are of the first 
importance, since, with diflcrent colouring 
matters, they yield a considerable range of 
colours which aie rcmaikable for their per- 
manence ’The most impoitant chromium 
moidants are potassium and sodium dichro- 
mates, and they are more laigely used as 
moidants iii wool dyeing than ail otlier metallic 
salts Jn cotton dyeing they art‘ not used as 
mordants, but are fro(]uently employed as oxidis- 
ing agents, e g to di'volop the colour m dyc'ing 
catechu brown or anilme black Dichromates 
aie also used m producing ‘ ehiomo yellow ’ and 
‘ oiango ’ (chromates of lead) on (‘otton Chrom- 
ium lluoiido (CrDj,4H_,0) is also used to a 
limited extent as a mordant for wool Other 
chromium salts employed as mordants, chiefly 
for cotton, are chiome alum, chiomium acetate, 
and various chromates of chiomium. Chrome 
alum 18 obtained in large quantities as a by- 
jiroduct during tlici manufacture of ahzarin ; 
chromium acetate is prepaied by mixing together 
solutions of chrome alum and lead acetate 

Wool is mordanted with chromium by boilmg 
for 1-1 i hours in a solution containing 3 pc 
potassium (or sodium) dichromate calculated on 
the weight of wool. In many cases it is bene- 
ficial to add 1 p c sulphuric acid (sp gr. 1 84) 
or 15 pc hydrochloric acid (sp gr 1T6), or 
6 p c tartaric acid, or 1 to 2 p c. formic acid, 
whereby fuller or brighter colours are ultimately 
obtained When potassium dichromate alone 
is employed, partial decomposition of the 
salt occurs, accompanied by some reduction, 
the wool absorbing some chromic acid and 
chromium chromate as well as potassium di- 
chromate. When an addition of sulphuric 
acid 18 made, the wool absorbs only chromic 
acid. In both cases the mordantvd wool 
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has a yellow or buff colour, and only m the 
dye- bath does the reduction to the real mor- 
danting body, chromic oxide, take place withm 
the fibre through the interaction of the colounng 
matter When foimic oi tartaiic acid is the 
assistant employed, the mordanted wool has a 
green colour, i eduction of the chromic acid 
taking place already in the mordanting bath, 
and cliromic hydrate being deposited within the 
ivool substance If large amounts of potassium 
dichromatc arc employed in mordanting, especi- 
ally if sulphuric acid is also added to the bath, 
bad results may be obtained through the colour- 
ing matter being oxidised and destroyed by the 
excess of chromic acid present in the wool This 
defect IS known as ‘ over-chroming.’ In certain 
cases, potassium dichromatc may bo usefully 
applied in the same bath with the colouring 
mattei {e g with alizarin), or by an after pro- 
cess (c g in the case of camwood) 

Silk IS not usually moidanted with chromium 
It becomes mordanted, however, if boiled with a 
solution of potassium diehromato and tartaric 
acid after tlie manner of wool, but not if potas- 
biiirii dichromatc alone, or with the addition 
of sulphuiic acid, is employed The fibre is 
somewhat injured by this pio((*ss 

Goltmi may be mordanted with clirommm 
by impregnating it with a model ately concen- 
trated solution of chrome alum, diying, and 
passing through a boding solution of sodium 
carbonate or caustic soda Bettor results are 
obtained by the use of ‘ chromium mordant 
G A J ’ or ‘ G A II ’ (M L & B ), which are 
solutions of chromium chromates Other satis- 
factory mordants for cotton arc chromium bi- 
sulphite (Knecht) and sodium chromite (Koech- 
lin) A method in vogue with the printer is to 
impiegnatc (pad) or print the cotton with a 
mixtuie of colourmg matter and chromium 
acetate, diy and steam (‘ steam colours ’) 

The chief aluminium mordants employed for 
icool aio aluminium sulphate and alum The 
best les lilts are usually obtamed by boiling the 
wool for 1-1 J horn’s with a solution of 8-10 p ( 
of the aluminium salt calcuhitcd on the weight 
of the wool, with the addition of cieam of tartar, 
in the pioportion of 3 mols to 1 mol aluminium 
sulphate Aluminium tartiate also gives ex- 
cellent le^jults, but it IS clieaper to allow this 
salt to be formed in the moidanting bath itself 
111 the manner dcsciibed With some colouring 
mattei-s, oxalic acid or potassium binoxalate are 
to be preferied as assistants to cream of tartar 
Silk IS mordanted by boiling with ddute 
aluminium sulphate solution, or by steeping 
24 ho Ill’s m a concentrated solution, and then 
washing m water, prcfcrablv calcareous 

'fhe methods of mordanting cotton with 
aluminium are vaiious It may be impregnated 
with a model ately concentiatcd solution of 
alum or aluminium sulphate, dried, and then 
passed for a few minutes into a hot solution of 
sodium phosphate, arsenate, oi sihcate, or am- 
monium carbonate Or the cotton may be 
impregnated with a cold solution of neutralised, 
sulphated oil, or of tannic acid, then dried, and 
steeped m a solution of aluminium acetate or 
basic alummium sulphate Another method 
consists in impregnatmg the cotton with a solu- 
tion of sodium aluminate, drying and exposing 
to the a.j, or passing through a solution of am- 


momum chlonde. Normal and basic alumimum 
acetates are also employed, the cotton bemg 
impregnated with their solutions, then dried, 
and exposed to a moist warm atmosphere 
(‘ agemg ’), and finally passed through a hot 
solution of , c (7 , sodium arsenate. The alumin- 
ium acetates employed . are prepared by dis- 
solving aluminium hydrate in acetic acid, or by 
decomposing a solution of alummium sulphate 
with calcium or lead acetate (‘red liquor’). 
The more basic the alumimum salts arc, the 
more leadily do their solutions precipitate by 
heating or on dilution with watei, and the 
larcer the quantity of alumina they yield to 
tne fibre when used as mordants 

The chief troji mordants employed are ferrous 
sulphate and acetate, and ferric sulphate, ace- 
tate, and nitrate 

3’he ferrous acetate employed is made by dis- 
solving scrap iron m pyroligneous acid The 
‘ pyioligmte of non ’ or ‘ black iron liquor ’ thus 
ootamed is preferable to that made by the 
mutual decomposition of ferious sulphate and 
lead acetate solutions, being less liable to oxidise 
because of the presence of tarry matter and 
reducing agents, eg pyiocatechol, &c Ferric 
sulphate is prepared by heating a mixture of 
definite proportions oi ferrous sulphate, sul- 
phuric acid, and mtric acid. Although the 
last- mentioned substance is only used as an 
oxidising agent, the linal preparation is generally 
termed by dyers ‘ nitrate of iron ’ The so- 
called ‘ pure nitrate of iron ’ (ferric nitrate) 
IS prepared by dissolving scrap iron in nitric 
acid 

Wool may be mordanted by boilmg in a 
solution of 7 p c ferric sulphate [Fe_j(S04),J and 
4 p c potassium binoxalate, calculated on the 
weight of the wool, but iron is now very little 
used as a moidant for wool 

Silk may be mordanted by steeping for about 
12 hours m a cold solution of pyroligmto of 
non (sp gr 1 025), and afterwards washing well 
The most usual mordant, employed largely in 
black-silk dyeing, is the basic ferric sulphate 
Fe4(IS04)5(0Il)^ The silk is steeped m a some- 
what concentrated solution of tins salt (sp gr 
1 25) for about 1 hour, then squeezed and well 
washed 'Fhe operations are repeated seven oi 
eight times, after which the silk is boiled in an 
old soap- bath and finally washed In this pro- 
cess, the very sensitive basic feme sulphate ab- 
sorbed by the fibre is decomposed during the 
sevcial washings, a still more basic and insoluble 
salt being precipitated within the fibre 

Colton IS usually mordanted with iron by 
first impregnating it with a cold solution of tan- 
nin matter (e g myrobolans), and then, with or 
without drying, passing into a dilute solution of 
ferrous acetate, feme sulphate, or nitrate (sp.gr 
1 01-1 02) The cotton may alternatively bo 
imjiregnated with ferrous or ferric acetate, oried, 
and exposed to a moist warm atmosphere (‘ age- 
ing ’), finally fixing the mordant by passing 
through a hot solution of, e gr , sodium phosphate 

Tin mordants are now rarely used, but if 
required the stannous salts are employed for 
wool and the stanmc salts for cotton. The chief 
stannous mordant is stannous chloride or ‘ tm 
crystals ’ It is frequently sold as a somewhat 
acid solution under the names of ‘ single muriate 
of tin* (sp.gr. 1-3), or ‘double muriate of 
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(sp.gr. 1’6). The general name * tin spirits ’ 
^en to a variety of solutions of tin in mixtures 
^drochlonc, sulphunc and nitric acids. 

Vodl is mordanted by boiling in a solution 
lining 6 p c of the weight of wool of stan- 
chlonde, and 6-10 pc cream of tartar 
e proportions of stannous chloride should 
nctly avoided, otherwise the dyed wool feels 
1 and its general properties are impaired 
ilk may be mordanted m the same manner 
ool, or steeped several hours m a more 
js concentrated solution of stannic chloride, 
;hen well washed 

otton is mordanted with stannic oxide by 
3gnating the cotton with cold tannin solution 
sumach) for 3 hours, then squeezing, and, 
or usually without drying, steeping 1 
in a dilute solution of stannic chloride 
’ 1 02), and washing Cotton thus mor- 
5d was much used formerly for fixing 
ant dyes — peachwood, logwood, &c , m 
i c<ase the stannic oxide constituted the 
ant, the tannic acid acting as hxing agent 
that the basic coal-tar dyes arc so much 
)yed in dyeing cotton, although the same 
[)d of mordanting is emjiloycd, the rdle.^ of 
n salt and tannic acid are rcvcised, for it 
by the tannic acid which is the essential 
ant, while the stannic chloride serves only 
' fixing agent 

3id mordants are employed for fixing Iwic 
nng matters on cotton They arc not used 
ol or silk dyeing, since these fibres them- 
act as acid mordants, and are dyed 
ly without the aid of any external mordant 
innic acid is the mordant 'par cxcelinue 
icing the basic coal-tar colours on cotton 
ibro absorbs tannic acid from its cold soln- 
and, when thus prepared, if immcised 
solution of a basic colouring matter, the 
* acid combines with the colour base, a 
•ed lake is formed witliin the substance of 
ire, and the cotton becomes dyed During 
y^cing process, the acid originally in com- 
on with the colour base is disjilaced, and 
in the free state it interferes with the com- 
formation of the colour lake, it is found 
oial to add a small proportion of sodium 
late or acetate to the dye- bath 8ince the 

bes of colour bases are somewhat soluble, in 
of tannic acid or in alkaline (or soap) 
ms, it IS necessary in practice to fix the 
acid on the fibre, previous to dyeing, in the 
)f an insoluble metallic tannate This is 
>y passing the tannic-acid-prepared cotton 
;h a hot or cold solution of tartar emetic or 
c chloride , tannate of antimony or tin is 
ixed on the fibre, and these salts have as 
in affinity for the colour base as free tannic 
as. Ootton thus mordanted and dyed is 
)ly permeated with a very insoluble double 
e of antimony or tin and colour base ; a 
compound which is insoluble in alkaline 
ns, and therefore fast to washing with 

LC. • 

3 tannin mordants, chiefly used by the 
re gall nuts and sumach, for light colours ; 
nyrobolaiis, divi-divi, quebracho, and 
it extract, for dark colours and blacks 
already pointed out, tannic acid is some- 
isod as a fixing agmt for tin, iron, or 
Lum mordants, and since its iron com- 


pound is of a bluish -black colour, it sometimes 
serves as a useful colouring matter. 

Tannic acid is not used as a mordant for 
wool, but for silk it is largely employed, partly 
for adding weight to the silk, and partly for the 
purpose of dyeing it black m conjunction with 
iron mordants Its utility as a weighting agent 
IS owing to the fact that under suitable con- 
ditions silk absorbs as much as 25 p c of its own 
weight of tannic acid from a hot solution, 
whereby the fibre gams not only in weight, but 
also in volume 

Fatty acuh arc used as mordants, very much 
in the same way as tannic acid, for fixing 
the basic coal-tar colours on cotton They are, 
however, not attracted by cotton from their 
solutions, but they form insoluble lakes with 
the colour bases 3’ho method of procedure 
is to impregnate the cotton with a more or less 
concentrated solution of their alkali salts, viz 
soap , after drying, the fabric is passed through, 
or preferably steeped in, a cold solution of 
aluminium sulphate, and washed Although the 
fatty acid is thus fixed on the libie as an insoluble 
aluminium soap, it is still capable of combining 
with the coloui base when the cotton is passed 
into a solution of a liasic colouring matter 
(V)loiirs dyed by tins method arc brighfer than, 
but not so fast to washing as those fixed by 
means of tannic acid 

Instead of ordinary soap, a more con- 
venient fatty-acid mordant to employ is tlie 
so-called ‘ sulphatc'd oil ’ 'I’lns is prejiarcd bv 
mixing two parts by weight of castor oil with 
about one parf. ot sulphuric ac’<l (.sp gr 1 S4), and 
allowing the mixtuii' to stand for 24 hours It 
IS then washed with a strong solution of common 
salt to free it tiom excess of acid, and is finally 
neufralised with ammonia or caustic soda Th(‘ 
product ot the action of the acid upon the oil 
IS somewhat comjilex, but its practical utility 
depends upon the fact that it behaves like a 
fatty acid and gives an extremely soluble soaj) 
with alkalLs Ordinary castor-oil soap pro- 
duced by boiling the oil with caustic soda is 
also very soluble, and may be used as a mordant 
Sulphated oil is frequently called ‘ 4’urkey- 
red oil,’ ‘ ali/arm oil,’ and ‘ soluble oil,’ since 
it IS largely used m the modern short procc'ss 
of Turkey-red dyeing as the fixing agent foi 
the necessary aluminium mordant, and it gives 
the characteristic brilliancy of colour obtained 
by the use of the oil preparations formerly 
employed Monopole oil is a similar product 

Phenolic colouring principles, e g alizarin, 
and ceitain acid colouring matteis derived 
from benzideno,,. stilbene, fluorene, &c (the 
direct cotton dyes) can also be fixed on cotton, 
and serve as mordants for b<asic colouring mat- 
ters, but they are only occasionally used for this 
purpose for the production of compound shcades 

ConouRixa Matters 
(For Classification, see p 575) 

General Methods of AprLTCATioN 

Class I — Mordant dyes. This group of dye- 
stuffs includes the majority of the natural dye^, 
also the n .imerous class of alizarin dyes^ a number 
of derivatives of pyrogaUol and other phenols, 
and certain azoqmnone -oximes and nitroso- dyes 
' The following are the chief members of the group 
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Mordant dyes of natural origin — Tvogwood ; matter which is imperfectly fixed ; but, however 
madder ; cochineal ; limawood and other thorough the washing may be, there is usually a 
‘ soluble redwoods ’ ; camwood and other small amount of colouring matter present on the 
‘ insoluble redwoods ’ ; fustic ; weld ; querci- dyed wool, which has merely been absorbed 
tron bark and flavin. without combining with the mordant. This 

Synthetic mordant dyes ■ — Alizarin ; anthra- free colourmg matter will dissolve out or ‘ bleed ’ 
purpunn, flavopurpurin, and purpurm ; nitro- during milling or scouring, because most mor- 
al izann (alizarin orange) , alizarin maroon dant dye^ are readily soluble in alkaline solu- 
(aminoalizann) , alizann bordeaux , anthra* tions A slight supplementary mordanting 
cone brown, alizarin blues, alizarin cyanins , (‘ afterchrommg ’) is frequently used to fix this 
anthracene blues ; ali/ann greens , coerulem , small amount of free dyestuff 
anthracene yellow ; mordant yellow, galloflavin, The ‘ dyeing and saddening ’ method is not 
&o ; .alizarin black; gal loin ; gallocyanin , much used with the true mordant dyestuffs, but 
cmlostme blue , naphthol green, dark green, is the chief process used in applying the acid mor- 
gambine, &c dant dyeJi Since the ultimate intensity of colour 

The mordant dyes are largely used in the depends chiefly upon the amount of dyestuff 
dyeing of wool and in the dyeing and printing of which is fixed in the hrst bath, whilst the colour 
cotton and silk (generally speaking, they yield is only developed by the mordant in the second 
colours which are of great fastness to light, bath, it is obviously more difficult to exactly 
soaping, acids, alkalis, bleaching agents, &e match a pattern when this process is used than 
As regards cotton dyeing, they have largely been when the mordant is applied first 
replaced by ‘after-treated’ direct dyes and the In the single -hath'' method of dyeing, the 
very fast vat and sulphide dyes recently intro- bath is prepared with tlio necessary amount of 
diiced mordant and dyestuff with an addition of 

When a fabric, previously mordanted with sufficient acid (usually oxalic or acetic acid) to 
a metallic salt, is dyed with a mordant dye, a ilissolvo the colour lake formed This process 
chemical reaction takes place, resulting in the is therefore only suitable when the colour lake 
formation of a new compound which is the is soluble in dilute acid, and this is particularly 
actual eolounng substanee , this compound characteuslie of the tin and aluminium colour 
being, at tlie same time, fixed ujion the fibre, lak(‘s , although the singlo-bath process is also 
which thus becomes dyed These colcnir hden frequently applicable in the ease of ferrous 
or pigments may, for the most part, be equally sulphate or chromium fluoride mordants 
well jiroduced by bringing together the mordant O'Jie dyeing of silk with mordant dyes — ^The 
and the dyestuff under suitable conditions m the mordant dyes are not very largely used on silk, 
absence of the fibre Many colour lakes of this chiefly because they detract somewhat from the 
class are indeed manufactured m bulk for U'^e m lustre of the fibre The degree of fastness of 
printing or painting. the acid dyes, if suitably selected, is, moreover, 

There are three' methods by which mordant usually suflicient for the requirements of the 
dyes may be applu'd • (1) the moi dant may be silk d^er The methods of mordanting have 
first applied to the fibre, and aftcrwaids the already been dealt with Dvemg must take 
dyestuff m a separate operation (‘ mordanting place at the boil for about an fioiir, and the silk 
and dyeing method ’) , (2) the order of applu a- is subsequently bnghtimed by woiking in a 
iion of mordant and dye may be reversed warm dilute solution of acetic or tartaric acid, 
(‘ dyeing and saddening iiietliod ’) , or (3) the and dried without washing 
mordant and dye-stuff may be applic'd siiniil- Dyeing of cotton with mordant dyes — ^Tbe 
tancously (‘ single-batb nu'thocl ’) All three ‘mordanting and dyeing’ method is generally 
methods are in use ff equally good lesults (an used in cotton dyeing Aluminium is the chief 
bo obtamed, the ‘ singlc-bath ’ process is to be mordant employed, and, in conjunction with 
preferred, but usually the ‘mordanting and alizann, it yields the important Turkey-ied dye 
dyeing ’ proee^^s gives the maMmiim fastness 'Phis is a cornjilex eompoimd containing an 
The diping of wool with mordant dye-t — abzarm-aluniinium-caleium lake in combination 
When potassium diehroinatc is e,m])loyed as with polymerised fat acids Jn the production of 
mordant, the '‘mordanting and dyeing process this eoloui, the cotton is fii-st prepaied with 
IS usually preferable, because, m the ‘ single-bath’ suljihatod oil, then dried, mordanted with alum, 
process, the acid necessarily added to dissolve and ’subsequentlv dyed with alizann ’J’he 
the eoloiii lake fortiiecl in the dye-bath, converts complete piocess mvolvc's a large number of 
the mordant into such a powerful oxidising operat.ions, for the details of which manuals of 
agent by liberating ehromie acid, that most dyeing must bo consulted The dyeing of 
dyestuffs are injuriously affected In tlio two- Mhirkey led is a very ancient process, having 
bath process, the wool should bo thoroughly been earned out centimes ago m India by the 
washed after mordanting If this operation is aid of milk (as fatty matter) and munjeet, the 
omitted, a poition of the mordant passes from Indian madder plant No alum was employed, 
the wool into the dye-bath, and, combining with but the plant with its earthy incrustations con- 
an equivalent amount of eolounng matter^ forms tamed sufficient alumina to produce the alumina 
a precipitate which floats about m an insoluble lake The art spi^ad from the East through 
condition. This not only loads to loss of dye- Persia and Turkey, and was first introduced into 
stuff, but also tends, by superficial absorption, this country (Glasgow) in 1790 Madder has 
to cause the dye to ‘rub off ’ The dyeing now been entirely replaecd by synthetic alizarin 
process consists in boiling the wool for from 1 to in Turkey-red dyeing, and the substitution of 
2 hours with the colouring matter m aqueous ‘ sulphated oil ’ for olive oil or soap has also 
solution The final washmg, after dyeing, has greatly simplified the p'*ocess. 
for its object the removal of any eolounng Another important mordant dye on cotton 
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is logwood black, which is obtained by dyeing 
with logwood on tannm-iron mordant. It is 
largely used in hank and warp dyeing. Catechu 
brown is produced by the * dyemg and sadden- 
ing * method, the cotton being first steeped in 
a strong solution of catechu, and subsequently 
treated with potassium dichromate The latter 
acts essentially as an oxidising agent, producing 
the so-called japonic acid on the fibre 

A great variety of permanent and bright 
colours may be obtained with mordant dyes on 
cotton mordanted with chromium or aluminium, 
but they are not very largely used, fast colours 
being chiefly produced by means of the sulphide y 
vaty and ingrain dycii (Classes VI , Vlf , VTII ) 

CiuAss II — Acid-mordant dyes. These dyes 
are suitable only for wool and sdk, and are 
largely used on wool They arc now very 
numerous, and are chiefly azo- compounds con- 
taining salicylic acid or orthoaminophenol com- 
ponents Some, however, are anthracene or 
pyrogallol derivatives. Unlike the mordant 
dyes, they usually contain siilphomc acid 
gioups 

Many of the acid-mordant dyes may be 
employed as ordinary acid dyes, since a mordant 
is not essential to the development of their 
colour. Usually, however, such dyestuffs pro- 
duce faster colours when applied in conjunction 
with a mordant 

An exhaustive list of acid-mordant dyestuffs 
cannot be given, but the following will serve as 
examples They include dyes giving a complete 
range of colours Reds acid-ali/arin, anthra- 
cene, chrome, cloth and milling reds Orange<i 
and cloth oranges and yellows, alizarin 

yellows (certain marks are mordant dyes), 
chrome yellows, milling orange and yellow, 
diamond, and mordant yellow Gieen^ acid- 
alizarm, chrome, diamond and milling greens 
Rlueji • acid-alizarin, brilliant-alizarin and 
chrome blues , chromotropes (chromotiopes dye 
red as acid dyes). Violets alizcirin heliotropes , 
anthraquinone and chrome violets , fast violet 
Blochs and greys : acid-alizariii, acid-chromc, 
anthracene-acid, anthr.u’cnc chrome, chrome, 
chromotrope and diamond blacks Browns 
acid- alizarin, acid-anthraccnc, chrome, cloth, 
diamond, and palatine browns ; chromogen 

Dyeing of wool with acid-mordant dyestujjs — 
The usual method of application of this class of 
dyestuffs is to prepare a bath containing the 
necessary amount of dyestuff along with 1 to 
3 p.c sulphuric or 3 to 5 p c acetic acid, and 
5 to 10 pc sodium sulphate (Olaiibei s salt) 
(all calculated on the weight of wool) A^ter 
the solution has been brought gradually to the 
boiling-point, the boiling is rontmued until the 
colounng matter is entirely fixed, an additional 
amount of acid being addecl if necessary Excess 
of acid, however, frequently retains the dyest uff 
in solution The wool is then removed from 
the bath, the metallic salt is added, and the 
wool IS again boiled in the bath for half an 
hour. In most cases, potassium dichromate, 
to the extent of one-half the weight of the 
dyestuff, is the mordant employed 

A modification of this process is used with 
the metachromc senes of dyestuffs The meta- 
chrome mordant is a mixture of yellow potassium 
chromate and ammonium sulphate. The bath 
is prepared with 3 to 6 p c of this mordant 


together with the dyestuff. A prolonged boiling 
is necessary, during which the ammonium salt 
IS decomposed, ammonia being evolved and 
the liberated sulphuric acid gradually converts 
the chromate into dichromate and ash ists in the 
fixation of the dye and the formation of the colour 
lake 

The anthracene chromate dyes are applied in 
a bath containing colouring matter, dicliromatc, 
and soebum sulphate , this being another 
modification of the usual process. 

The mercerol and autochrome dyes are also 
applied by special processes 

The acid-mordant dyes are of increasing 
importance in wool dyeing, but are little used on 
silk, and not at all on cotton 

Class III — Acid dyestuffs. The acid dyes 
constitute the most numerous class of synthetic 
colouring matters 3 he chief chemical groups 
of acid dyes are azo- dyeSy nitro- compounas, 
sidphomifed basic di,es, and phthnleins , the 
gri'atest number being azo- dyes The azo- dyes 
contain few greens, blues, and violets , but the 
reds, oranges, yellows, browns, and blacks are 
very numerous The nitro- compounds are few 
in number and are all yellows, the chief being 
picric acid and naphthol yi'llow The greater 
number of the sulphonated basic dyes, on the 
other hand, are greens, blues, and violets, but 
acid magenta belongs to this gioiip The 
resorcin or phthalein dyes are chiefly brilliant 
pinks or reds, the eosms being the most im- 
portant group 

So extremely numerous arc the acid dyes, 
and their names are so varied, that no useful 
pui])Oso would be served by the enumeration of 
a small number of the products 

The dyeing of wool with acid dyes — The 
commercial acid dyes are, m most cases, the 
sodium salts of sulphonic acids The nitro- 
compounds, how(‘ver, owe their acid charactei 
to the presence of nitro- groups in t-he molecule 

The simplest and most usual method of 
dyeing acid colours on wool is to prepare a bath 
containing the requisite amount of dyestuff 
with I to 4 p c of sulphuric acid and 10 to 20 
p c of sodium sulphate (Glauber’s salt) The 
wool IS dyed m this solution for about an hour, 
boiling for the greater part of the time Some 
dyes ref(uire smaller, and some laiger percentages 
of acid The sodium sulphate has a levelling 
influence on the fixation of the dyestuff, piobably 
by reason of the solvent action which it exerts, 
since acid dyes are readily removed (‘ stripped ’) 
from wool by boiling in a solution of sodium 
sulphate Anothci reason is to be found m the 
ridarding action which it exerts in the liberation 
of the free colour acid by the sulphuric acid 
The equation, which may be expressed as • 

Colour salt -j- H 2 vS 04 ^ colour acid -f Na 2 S 04 , 

IS reversible (See also M Firt, Theory of the 
Acid Dyebath, 3 Soc Dyers, 19 It), p 33.) 

vSodium biBulphate or ‘ nitro cake ’ may be 
used m place of the sulphuric acid and sodium 
sulphate, or the sulphuric acid may be entirely 
replaced by acetic or formic acid. 

In the case of dyestuffs which do not readily 
produce level colours on the fabric, the acid 
may bo added to the bath gradually m small 
portions at a time, or may be substituted by 
an ammonium salt, e g ammonium sulphate 
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or acetate The acid is then lirjerated very 
gradually as the ammonium salt is decomposed 
m the boiling bath, and the colouring matter is 
therefore converted very slowly from the con- 
dition of the soluble sodium salt to that of the 
more or less insoluble free sulphonic acid 

The dyetng of silk with acid dyes — Acid dyes 
are very largely used in silk dyeing They are 
applied in a bath containing a large quantity | 
(up to 25 p c, m volume) of ‘ boiled-off ’ liquor, , 
the soapy solution of the silk gum obtained in I 
the ‘ ungumming ’ of raw silk The bath is | 
rendered slightly acid by means of sulphunc, i 
acetic, or formic acid Dyeing usually takes | 
place at about 80^, at which tem])erature silk has I 
more affinity for acid dyes than in a boiling bath | 
After dyeing, the silk is waslied and is then ' 
‘ bnghteped ’ by working in a cbluto (sulphuric, ! 
a( otic, or tartaric) acid solution and dried | 
without wjushincr 

The dyeimj of rollon with acid dye9 — There is 
no satisfactory method of fixing the acid dyes 
upon veg(‘tabfe fibres, but for cheap work they 
are often luiplied by a ‘ padding ’ process 

C^LAss Tv — The direct dyes. The direct dyes 
have the special property of dyeing cotton 
without tlie aul of a mordant Like the acid 
dyes, they are for the most jiart a7o- compounds, 
but contain the chromophor —N—N— twice in 
the molecule, nnd tliiis bidong to the tetra70- 
group of azo- dyes IMiey further resemble the 
acid dyes m that tliey are alkali salts of suL 
phonic acids, but as regards dycung jiroperties, 
they difT(‘r greatly from the simpler azo-acid 
dyes Since the introduction, in 1884, of the 
first of the direct dyes, a veiy large number 
have been placed on the market, ancl the group 
contains dyes of all coloui’s — reds, oranges, 
yellows, gieens, blues, violets, browns, ancl 
\dacks As examples of these dyes may be 
mentioned the congo, ben^'o, diamine, mikado, 
titan, and olilorazol dyes 

Primuliiie is an example of a direct dye 
which is not an azo- compound It contains the 

ch rom o ] )h or ! — 

Turmeric is the only important natural direct 
dye for cotton 

The direct dyes are largely used upon all 
fibrcj^ No satisfactoiy explanation has been 
given of the fact that they readily dye cotton, 
whereas the acid dyes are entirely devoid of 
this property The further fact that the direct 
dyes dye wool in a neutral, or even slightly 
alkaline bath, whereas the acid dyes rcquiic 
the addition of acid, also requires explanation. 

7'he dypiiiq of wool with diircl r/yo*? — T he>se 
colouring matters are applied to wool m a neutral 
or feebly acid batli with »r without the addition 
of sodium sulphate ((tlauber’s salt). In some 
cases, an after-treatment with a metallic salt 
gives improved fastness, tlie dyes then practi- 
cally falling into the class of acid-mordant dyes. 
As a class, the direct dyes on wool are much 
faster to milling than the ordinary acid dyes 
When fixed on wool, they are also faster to acids, 
washing, and light than when dyed on cotton 
Tu some cases, the colour produced by a direct 
dye on wool and cotton is identical, in other 
cases it differs considerably 

The dyeing of silk with direct dyej. — ^These 
dv'cs are largely used on silk both for self shad )S 


and also on account of their property of pi 
manent reduction to colourless bodies, in the £ 
called ‘ foulard ’ style of printing. They 8 
applied in a similar manner to tlie acid dy 
but smaller amounts of ‘ boiled-off liquor ’ a 
acid are required 

The dyeing of cotton with direct dyes . — T 
application of the direct dyes to cotton is ve 
simple They are dyed either from a cold, lul 
warm, or boiling solution, to winch is added 
small amount (up to 2 p c ) of sodium car bona 
and an amount of a neutral salt ( up to 20 gra 
NaCl or Na SO4 per litre), which is governed 
the solubility of the dyestuff employed At 1 
temperatures more concentrated solutions 
colouring matter arc required. Bnghter coloi 
are obtained by passing tlie dyed matei 
through a solution of Turkey-red oil before d 
ing or by adding this suKstance to the dye-ba 

Mercerised cotton has a much grea 
affinity than ordinary cotton for the direct dy 
and in dyeing this fibre special precautions . 
necessary to produce level colours 

Many of tlie direct dyes produce on coti 
colours of great brilliance and nebness, 1 
they bleed out into hot water, and are s 
I more readily attacked by soap. Most of th 
are also comparatively fugitive to light. 

There arc three processes by means of wli 
the fastnesH-propeities of certain of the dir 
dyes can be improved 

1 The ibazotising and developing procp<if 
This jirocess is applicable only in the case 
those dyestuffs in wbieh ammo- groups 0 
stitute the auxo( lirome The cotton is i 
dy(‘d by the general process above dosenh 
then washed, and afterw^ards worked for a 
niomenis m a cold dilute solution of nitrous a 
(2 pe NaNO, and 4 pc H(d on the wci 
of the cotton) This treatment diazotises 
ammo- groups The cotton is then well was 
in cold water and entered immediately into 
developing bath, which contains a solution ( 
phenolic or amino- eompound ; suffieiont al 
or acid respectively being added to bring 
‘ developer ^ into solution The chief doveloj 
used are phenol, resorcinol, a- or )8-napht] 
aminonaphtliol, aminodiphenvlamme, m-to 
enecliamine, and certain of the naphl 
I sulphonic acids 

I Priniiilinc is applied by the process 
I desenbed 

I A modification of this method is knowr 
I the * coupling process ’ The cotton is first d 
' with the direct dye, and, after rinsing, is wor 
j in a diazotised solution of the ‘ coupler ’ ' 

I chief body used as coupler is p-nitraml 
Ready prepared stable diazo- compounds of 
[ base are sold under the names ‘ nitras 
‘ azophor red,’ and ‘ mtrosamine red * 

I 2. After-treatment vnth metallic salts - 
j this process for improving the fastness of 
I direct dye-s on cotton, the fibre is first dyei 
i the ordinary way, and then, after rmsme 
treated for half an hour m a warm slightly a( 
fied solution of a suitable metallic salt The p 
chiefly employed are copper sulphate, potass 
j dichromato, and chromium fiuonde ; from 1 
c with addition of 2 to 4 p c. of acetic 1 
eing used. A mixture of the two first-n 
I tioned salts is frequently used This proce£ 
i mainly employed in the case of blues, gre 
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browns, and blacks. The chromium salts exert 
the greatest influence in increasing the fastness 
to washing, and the copper salt m regard to the 
fastness to light 

This process is only applicable to the case of 
dyestuffs containing free OH or OOOH groups 

3 After-ireatmmt with formaldehyde — ^’his 
rocess^ which is chiefly used for navy blues and 
lacks, is earned out by working the dyed cotton 
for half an hour at 70° m a solution containing 
about 3 p c formaldehyde (on the weight of the 
cotton) The fastness against washing is con- 
siderably improved thereby. 

Cotton dyed with direct dyes may be 
* topped ’ with basic dyes, for which the direct 
dyes act ixs mordants 

(^LAss V — The basic dyes. This group of 
colouring matters is numerically smaller than 
the mordant, acid, oi direct dye groups It 
includes, however, tJie most brilliant dyes known, 
rhodanune pink, auramine yellow, malachite 
green, methylene blue, ,ind uu'thyl violet being 
well-known examples. 

The basic dyes are very diverse m their 
chemical constitution Many arc derivatives of 
di- or tri-phenylmethane (magenta, malaelnt/o 
green, methyl violet) , otheis are a/o- compounds 
(chrysoidme, Bismarck brown) , some are azine- 
dcrivatives (safraninc and indulinc) , whilst the 
thia'ines contain suljihur as an (‘ssential con- 
stituent (methylene blue) 

The commercial basic dyes arc usually 
hydrocliloridcs of the coh^ur bases, but some 
are acetates, oxalates, sulphati's, or /me chloride 
double salts They are fharactensed by great 
tinctorial power, 1 p c being usually suflieient 
to produce a full rich colour As a class, they 
are not fast to light 

Janus dyes. These occ'upy an mtcrmcduite 
position between the basic and the direct dy(‘s 
They are azo- dyes of strongly basic character, 
and possess an extraordinary aflmity for both 
animal and vegetable libres They arc only of 
slight importance 

2’he di/nng of wool ivith ha sic chjc^ — These 
dyes aio little used on wool, the aeid dyes being 
applied m an ccpially simjile manner and pro- 
ducing faster colours Wool has a strong afhiuty 
for basic dyes, and readily becomes dyed if 
immersed in their solutions A small amount 
of sulphuric or acetic acid may usually be added 
with advantage Certain of the basic dy(‘s, 
e (j Victoria blue, are very fast to milling wh(*n 
dyed on wool, and such are still emyiloyod 

2'hp dyeing of silk with basic dyes — Members 
of this group of colouring matters are largely 
used by the silk dyer when fastness to light is 
not important The silk yarn is dyed at 
60°-S0° in a slightly acidified solution of the 
dyestuff, to which is added some ‘ boiled-off 
liquor ’ After rinsing, the dyed silk is brightened 
in a dilute solution of acetic or tartaiic acid 

I'he dyeing of cotton with basic dyes, — Cotton 
has little aflimty for basic dyes, which, on this 
fibre, must therefoic be applied m conjunction 
with a mordant, and since the dyestuffs of this 
class are basic in character, the mordant must be 
of an acidic nature 

Three types of acid mordants are available, 
viz tannin matters, fat acids, and colour acids 

1 Tannin mordents — ^As mentioned in 

dealing with the mordants, cotton has a natu al 


affinity for tannic acid, which it withdraws from 
solution Since tannic acid forms lakes with the 
basic colouring matters, cotton thus prepared 
may be dyed with basic dyes, but the colours 
produced in this manner are not fast against 
washing As previously explained, however, 
if after mordanting with tannin the cotton is 
treated with a salt of antimony, tin, or iron, an 
insoluble metallic tannate is formed on the fibre, 
which compound has the same affinity for basic 
dyes as tanmc acid has The fastness properties 
of the double tannate of colour base and metal 
are much superior to those of the simpler 
tannates of the colour bases 

For the production of pale or bright colours, 
commercial tannic acid, gall nuts, or sumac arc 
the tannins employed 'J’hc cotton is saturated 
(‘ padded ’) with a solution of 2° to IVTw 
strength, or steepcfl foi 2 to 3 hours in a solution 
containing 2 to 5 p c tannic acid or 10 to .30 ji c 
ground gall nuts or sumac , the amount being 
calculated on the wTiglit of cotton The yarn or 
fabric after squeezing is tlun at once passed into 
a ‘ fixing bath ’ containing J to 2 5 p c of tartar 
emetic or an eijiuvalent amount of antimony 
oxalate or fluoride After w(‘ll washing, the 
cotton IS dyed with 0 1 to J p c of basic dye 

Additions of acetic acid to the tannin bath, 
ammonium chloride and chalk to the fixing bath, 
<uid a little acid to the dye-bath, are fieqiiently 
made The moidanting and fixing baths may 
be used for several successive lots of material 

If the biightcst jiossiblo shades are not rc- 
quiicd, some cheapei tannin matter (myrobolans 
or quebracho) may be employed, and stannic 
chloiide may rejihice tartar emetic as fixing 
agent For dark shades, ferrous acetate (‘ black 
iron liquor ’) is used as fixing agent, the blue- 
black tannate of non producing a composite 
colour with the basic dyestuff 

2 Fatty moidanh — If Tiiikey-red oil or 
soap is used as mordant, the colour produced 
witli a given basic colour is brighter, but less 
f<ist, than when tannin moidant is used 

The fat acids arc fixed on tlic cotton as 
metallic salts, usually aluminium salts ; the 
fibre being first saturated with a solution con- 
taining 1 lb of suljihated oil or soap per litre, 
then clued and passed into a solution of alu- 
minium acetate (‘ red liquor ’) of about 8°Tw. 

3 Colour acids as mordants — Mention has 
already been made of the fact that the direct 
dyes act as mordants towards the basic dyes, 
compound shades being thus obtained Mordant, 
sulphide, and acid dyes also posse<^s the property 
of attracting basic dyes, but tlicse combinations 
arc not much emploved. 

The dyeing of 'fate with basic dyes — Although 
jutc is a vegetable fibre, it docs not consist of 
free cellulose*, but of a bastosc-cellulose com- 
pound, corchoi obndose (Cioss and Bevan) The 
dyeing properties of this substance differ 
matc‘rially from those of cellulose , jute, in fact, 
behaving in a very similai manner to tannin- 
mordantod cotton, and dyeing direct with basic 
dyes. 

Class VI — The sulphide dyes. The dyes of 
this group are numerous and important They 
are chi fly employed for the production of fast 
blacks, blues, greens, browns, and yellows on 
cotton and other vegetable fibres. They come 
into the market in the form of powders, which 
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are usually insoluble in water, but soluble m 
solutions of sodium sulphide They are also 
rendered soluble by other reducing agents, 
e g. sodium hydrosulphite or glucose in alkaline 
solution 

The sulphide dyes are commercially known 
under such names as . sulphur, sulphurol, 
thiogene, thionol, thional, thioxine, cross-dye 
immedial, katigon, kryogen, pyrogen, pyrol 
rexoll, eclipse, vidal, or auronal dyes They are 
produced oy melting together under suitable 
conditions aromatic mtro-, amino-, or im mo- 
compounds with sulphur and sodium sulphide 
Tlie constitution of the sulphide dyes is not 
known, but the commercial products are pro- 
bably mixtures of poly mom or hornologues and 
not homogeneous bodies. Tliey contain free 
sulphur in amount varying from 1 to as much as 
12 p.c (Gardner and Hodgson, J Soc (^hem 
Ind 1910, 672), and also contain very variable 
amounts of sodium sulphide and polysulphides 
The, dyeing of wool with sfidphide dyes — Wool 
IS rarely dyed with sulphide dyes, on account of 
the injunous action of sodium sulphide on the 
fibre The wool may bo protected to some 
extent against this action by the addition to the 
dye-bath of glucose, tannic acid, or ammonium 
salts. A previous treatment of the fibre with 
formaldehyde has also been recommended (H 
Kann, Eng Pat 3492, 1903), but this reduces 
the afiimty of the wool for these dyestuffs 

Greater success in the application of sul- 
hide dyes to wool or union material has 
een attained by E Lodge (Eng Pats 198.52, 
1913 , and 23386, 1914) by the use of sodium 
hydrosulplnte and sodium sulphite as reducing 
agents, and ammonia as solvent for the reduced 
dyestuff (J Soc Dyers, 1915, 252) 

The dyeing of silk with svlphide c/yc.? — Owing 
to the harmful effect of their alkaline solutions 
upon the silk fibre, the sulphide dyes are not used 
The dyeivg of cotton vuth sulphide dyes — 
3 his grouj) of dyestuffs is now of the greatest 
importance m cotton dyeing for the production 
of fast blacks, and to a less extent, fast blues, 
greens, browns, he The necessary ingredients 
in the dye- bath, in addition to the dyestuff, arc 
sodium sulphide, sodium sulphate, or other 
neutral salt, and an alkali, usually sodium car- 
bonate The actual and relative amounts of 
these substances vary considerably with different 
dyestuffs, depending upon the ease with which 
the colouring matter employed undergoes reduc- 
tion and the solubility of the reduced product 
An addition of Turkey-red oil, monopoie oil, or 
glue, tends to produce more level and bnghter 
shades , glucose aids the reduction Dyeing 
takes place just below the boil, and it is usually 
desirable to keep the rotten completely im- 
mersed during the operation, in order to prevent 
irregular oxidation The baths are used in a 
very concentrated condition, with the result 
that only a small proportion of the dyestuff is 
withdrawn, and for reasons of economy ^ standing 
baths ’ are employed, that is, the baths are used 
continuously and replenished with dyestuff, &c , 
as required The dyeing takes place m iron, 
wooden, or lead-lined wooden vessels , copper 
being iigidly excluded, on account of the case 
with which it is attacked by sodium sulphide 
I Some of the sulphide dyes do not require 
any treatment subsequent to dyeing other than 


exposure to air, but with many dyes of the 
group an after-treatment greatly improves their 
fastness to light and other mfluences. The chief 
object of the after-treatment is to ensure the 
complete oxidation of the colouring matter , 
and, as oxidising agents, chromium salts, or 
hydrogen peroxide are used Steamm^ the 
material in presence of air is employed in the 
case of immedial blue 

After-treatment with potassium dichromate 
and acetic acid is now usually piactLsed, since 
the use of copper salts has proved to bo dangerous 
in regard to the subsequent tendering of the 
fibre on account of their catalytic action in in- 
ducing acid formation (Gardner and Hodgson, 
J Soc Chem Ind 1910, 076) 

The tendering of cotton dyed with sulphide 
blacks has greatly retarded the use of these dye- 
stuffs 3’he defect does not usually develop for 
some weeks or months after the material has 
been dyed, and it has been shown to bo duo to 
the slow formation of suhihuric acid on the 
fibre The development of acid arises mainly 
from the oxidation of free sulphur jiresent on 
the dyed fibre, but even in the absence of free 
sulphur, acid development may take place by 
decomposition and oxidation of the colour 
molecule. 

'rho risk of tendering, dunng storage, of 
cotton dyed with sulphide blacks is entirely 
eliminated by a final treatment of the material, 
before drying, with sodium acetate , but, of 
course, the protective influence of this salt 
disaiipears if the material is w<ashcd 

0i.As.s VTl — The vat dyes. Until com- 
paratively recently, mdigo was the sole repre- 
sentative of this grouj) of dyestuffs The 
synthetic production of indigo was, however, 
followed by that of a number of derivatives of 
this body Other senes of vat dye^i have also 
been produced, and by their use it is now possible 
to produce on cotton, and in a more limited 
degree on wool, many bright ('olours of a degree 
of fastness hitherto unattainable. 

The essential features of a vat dye are its 
easy i eduction to a form soluble in dilute alkali, 
its attraction m tins condition by the fibri', and 
its ready reoxidation on the fibre to the original 
insoluble condition 3^ho i educed solution is 
termed the * vat,’ the composition of the vats 
differing for wool and for cotton 

The vat dyes are mainly derivatives of in- 
digotin or anthracene They include the follow- 
ing . incbgo (indigotm) , mono-, di-, tri-, and 
tetra-halogen derivatives of mdigotm , methyl 
and tolyl indigotins , ciba dyes (brom mdigotins) , 
thiomdigo red and scarlet , helmdone dyes (sul- 
phur derivatives) , algolc dyes , cibanone dyes, 
and the indanthreno dyas The group includes 
dyes of all hues 

Indigo Ls the oldest and by far the most im- 
portant of the vat dyes It h<as been employed 
in India for at least 3500 years, by methods not 
differing essentially from some of those which 
are still employed. It is used upon all fibres, 
but least commonly upon silk. 

Various reducing agents are employed for 
the conversion of the insoluble indigo blue into 
mdigo white, and they are always associated 
with an alkali to dissolve the latter substance. 
After saturating the fib'*e with the alkaline 
sclution, the mdigo white is reconverted into 
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indigo blue upon the fibre by atmosphenc 
oxidation 

The. dyeing of wool with indigo vat blue — 
The two chief indigo vats used for wool are the 
fermentation vat and the hydrosulphite vat, 
the former being chiefly used for dark shades on 
woollen cloth (Army and Navy cloth, <fec ), and 
the latter for light colours on slubbmg, yam, &c 
There are several forms of fermentation vat, of 
which the woad vat is the most important in 
this country The precise composition and 
‘ setting ’ of the vat is largely a matter of 
experience, the ingrcdient-s being somewhat as 
follows . finely ground mdigo, 12 to 18 lbs , 
woad, 300 lbs ; bran, 10 lbs ; madder, 12 to 
18 lbs , lime, 12 lbs , water, 600 gallons 
After warming the liquor, vanous fermentations 
set in, the essential bacterium being the Deswo- 
bactenum hydrogeniffnini The starchy matters 
present are first converted into glucose, which 
then splits up into lactic acid, the latter under- 
going butyric fermentation with evolution of 
hydrogen. 

Rxcessivo fermentation is prevented by 
making suitable additions of bme, or it is accele- 
rated, if necessary, by adding further quantities 
of bran 

In the so-called German or soda vat and the 
Indian or potash vat, the woad is replaced by 
bran with the addition of molasse^s, and the lime 
by sodium or potassium carbonate 

To avoid the deiangements to which all 
fermentation vats arc liable, (Jollin and Jlenoist 
(J Soc Chem Ind 1885, 493) proposed to 
employ a jiure ferment and a completely 
fermentable food material , but this process 
has not come into practical use. 

Natural indigo is still largely used in the 
fermentation vats, but in the hyiirosulphite vat 
the svnthetic product is generally employed 
The hydrosulphito vat may be prepared as 
follows synthetic indigo (20 p e paste), 10 
lbs , caustic soda solution 42^’1V , 3 pints , 
sodium hydrosulphito solution 20”Tw , gallons, 
water, 50 gallons The liquid is heated to 50° 
until it becomes clear greenish-yellow The 
solution of indigo white tlius obtained is diluted 
to 250 gallons with water at 50°, to which a little 
hydrosulphito has been previously added. 

The hydrosulphite solution may be replaced 
by 3 lbs of solid sodium hydrosulpbite, in which 
ease the amount of caustic soda must b^‘ in- 
creased 3 1 lbs of natural indigo (60 pc 
mdigotin) are about equivalent to 10 lbs of 
synthetic mdigo (20 p c paste) After working 
m the vat, the goods are well squeezed, and then 
exposed to the atmosphere to oxidise the mdigo 
white * they are then well washed 

Dark shades of mdigo blue on wool are 
usually ‘ bottomed ’ with a red dye (alizarin, 
diamine fast red, or bar wood) before vattmg, 
and are frequently ‘ topped ’ after vattmg with 
orchil or other dyestuff m order to add ‘ bloom ’ 
to the colour. 

In most respects mdigo vat blue ls an 
extremely fast colour, but has the defect of 
being liable to ‘ rub off ’ 

The dyeing of silk with, vat indigo — This''dye 
is not much employed on silk If used, the 
most suitable vat to employ is the hydrosulphite 
vat set with synthet o mdigo. 

The dyeing of cotton with vat indigo — .'he 


hydrosulphite vat is largely employed in cotton 
dyemg as well as in the dyemg of wool, but it is 
used cold in the case of cotton. Other cotton 
vats arc the ‘ copperas vat ’ and the ‘ zim*- 
powder ’ vat. 

A strong copperas vat contains, mdigo (60 
pc), 10 lbs , ferrous sulphate, 30 lbs , and 
quicklime 35 lbs , m about 200 gallons of water 
The lime decomposes the ferrous sulphate, with 
the production of ferrous hydroxide, and this in 
the presence of lime and mdigo decomposes 
water, yioltlmg feme hydroxide and hydrogen ; 
the latter at once combines with the mdigotm 
and produces mdigo white, which dissolves by 
reason of the excess of lime present The nor- 
mal colour of the vat liquor thus obtained is 
brownish -amber 

The zinc -powder vat is made up with water, 
indigo, zinc-powder, and lime In the presence 
of the lime and mdigo, the zinc dei omposes 
water even at the ordinary temperature, and 
the liberated hydrogen efleets the reduction of 
the mdigo 

Vat dye.s other than indigo — These may be 
divided into two groups (a) the indigoids, 
which may be considered as derivatives of indigo- 
tm , and (h) the anthracene denvatives Tlu'y 
all possess the common property of forming vats 
when tre<ited with liydrosulphito of soda, but 
whereas the mdigoids may oe applied to the 
animal as well as to the vegetable fibres, the 
anthracene denvatives are only suitable foi 
cotton on account of the large amount of 
caustic alkali required for their solution The 
reduced anthracene vat dyes also do not appeal 
to possess much affinity for wool 

{a) Jndigoid^ — Examples of dyes of this 
senes are thiomdigo red and scarlet , helmdone 
red and scarlet , ciba rod and searl(‘t , vat red , 
helmdone orange and yellow , ciba green ; brom 
indigos, ciba blues and greys; ciba violets and 
heliotropes , helmdone brown Homo of the 
algole reds also probably belong to this group 

(5) Anthracene vat dye^i — Indanthreno red , 
algole reds , indanthreno yellows and oranges , 
algole yellows and or.inges , cibanone yellows 
and oranges , mdanthrene greens , algole greens ; 
indanthreno, c hloranthiene, duranthrene and 
caledon blues , algole blues , indanthreno grey , 
indanthiene biowns , algole browns , ^cibanone 
browns 

The, application of the mdigoid vat dyes to 
wool and silk — -Vats suitable for the dyemg of 
wool and silk are obtained by reduction with 
sodium hydrosulphito m alkaline (caustic soda) 
solution Bright reds of excellent fastness are 
obtained with these dyes, and thev are used m 
conjunction with mdigo for producing bright 
purplish blues Heparato vats are preferable for 
the mdigo blue and the red dye, smee the best 
conditions of dyemg do not coincide m the two 
cases 

The application of indiqoid vat dyes to cotton 
— Vegetable fibres are readily dyed with these 
dyes from a hydrosulphito vat, or alternatively 
they may be dyed from a sodium sulphide bath, 
as used for the sulphide dyestuffs They may 
be mixed with most sulphide dyes and dyed 
from vhe same vat. 

The application of the anthracene vat dyes — 
This group of dyes is also applied in the hydro- 
sulphite vat, but usually requires such a strongly 
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caustic solution that its application to wool and 
silk IS not practicable 

By use of the vat dyes, it is now possible to 
produce a great variety of colours on cotton which 
are extremely fast to light, washing, bleaching, 
and other influences The high cost of these 
dyes at present somewhat limits their application 

IndopheTwl is a vat dye of different type, 
being obtained by the action of mtroso-dimethyl 
amline on a-naphthol. On reduction, it is 
converted into indo'phenol whiie^ a body sufh- 
ciently stable to be sold commerciallv. On 
oxidation with chromic acid, indophenol white 
IS reconverted into indophenol blue 

Indophenol has been employed in conjunction 
with, or as a substitute for indigo, but has the 
defect of being readily affected by acids. 

Tynan purjjJp — As the result of an extremely 
interesting investigation, P Friedlander has 
shown (Her. 1900, 705) that this ancient 

dyestuff is identical with one of the dibrom- 
indigotins Tynan jnirple, as described by 
Pliny, was obtained from various species of the 
mollusc rnyrer, and from 12,000 of the species 
M hrandaris Frieldander obtained 1 4 grams 
of the eolounng matter 

Under the law of the ancient Romans the 
use of Tynan purple was confined to royalty, 
and the method of its production was a lost art 
for many centuries At the beginning of the 
18th century, it was investigated by Reaumur 
(Mem de I’Aead Royale des Sciences, 1711), but 
it never again assumed any importance as a 
dye stuff 

(>LAss Vin — The ingrain dyes. The term 
ingrain dye may be used to designate those 
colouring matters other than mord«vnt dyes 
which are produced from their constituent 
bodies wpon the fibre, 9’hrcc sub-groups may be 
distinguished • {a) aniline black , (b) the insotuble 
azo- dyeji , and (c) the metallic dyc.s. 

(a) Aniline black — This term is applied to 
the insoluble black pigment which is jirodueed 
by the oxidation of aniline in acid solution Jn 
18.34 Runge noticed that a blue-black compound 
was produced by oxidising aniline with chromic 
acid, but Wilin, in IStiO, limt described the for- 
mation of the product on the cotton fibre The 
first sueecssfiil process for producing aniline 
black on the fibre was patented by Lightfoot, 
m 1803 He used potassium chlorate and 
cupric chloride as oxidising agents, and the 
black proved to bo of such excellent fastness that 
innumerable modifications of the process have 
since been proposed, and the literature of the 
subject IS very extensive 

Numerous oxidising agents have been em- 
ployed in the pi oduction of aniline black, e q. 
chlorates, chromates, salts of copper, vanadium, 
tungsten, cenum, &e. Aniline black may also 
be produced by electrolytic (Goppelsroder, 
Jahre^sber 1879, 702) or by atmospheric (Green, 
J. 8oc Dyers, 1908, 231) oxidation 

Pure aniline on oxidation yields a blue-black, 
the homologues and allied compounds giving 
somewhat different shades ; e g orthotoluidine 
produces a brownish -black, paraphenylene 
diamine a deep black, and para-aminodiphenyl- 
amine (diphenyl base) a greenish black The 
oxidation of a-naphthylamine on the fibre 
results in the formation of Tiaphthylamine vide*, 
but this colour is not of much importance. 


The composition of aniline black has been 
the subj’ect of much investigation {see Armand 
Muller, Chem. Zentr. 1871, 288 ; Goppelsroder, 
Jahresber. 1876, 702; Nietski, Ber. 1878, 1094; 
Caro Verhandt d Ges Deutscher Naturforchen 
u Arzte, 1896, 119 , Willstatter and Moore, Ber. 
1907, 2665 ; Marsden, J Soc. Dyers, 1908, 9 ; 
Willstatter and Moore, Ber 1909, 4118; Green 
and Woodhead, Chem. 8oc Trans 1910, 223). 

Three chief and successive products of the 
oxidation of aniline may be distinguished— 
emeroMiney mgramline, and ungreenable black 

Ernercd/line is produced by the limited 
oxidation of aniline, several residues linking up 
to form a chain of 4 molecules (Willstatter and 
Moore) or a chain or rimr of 8 molecules (A G. 
Green) I’he aniline residues are in all probability 
linked by nitrogen atoms in para- nosition, since 
para- compounds only have been obtained on 
oxidation or reduction. 

Emeraldme is a greyish-green body which is 
always formed during the early stages of the 
production of aniline black By the action of 
oxidising agents, it is converted into nigranilme 
and by the action of reducing agents it forms 
first pioto emeraldme by addition of two atoms, 
and then Icuco-emerahiine by addition of four 
atoms of hydrogen (Green, Chem. Soc Trans 
1910, 223) More poweiful reducing agents split 
the molecule and produce ammo- and para 
diamino-cornpounds or quinono 

Nigranilme, the second oxidation product 
of aniline, appears to contain eight aniline 
lesiducs, and is said to be produced either by 
removal of two liydrogeii atoms from the 
emeraldme molecule (Green) or by jiolymerisation 
with loss of hydrogen (Willstatter and Moore) 

Nigranilme or aniline black is a violet-black 
bodv which is unaffected by alkalis, but which 
IS turned green by mild reducing agents (sul- 
phurous acid), owing to its reconversion into 
emeraldme Dilute mineral acid also brings 
about indirectly the production of emeraldme 
from nigranilme Oxidation of a portion of the 
latter substance probably takes place at the 
expense of the reduction of other molecules, 
since both qumone and emeraldme are formed 
m the reaction. 

U ngreemible black, the final jiroduct m the 
technical formation of aniline black, is produced 
by the further oxidation of nigranilme in 
presence of aniline It is a very stable body, 
and is not readily attacked by acids, alkalis, 
oxidising or reducing agents Rowerkil oxidis- 
ing agents, however, convert it almost quanti- 
tatively into qumone, and poweiful reducing 
agents into a brown leuco- compound which is 
reoxidised to the original black on exposure to 
air The piesence of free aniline is essential to 
the production of ungreenable black, which 
suggests that it is a condensation product of 
emeraldme and aniline 

Technical prodmtion of aniline black — Of 
the large number of modifications of Lightfoot’s 
original process which have been suggested, very 
few have withstood the test of practical ex- 
penence The following techmeal methods 
may be distinguished* (1) dyed blacks; (2) 
aged blackj! ; (3) steam blacks. 

(1) Dyed blacks, also known as one-bath blacks, 
aro used for the dyeing o' cotton yam, which 
is often previously dyed in a sulplude black 
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vat. The ingredients used are (e g ) aniline (12 
lbs.), hydrochlonc acid (18 lbs.), sulphuric acid 
(24 lbs ), and sodium dichromate (24 lbs ), m 40 
gallons of water. The use of hydrochloric acid 
alone produces a bluish- black, and sulphuric 
acid alone a reddish -black, the mixed acids 
yielding a jet black 

The yarn is worked in the solution whilst 
slowly heating to the boilmg-pomt, and the 
bronzy black thus produced is steamed to con- 
vert it into a good black which is ungrecnable. 
This process does not tender the cotton Many 
modifications of the process are used 

(2) Aged blacks are obtamed by padding (satu- 
rating) the cotton with a solution containing 
aniline salt, some oxidising agent (sodium chlo- 
rate) and an oxygen carrier (copper sulphate, oi 
vanadium chloride), after which the fabric is 
dried and ‘ aged ’ ; the colour being developed by 
passing through an ageing chamber in which a 
moist atmosphere and a temperature of about 
45^^ are maintained The padded cotton has a 
green colour (emeraldine) which turns black 
(mgranibne) during ageing The final change to 
uiigreenable black is brought about by working 
the fabric in a solution of sodium dichromate 

Copper aged blacks are very largely produced 
on cotton piece goods by a proceiis winch differs 
only in detail fiom Lightfoot’s original process 

Vaiiadiurri blacks are chiefly used in calico 
printing Lightfoot (Bull Soc Ind de Mul- 
houso, 1871, 285) hrst noticed the special 
efficiency of vanadium salts as oxygen earners 
in the production of aniline black, and Witz 
(Bull Boc Ind do Rouen, 187(), 310) showed 
that 1 part of vanadium chloride was sufficient 
to convert 40,000 parts aniline into amlme black 

The production of aged blacks is liable to 
tender tlie cotton unless the process is very 
carefully controlled 

Air ooridation black — A G Green (J 8oe 
Dyers, 1909, 191) has introduced an aniline 
black process in which atmosphenc oxygen is 
the oxidising agent , some carrier such as 
cuprous chloride being present The mineral 
acid usually employed is also replaced by formic 
acid, and by these modifications the liability to 
tendering of the fibre is greatly reduced 

The process is based on the fact that amlme 
oxidises much more rapidly in presence of a 
small quantity of a parachamme or a paia-amino- 
phcnol 

After padding, the goods are dried, aged, and 
chromed as in the case of the ordinary aged black 

(3) Steam blacks are more costly than aged 
blacks, but safer as regards tendering of the 
fibre They are produced by padding with an 
amlme solution which contains sodium chlorate 
as oxidising agent, and sodium fciroeyanide as 
oxygen earner. After padding, the goods are 
dried, steamed, and chromed Lightfoot’s origi- 
nal steam black only differed from this in that it 
contained potassium femcyanide in place of the 
less expensive sodium chlorate and ferrocyanide. 

Aniline black, when successfully dyed on 
cotton, 18 the fastest and most intense black 
which it IS possible to produce. Its chief draw- 
backs are the tendency to turn green and the 
liability to tendenng of the fibre, unless great 
expenence and close supervision are exercised 

Apjdicatton of andtne black to wool and silk. 
— The animal fibres are rarely dyed anilme bla .k. 


The black may be produced on silk by the same 
methods as on cotton, but the process is chiefly 
confined to the silk-cotton union material used 
as umbrella cloth. 

! Anilme black does not readily develop on 
wool, but if the wool is pieviously clilormated 
(Lightfoot) or boiled with a mineral acid (Beth- 
mann, Eng Pat 21230, 1901), the aged black 
may he produced It is laiely met with 

(6) l%e insoluble azo- dips — The sulphonated 
azo- dyes which are so largely used in the dyeing 
of wool and silk have little or no allimty for 
cotton. Azo- compounds, howevei, may bo 
produced on cotton by impregnating the hbio 
with one of the constituents, and then passing 
it into a solution of the necessary combining 
body. The non-sulphonatcd compounds are 
used m this jirocess, and the insoluble dyes thus 
obtamed are, m many cases, useful colours 

The constituent parts of an^izo- dye aie (m) 
a phenol or amine, and (6) a diazotised base , 
and the piocess (mtioduced by Holliday, m 1880) 
coiivsists m saturating the cotton with an alkaline 
solution of a phenol, diying, and then developing 
m a solution of tlie diazotised base 

In calico punting (rarely in dyeing) the 
fibre may be impregnated with a paste con- 
taining the whole of the colour ingicmeiits, and 
the colour dovekiped by steaming 

Substances cniployed m the process • FJunols 
— 'rhe only phenols practically emiiloyed m the 
padding operation aie 3-naphthol and jS-oxy- 
naphthoic acid aiiihd (naphthol A8) Amiiies 
are not used 

Aromatic bases — The following list gives the 
principal bases (unployed and the coloum they 
produce when combined with naphthol . — 


Base 

Amlme 

Paranitranilmo 

Paiatoluidmo 

Niti oparatoluidiiie 

Xylidme 

Curuidmo 

Phenetidme 

a-Naphthylamino 

Aminoazo benzene 

Benzidine 

Tolidmo 

Dianusidme 

Azo- black base 


Col()iir priHliued with 
/3-n.iphthol 
Oiange yellow 
Red (with copper, brown) 
Yellow oiange 
Oiange 
Red 

Bluish-scarlet 
Seal let 

iff no shade of claret led 
(himsoii 
Puiplish-biowii 
Reddish-brown 
Blue (with copper) 

Black 


Padding or grounding — The intensity of the 
ultimate colour depends entuely upon the con- 
centration of the padding solution, which, for a 
shade of medium strength may contain, per 
litre, 25 grams /3-naphtliol, 46 giams sodium 
hydroxide solution 3G^Tw , and 75 grams 
Turkey-red oil. Cotton is evenly saturated m 
the cold with this solution, then dried at a low 
tempciature and developed 

The developing process — The most important 
dye produced by tins process is paranitranihne 
redy which is dyed on a very large scale and used 
as a substitute for Turkey-red The diazo- 
solution IS prepared as follows . stir to a paste 
10 lbs. paramtramline with 2 gallons water; 
then edd 2 gallons hydrochlonc acid (36°Tw ) 
and 6 gallons water After mixing well, add 
5J lbs sodium mtrite dissolved m 2 gallons 
water. Dilute to 200 gallons, and add sodium 
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acetate to neutralise tho excess of hydrochloric 
acid U’he colour is produced mstantaneously 
on passing the paddea cotton into this solution, 
the cotton being subsequently washed, dried, 
and soaped 

Various stable forms of the diazotised base 
appear undci the names azophor red, nitrazol, 
and nitrosamine red. 

Azo-oranges, yellows, crimsons, claret-reds, 
(fee , are obtained in a similar manner by the 
use of tho various bases given in tho above table 

Azo-browns are produced by addmg an 
alkaline solution of copper to the i8-naphthol 
prepare, and developing with paramtramline 
or jS-naphthylamino 

Azo- blues arc obtained by padding with 
/3-naphthol, developing with diamsidine, and 
subsequently treating with cupnc chloride and 
chromic acid 

(c) The metallic dye^s . Iron hvjj and NanJciii 
yellow . — These two coloui's, winch differ only in 
depth of shade, are produced by piecipitatmg 
hydrated ferric oxide on tho fibre 'J’hey are 
dyed chiefly on cotton, and produce yellow to 
light-brown colours which are fast to light, 
washing, or alkalis, but arc readily attacked by 
acids The cotton is padded in a solution of a 
ferrous or feme salt, and then passed into an 
alkaline solution If tho cotton is previously 
mordanted with tannin, more oven shades arc 
produced, the black tannato of iron being subse- 
quently destroyed by a tieatment with sodium 
jieroxide (Kneoht) or other oxidising agent 
Iron buff is only produced on wool or silk as an 
intermediate product m dyeing Prussian blue 

Manganese bronze — This colour is jiroduced 
on cotton by piecipitatmg manganous liydi oxide 
on tho fibre, and oxidising this to the brown 
mangamc peroxide. 

Chrome yellow is produced on cotton by 
impregnating with a solution of lead acetate, 
drying, and passing into a solution of potassium 
dichromate 

Chrome orange — This compound is a mixture 
of normal lead chromate (chrome yellow) and 
basic chromate It is obtained t3y treating 
cotton dyed chrome yellow with lime water 

Prussian blue is produced on cotton by fiist 
dyeing an iron buff, and then passing into an acid 
solution of potassium ferrocyamde 'J’his colour 
is extremely fast to hght, but is sensitive to 
alkalis It IS produced on silk in a similar 
manner as a constituent in dyeing that fibre 
black Prussian blue is little used on wool, but 
Is readily produced either by a piocess analogous 
to tho above, or by making use of (he fact that 
when heated in acid solution with wool, the prus- 
siates undergo decomposition with formation of 
Prussian blue. 

Colo OKI ng Matters used in Dyeing 

Natural dyestuffs • Indigo — ^Thero are two 
distmct methods of applying indigo in dyeing, 
and the most important, the vat method, has 
already been described {v. Vat dyes^ p 68fi) 
Indigo may also be used as an acid dyestuff by 
converting it into the disulphomc acid This 
sulphomc acid is known as indigo carmme or 
indigo extract It dyes a brighter blue shade 
than vat mdigo, but it is much less fast to li^ht 
and washing It is largely used on wool and suk, 
but is inapplicable to cotton. 


Logwood IS a mordant dyestuff and is used 
for all fibres On wool it is largely employed 
for producing blacks, and in conjunction with 
other dyestuffs for browns, olives, greys, &c 
Potassium or sodium dichromate is the usual 
mordant, but a single-bath logwood black may 
be produced by usmg a mixture of logwood, fei - 
rous sulphate, and oxalic acid Logwood is now 
chiefly employed in the form of unoxidised (for 
cotton) or oxidised (for wool) extract On silk 
and cotlon, logwood is only used for black dyeing 
Brazilwood, peachwood, and Limawood con- 
stitute the class of soluble red woods They are 
now very little employed, the colours they 
produce bemg fugitive to light They produce 
reds with alumimum, reddish -browns with 
chromium, and purjiles with iron mordants 

Camwood, harwood, and sandenwood are 
known as the insoluble red wooqs If wool is 
boiled with the ground wood, it acquires a 
loddish-brown coloui, which is still employed as 
a ‘ bottom ’ for indigo vat blue They aie, 
however, mordant dyestuffs, producing brownish 
reds with chrome mordant. 

Madiler — This dyestuff, once of great im- 
portance, has now been almost entirely supei- 
sedod by synthetic alizarin It is stdl used to 
a limited extent m tho dyeing of wool felt, 
since it penetiatos tlirough the material more 
leadily than ahzarm With chromium mordant 
it gives a reddish-brown , with aluminium a red, 
and with non a jiuiplo shade The use of 
madder m tho woad vat has already been re- 
f cried to {v Vat dips) This dyestuff is not now 
used on cotton or silk 

Cochineal — The use of this valuable dyestuff 
in dyeing is now confined to tho production of 
scarlet shaders on woollen cloth, for which 
puiqiose considei able quantities are still imported. 
Stannous chloride is the mordant employed, and 
the colour is produced by the one-bath method 
'rh(‘. aluminium and tin Jakes aie used as pig- 
ments in painting and punting 

Lac-dye may be employed in the same way 
as cochineal, and gives similar shades Since the 
commeicial product contains a considerable 
amount of mineral mattei, the ground dj^cstuff 
IS treated with dilute hydrochloiic acid before use 
Cudbear and oichil (or aichd) — These pro- 
ducts aie essentially the same dyestuff, the 
former in the solid and the latter in the con- 
dition of paste It IS one of the few natural 
colouring matters which dye wool without a 
mordant. Wool and silk may be dyed m a 
neutral, slightly acid, or slightly alkaline, solu- 
tion It produces full, rich enmsons, and is still 
used to a considerable extent The colounng 
matter is not applicable to cotton 

Safflower was formerly much used m dyemg 
bnght pinks upon cotton, but is now obsolete as 
a dyestuff 

Annalto produces orange shades on silk 
without a mordant , it is applied in a hot soap- 
bath Annatto is still used m colouring cheese 
and butter. 

Weld — This mordant dyestuff produces 
pure yellows in conjunction with alumimum 
mordant When used as a ‘ toppmg ’ for 
mdigo vat blue, a special shade of green, known 
as ‘ carnage green,’ is obtamed. 

Fnstic IS the most important of the natural 
ye’^ow dyewoods, and is still employed m 
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conjunction with chrome mordant on wool as the 
yellow constituent in compound browns, ohves, 
greys, &c It is chiefly used m the form of 
fustic extract 

Osage orange is closely alhed to fustic Its 
utilisation as a dyestuff is only of recent date 
and ifl confined to America. 

Quercitron bark and jkmn are also natural 
yellow mordant dyes, producing somewhat 
brighter shades than fustic, but are now obsolete 
Persian berries — This mordant dyestutt is 
employed by the calico printer for producing 
bright orange shades with tin mordant 

Turmeric is the only representative of the 
natural colouring matters which acts as a direct 
dye towards cotton, silk, and wool It pro- 
duces yellow shades, which are brighter if clyed 
in a bath acidified with alum. 

Catechuy cutcJi^ and gambier — ^T^ebe dyestuffs 
are still largely employed in cotton dyeing The 
cotton IS steeped in a strong solution of the dye, 
and attracts the colouring matter The cotton 
IS then passed into a boiling solution of potas- 
sium dichromatc, which, by oxidation, jiro- 
ducos insoluble blown japonic acid upon the 
fibre A little copper sulphate is frequently 
added to .^hc catechu bath, whcieby fuller and 
faster shades aie produced 

Silk is dyed m a similar manner for the pro- 
duction of weighted blacks, the chromium, fixed 
during the oxidising jiiocess, subsequently 
acting as a mordant for logwood 

Other natural dyestuffs — Colon nng matters 
are very widely distributed in tfje vegetable 
kingdom, and all countries where the textile 
arts have attamed any great development 
(notably India, Persia, and Japan) had until 
recently each its own sciics of indigenous 
products which wcio used as dyestuffs In 
Donegal, Sutherland, and other localities, the 
homespun tweeds, &e , aie still largely dyed tiy 
means of the various lichens, loots, barks, nuts, 
&c , found in the neighbourhood 

Synthetic dyestuffs. The number of in- 
dividual synethetic dyestuffs now at the dyer’s 
disposal is very large, and includes dyes yielding 
all possible hues There is iiifimte vaiicty in the 
i h^racteiistics of the various aitificial d^es, and 
in most cases it is not difficult to match a given 
shade or to comply with given conditions as 
legards properties Being, therefore, more con- 
venient to use, and m very many cases choajicr 
and faster than the natural dye^^tuffs, the lattei 
have been largely superseded 

The dyeing properties and the characteristics 
of the dyed colours depend chiefly upon the 
chemical groups to which the dyes belong, but, 
as indicated in the section dealing with the 
classification of dyes, the chemical groups do 
not coincide with groups based on the method 
of application (v. Ckbssifkaiion of colouring 
matters^ p 576). 

(1) Nitroso colouring maUers — This class in- 
cludes fast-green or dark-green and naphthol- 
green. In conjunction with iron mordants, 
both those dyestuffs give olive-green colours re- 
markable for their fastness to light 

Cotton is dyed with dark-green by mordant- 
ing with iron, and dyemg m a neutral bath. 
Wool is mordanted with ferrous sulphate and 
oxalic acid, and dyed in a neutral bath. Silk is 
dyed in a similar manner. 


Naphthol green which contains non as a 
constituent is only applicable to the ammal 
fibres. Wool is dyed with the addition of 
sulphuric acid. 

(2) N itro-colouring matters — The most im- 
poi*tant members of tins class aie picric acid, 
Victoria orange, aurantia, palatine orange, 
naphthaline yellow, naphthol yellow These 
colouring matters are only ajiphcable to the 
animal fibres, which are dyed in a bath slightly 
acidified with sulphuric acid The colours they 
yield are not fast to light Piciic acid yellow is 
remarkable for its extieme fieedom fiom any 
trace of orange On exposuie to light it rapidly 
becomes brownish, owing to lediution of the 
nitro groups 

(3) The azo- gioup — These may be divided 
into monazo, disazo, tiisazo, and tetiakisazo- 
dyes, according to the number of azo- groups 
they (‘ontam fl’hey may bo further classified 
into ammoazo- (NH,) and oxya/o- (Oil) dyes, 
and into othei subdivisions based upon the 
state of combination of the a/o- group A few 
of the a/o- coloum aio basic dyea , a laigo 
numbei of the acid dyes, and at id-mordant dyes, 
belong to this group, and ])ractically the whole 
of the diiect dyes The azo- dyes vary greatly 
in their degieo of fastness to light, and in other 
properties. 

(I) The di- and tn-ph( nyhm thane group — 
This group includes most of the basic dyes, suth 
as auramme, magenta, methyl violet, malachite 
green, &c These bodies, wlien suljihonated, 
foim acid dyes, anti thenffoie such dyestuffs as 
acid magenta, guinea grci'ii, Ac , and also 
patent blue, Victoria blue, fall under this group 
As a ( lass, tlu'sc dyestufis are fugitive to light 

(5) The oji yki tone qrou p — 1’iiis gi oup incmdes 
most of tlio artifuial moidaiit dye-s , eg tlie 
ali/ann leds, 'yellows, blues, biowns, Ac 
Most of tfi(‘ dyestufis of fhis group aie ex- 
tremely fast to light and otliiu influences, which 
lenders them of the gieatest impoitance 

(b) The pifionine group — fi’his im hides (I) the 
pyronines jiroper, a small class of basic dyes, of 
which pyiomiie red is an example , (2) the mm h 
more impoitant group of the phthalems The 
latter includes both basu and acid rhodammes, 
the eosins and the moidant dyestufis gallcm 
and coeruleiii 

(7) The acridine group — This includes a few 
basic dyestuffs of winch the chief is acridine 
orange 

(8 and 9) The oxazine and ihiazine gioup — 
This group also includes both acid (thioeamnne), 
basic (methylene blue), and mordant dyes 
(gallocyanui) 

(10) The azine gioup includes the valuable 
basic dyes the saframnos, and the basic and 
acid inauhnes and mgiosines 

The dyeing of mixed fabrics of cotton and 
wool may be carried out by selecting those 
colouring mattci’s for which both fibres have an 
attraction, eg the benzichne dyes, Ac., or 
by first dyeing the wool m the usual manner 
with an acid colourmg matter, then mordanting 
the cotton with tannic acid and tartar emetic 
or stanmc chloride, and dyeing m the cold with 
a basic colouring matter The so-called ‘ cross- 
dyeing ’ process is earned out by first dyeing 
the cotton (usually with sulphide or other 
‘xast’ dyes) in warp form, then weaving with a 
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wool weft and dyeing the latter by means of 
acid dyes. Logwood blacks on union are dyed 
by first mordanting the cotton m the cold with 
myrobolans and nitrate of iron, then the wool 
with a boiling solution of potassium dichwnnate, 
and finally dyemg both fi bres thus mordanted in 
a hot decoction of logwood Mixtures of cotton 
and silk are dyed by methods similar to those 
employed for cotton and wool. Fabrics of wool 
ami silk arc dyed by methods similar to those 
usual for wool or silk alone 

When dyeing cmipoand shades, the mam 
principle to bo observed is to apply simul- 
taneously only such colouring mat tern as arc 
applicable, when used singly, by methods as 
similar as possible to each other Basic and 
acid colouring matters ought not to be applied 
together m the same dye- bath, since the one 
rcijuiiCnS a neutral, the other an acid, bath m 
order to yield their full colouimg power Basic 
colouring matters, however, may be ((uito well 
applied to mordanted doth along with phenolic 
colouring matters, sime both these classes 
usually dye in a neutral bath. 

It IS very irrational to produce compound 
shades by the application of a mixture of fast 
and fugitive colours , the best results are obtained 
by employing colouring mattei’s of about equal 
fastness to various mfhienci's If this rule is not 
observed, the dyed colour is liable to eliangc 
materially m shade undci those influences to 
which it IS subsequently submitted, c g light, 
washing, &c 

For fuither information on the sub)cet of 
dyeing, the following works may bo consulted — 

1813 The Philosophy of Peimanent Coloum 
F Bancroft 

1835-1801 llecherches chnniquo sur la 
'IVintuie F Chevroul. 

1809 Dictionaiy of Dyeing and Calico- 

piinting (' O’Neill. 

1874 A Practical Handbook of Dyeing and 

Calico-piinting W (Vookes. 

1870 Dyeing and ( !ahco-printmg. 

F (Jalveit 

1885. Tlie Dyeing of 'I’extile Fabiies, 

J J Hummel 

1893 La Piatique du ^remtuner Vol 1, 
1893, Vol 2, 1894, Vol 3, lvS97. 
J Gaiyon 

1901. Dietionary of Dyes, Mordants, and 

other C\)mpouiids used m Dyeing 
and Calico-printing Kawsoii, 

W M Gardner, and W F Laycoek 

1903. Theorio und Praxis der Modernen 
Farberei A (fans wind t 

1904 d sig. Systematic Survey of the Oiganic 
(Colouring Matters G Schultz and 
1* Julius, tiaiisl by A G Green 

1907 Farbereichem Untersucliungeii Anlei- 
tung zur Untersuchung und Bewer- 
tung der wichtigsten Faiberei, Blei- 
cherei, Druckerci, und Appietur- 
Materiahen 2nd edit. P Hcermaim 
Ftude sur les Industries du Blanchi- 
ment, de la Temture, de T Impression. 
O Picquet 

1910. A Manual of Dyeing. 2nd edit. 

E. Knecht, C. Rawson, end R. 
Lowenthal. 

Identification of the Commercial Dye- 
stuffs. Mulhken. 


1912 Bleaching and Dyeing of Vegetable 
Fibrous Matenals. J. Hubner. 

Farbestofftabellen G Schultz. 

Mercciisation und Appretur P. Gaid- 
ner 

L’lndustne des Matieies Colorantes 
Orgamques A Wahl 
1913. Synthetic Dyestuffs and Intermediate 
Products from which they are 
derived 2nd edit. J. (J Cam and 
J F Thorpe 

1915. The British Coal-tar Colour Industry. 
W M Gardner 

The Analysis of Dyestuffs 
A G (fieen W M G 

DYESTUFFS, IDENTIFICATION OF, ON 
FABRICS. The recogmtion of the particular 
dyestuff which has been employed m dyeing a 
fabric is freipiently a master of considerable 
diffu ulty If one dyestuff only has been used, 
it may be possible to identify it with little 
trouble, but wlum, as is often the case, two or 
more dyes have been employed to produce a 
given colour, their separation and recogmtion 
may be a very complex problem 

In the identibcation of dyestuffs, the ordinary 
btksis of (|u ablative analysis is as far as possible 
made use of, t c the group to which the colouring 
matter belongs is first determined, and then 
tests are applied to identify it as an individual 
substance 33uto are, liowovi'r, such a large 
number of closely related compounds amongst 
the dyestuffs, many being isomerie, and diffeiing 
only (eg) iii the position of a sulpho- gioup, 
that with the small amount of substance fre- 
(picntly at disposal it is ojuite impossible to 
delimtely identify a spctific commercial pro- 
duct This Ls, however, of minor importance 
3’ho recognition of a dyestuff is much 
facilitated by a knowledge of the dyeing proper- 
ties of tho vanous groups of colouring matters. 
Ill a given Ctuse this may gieatly limit the 
possibilities For example, no one with a 
knowledge of dyeing jiioc esses would search for 
a cochineal si arlet on cotton or a ])aianitianilino 
red on wool The piesenee or abseni c of certain 
metallic bases in tho ash of the mimcrated 
mateiial is also a useful indication of the nature 
of tho dyestuff under investigation, and an 
exaiiuiiation of this point should bo made 

What may bo teimed tho ‘ dyeing gioups ’ of 
colouimg matters do not comcido with tho 
‘ chcmieal groups ’ For example, tho dyeing 
group of ‘ basic ’ dyes, the membera of which 
are hxed on cotton by means of a tannin 
mordant, includes members of the tnphenyl 
methane, a/ane, azo-, acndine, and other 
chemical groups 

To determine tho dyemg group to which a 
colouring matter present on a fabric belongs, 
acid and alkaline solvents are used as * stripping ’ 
agents. The following arc the general reactions : 

Action oj* ' Stiupping Agents.’ 

Dyeing group Strapping solution 

Mordant dyes 50 c c HCl (cone ) per litre 

Basic dyes on wool 5 p c acetic acid 

„ „ on cotton 3 p.c. sodium hydroxide 

1 3 p.c. ammoma 0 880 s.g. 
A small piece of mer- 
cerised cotton i» 
placed in the solution , 
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In each case the fabnc is boiled for 5 minutes 
in the solution. 

With direct cotton dyes the small piece of 
white cotton placed in the solution becomes 
dyed With acid dyes this does not occur 

The action of the above stripping agents can 
only bo considered as general in regard to a par- 
ticular group, and many exceptions will be found 
in dealing with particular members of the group, 
c <7 some acid dyes arc only slightly stripped by 
boilmg in dilute ammonia, and a few of them 
stain mercerised cotton Too much reliance 
must not, therefore, be placed on these sti ipping 
reactions. 

The most satisfactory group reagents for 
classifying dyestuffs into the chemical groups 
are acid or alkaline reducing agents , on the use 
of which several schemes of identification have 
been based Tneso leagents were first proposed 
by Witt, in 1886, whose scheme was extended by 
Wemgaertner, m 1887 ; but the systematic 
development of the scheme of analysis is mainly 
due to A G Green 

The reactions of dyestuffs are considerably 


influenced by the nature of the fibre upon 
which they have been fixed, which also deter- 
, mines the particular dyeing process necessary 
' For example, the basic colours dye wool and 
silk direct, whereas their fixation on cotton 
involves the use of a tannin mordant It is 
I convenient, therefore, to treat separately the 
identification of dyestuffs on animal and on 
vegetable fibres. 

Identification of dycMuffs on wool — Tables 
for the identification of dyestuffs on wool have 
I been published in Hummers Dyeing of Textile 
I Fabiics ; in Knecht, Rawson, and Loewenthal’s 
' Manual of Dyeing , in Lelme’s Farber 
Zeitung, and by many other authors ; but the 
I most systematic and reliablo scliemo is that 
I of Green (Analysis of Dyestuffs, 2nd edit 1015) 

I In this scheme, which is now to be described, 

, the dyeing groups are first distinguished by the 
i action of suitable solvents, and then further 
I differentiation is carried out by the uso of 
j reducing agents with subsequent reoxidation 
j The various groups of dyestuffs as dyed on 
' animal fibres, show the following reactions — 


Decolourised by hydrosulphite 

Colour restored Colour not 

on exposure , ^ f restored either by 

Not altered by 
hydroHulphito 

Not decolourised, 
but changed in 
shade Original 
colour restored 
by air or 
persulphate 

Azmes, oxazmes, Tnphcnyl- N.tro-, nitroso-, 

* mctlianp group and azo- groujis 

1 

Tyrone, acridmo, 
tjumolme, and 
thiazol groups. 
Some mi'mboi's i 
of the oxy ketone 
group 

Mo‘^t dyestuffs of 
th(‘ oxyketone 
group 


In Green’s scheme the following reagents are 
employed, and must bo used of the strength 
indicated . — 

Dduie ammonia (1 100) — 1 cc cone 

ammonia ; 100 c c distilled water 

Aqueous-cdcoholic ammonia — 1 c c cone 
ammonia ; 50 c c strong alcohol or methylated 
spirit ; 50 c c water 

Dilute acetic acid (5 p c ) — 5 e c glacial acetic 
acid ; 95 c c. water 

Dilute alcohol (1:1) — 50 c c strong alcohol 
or methylated spmt ; 60 c c water 

Dilute * hydrochloric acid (1*10) — 10 cc 
cone, hydrochlonc acid ; 90 c c. water. 

Caustic soda (10 p c ) — 10 grams solid caustic 
soda in 100 c c of water. 

Hxfdromd'phite AX — Dissolve 50 grams hy- 
drosulphite NP cone or rongalito C, i e the 
formaldehyde compound of sodium sulphoxylate, 
in 160 c.c. of hot water. Add to the solution at 
80°-90° 0 25 gram of precipitated anthraqumone 
previously ground to a paste with a little of 
the solution, and dilute the whole to 500 c c 
with cold water. The solution should be 
slightly alkalme. It may become acid on 
keeping. 

Hydrosulphite B. — Dissolve 50 grams hydro- 
sulphite NF cone, or rongalite C m 600 c.c. water, 
and acidify with 2 c.c. of acetic acid. This is 
used only foj yellows and oranges. 

VoL. 11.—T, 


Pc) sulphate — A cold saturated solution of 
potassium persulphate, or a 1 p c solution of 
ammonium persulphate If alkaline, neutralise 
carefully with acetic acid 

Sodium acetate (5 p e ) — 5 grams crystallised 
BOfhum acetate , 100 c c distilled water 

Procedure — The reactions aro carried out in 
test-tubes upon pieces of the material about 
|-1 inch square, which are covered with about 
1-1^ inches of the reagent The tests should 
be earned out exactly as described. Except 
when specially stated, the reagents are to tie 
applied in succession to fresh portions of the 
material In making ‘ stripping tests,’ the de- 
gree of stripping 18 judged oy companng the 
remaining depth of shade with that oi the 
onginal pattern The colour of the stripping 
solution cannot be relied upon as a guide In 
boiling with dilute acetic acid and dilute 
ammonia, it is found advantageous to repeat 
the extraction, as a better stnppmg is thereby 
obtained, and with acid dyestuffs any staming 
of the cotton by the first strong extract is 
removed during the second boil In testing 
with dilute ammonia or sodium acetate, the 
matenal is placed in a test-tube with a piece 
of white mercerised cotton cloth, somewhat 
smaller in size, and boiled for the time pre- 
sci'bed. If the shade is a pale one, the size of the 
sample should be increased and that ol the cotton 

2 Q 
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diminished The dilute ammonia is replaced 
by aqueous alcoholic ammonia m the ease of 
the violet and black dyestuffs (Tables TIL and 
VIT ), as in those oases the acid dyestuffs are 
less easily extracted, and the cotton is more 
liable to bo stained by them In making redue- 
tion tests, the sample is boiled for from one- 
quarter to one minute with the hydrosulphite, 
then rinsed well under the tap, and allowed to he 
on white paper With most dyestuffs which form 
air-oxidisable leuco- compounds, the colour le- 
tums immediately or in a few minutes, but with 
others a longer time is required The reaction is 
accelerated by exposing the pattern to ammonia 
vapour If the colour do(^s not return, the 
pattern is boiled with a little water in a test- 
tube, and potassium peisulphate is added diop 
by drop, carefully avoiding an excess If this 
also fails to cause any return of coloiii, the 
dyestuff is to bo regarded as a nitro-, nitroso-, or 
azo- compound TIh' depth of the restored 
colour vanes greatly in different cases , with 
some dyestuffs the colour reappears with nearly 
its original depth, but with others (probably on 
account of the greater solubility of their leuco- 
corapounds) only a pale shade may return 
Safranme and its azo- derivatives arc peculiar 
in yielding a violet colour on reoxidation of the 
leuco- compound, this being due to the con- 
densation of the leuco-safranine with the 
formaldehyde present in the hydrosulphite NF 

The tablets (I to VJl , jip r)<H)-f)02) give the 
scheme of analysis 

These tables do not always differentiate 
between closely related individual dyes, for which 
purpose further tests must be made At this 
stage of the investigation it is very desirable to 
rocure small pieces of material dyed with such 
nown colouring matters as the group tests, 
combined with the colour of the sample, have 
indicated as probable Parallel individual tests 
should then be applied with these and with the 
sample under examination 

Tlie following senes of reagents have been 
found by W M (Gardner to be convenient for 
this purpose They should be ap])lied m the 
order given, and used as follows — 

Apphraiion of cold rcafjnd^ — Steep a ])iece 
of the material 1 by ^ inch m (say) 5 e c 
of reagent for 5 minutes in a small porcelain 
dish 

Application of reagents hy boding — In a test- 
tube place 10 c c of reagent and a piece 
of material 1 by J inch Boil gently for 3 
minutes 

Application of 7utric acid ted — On a white 
glazed porcelain plate, spot the material by 
dipping a glass rod into the acid and tlien pressing 
it on to the cloth Note the changes in colour 
which occur during the formation of the spot, 
and re-examine after several horn's, noting any 
further change 

Reagents for identifying individual dyestuffs 

1. Boiling water lUse small pieces 

2. 5 pc. acetic acid, boiling I of white wool, 

3. 3 p c. ammonia, boiling. > silk, and cotton 

4 3 p c soap, boiling I along with the 

6 Boiling alcohol ' dyed sample 

ff Concentrated sulphuric acid, cold 

7 3 p e ammonium persulphate, cold. 

8 Bleaching powder solution, 6°Tw., cold 


9. 50 grams SnCl2,2H20+100 cc HC 
32”Tw per litre, cold 

10. 5 c c. NaNOg (5 grams per btre), an 
5 c.c. H2SO4 (3 5 grams per litre) boiling. 

11. Apply test 10 cold, then wash ar 
steep the matenal in a solution of sodiu 
i3-naphtholate 5 grams per litre 

12 Concentrated nitric acid (spot test) 

If the sample under examination shows tl 
same reactions as any one of the control sample 
with each of the above reagents, its identil 
may bo considered as clearly established 

Knccht (J Soc Dyers, 1904, 98) states thi 
titanoiis chloride possesses advantages ov 
both stannous chloride and sodium hydrosulphi 
as a test for dyestuffs The solution is prepare 
by boiling together 25 e c commercial titanoi 
chloride solution (20 p c ) and 25 c c HC 
32°Tw , and diluting to lOCK) c c with water. 

iDRNTlPrCATTO^ OF DyESTUFFS ON C^OTTON. 

Green (Analysis of Dyestuffs, 1915) hi 
worked out an analytical scheme for the dete 
tion of dyestuffs on cotton on the same lines 3 
that previously dcsciibcd for wool 

The reagimts are as follows . — 

1 Dilute arnnioma — 1 c c strong ammon 
to 100 c c distilled water 

2 Dilute cmiMtc soda — 10 grams caust] 
soda in 100 c c water 

3 Saline rnimiic soda — 10 c c caustic sod 
solution (35-40 p c NaOH) to 100 c c saturate 
solution of salt 

4 Formic acid 00 p c — Concentrated con 
mercial acid 

5 Dilute formic acid — 1 e c formic aoi 
(90 p e ) to 100 c c distilled water 

0 Dilute hydrochloric acid — 5 c c hydre 
chloiic acid (30 p c ) to 100 c c of watei 

7 Soap solution — 10 grams soap in 300 c.i 
of water 

8 Tannin solution — 10 grams tannic aci 
and 10 grams sodium acetate in 100 c e < 
water 

9 Blexiching poivder solution — Fresh solutio 
at 5‘^Tw 

10 Ilydiowlphite AX (same as for woo 
see p 593) 

11 HydrosulpJnle B (same as for wool, Si 
p 5i)3) 

12 Hydrofndphite BX — Dissolve 50 gran 
of rongalito or hydrosiilphito NF cone in 125 c 
of hot water. Gnnd I gram of anthraqumor 
(precipitated, not sublimed) to a fine powde 
and reduce to a smooth paste with a little of tl 
rongalite solution. Add this paste to tl 
remaining solution, and heat the whole f< 
1 or 2 minutes at about 90°. Then dilute wil 
cold water to 500 c c , and, after standing uni 
cold, add H c c of glacial acetic acid Keep 
a well-stoppered bottle with greased stoppe 
The reagent should bo tested occa-sionally I 
trying its effect on cotton dyed with a-naphth\ 
amino bordoaux, wliK'h should be fully di 
charged after boiling for 1 or 2 minutes Tl 
anthraquinono may be replaced by ^-oxyanthr 
quinono, which can bo employed in the san 
way or previously dissolved in a little alcoh 
before it is added to the hydrosulphite. It h 
the advantage of giving a clearer solution, bi 
is not so generally available 

I 13 Persulphate solution — A cold saturat( 
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solution of potassium persulphate, or a 1 p c 
solution of ammonium persulphate. 

14. Acid stannmis chloride — 100 grams 
stannous chloride to 100 c c. hydrochlonc acid 
(30 pc) and 50 c o water. The hydrochloric 
acid must bo free from arsenic In testing for 
sulphide colours, this reagent may bo replaced j 
witn advantage by a strong solution of titanous j 
chloride. i 

15 Chromium jin onde reagent — A solution I 
of 10 grams chromium lluondo and 5 grams ! 
sodium acetate m 100 c c water I 

Procedure : General — All the reactions are I 
performed in test-tubes, with pieces of material j 
about J-i of an inch square, which arc covered j 
to the depth of from IJ to 2 inches with the . 
reagent. The degree of stripping is judged by 
comparing the remaining shade with that of 
the original pattern , the colour of the stripping 
solution cannot bo relied upon as a guide In 
testing the coloum of calico prints, the separate 
colours should bo cut out and the reactions tried 
upon them separately With cotton and wool, 
or cotton and silk unions, the weft is separated 
from the cotton warp, and each submitted to 
examination Doubt may frequently exist as 
to how a particular shade should be classified, 
whether, for instance, a reddish-blue is to be 
regarded as a blue or a violet In such eases 
the tables referring to both colours should be 
employed , but since the same general scheme is 
adopted throughout the tables, this can scarcely j 
give rise to confusion The same remark ! 
applies to possible mixtures , thus in examining j 
a certain green shade, both the yellow and the 
blue tables may have to be used ; 

To distinguish between individual dyestuffs 
of the same group the same method should be 
adopted as in the case of wool (,«?cc p 59 1) 

It is obvious that m many instances the 
analytical procedure may be greatly simplified 
by exclusion of dyestuffs the presence of which 
18 rendered improbable or impossible by the 
special circumstances of the case, eg by the 
material, shade, or mode of application of 
the colour 

Shipping te^t — A few of the direct dye- 
stuffs are parti.illy stripped by dilute ammonia, 
and may thus give rise to the impre-ssion that 
they are acid colours To avoid thLS error, 
it IS advisable to add a small piece of white 
cotton when carrying out the test With an 
acid dyestuff the cotton is either not tinted or 
becomes white on boiling a second time with 
dilute ammonia 

Transference of basic dyes to wool — The 
tannin mordant is first removed, as in testing 
for a basic colour, by boiling the pattern for half 
a minute with salino caustic soda It is then 
well washed to remove all alkali, and is boiled 
with a piece of white wool (half the size of the 
cotton or less) in a little water for 1 or 2 
minutes. In most cases the dye base will leave 
the cotton almost entirely, and dye the wool a 
full shade If the colour does not develop on 
the wool, one or two drops of dilute formic acid 
(1 : 100) may be added. In the ease of a few 
dyestuffs wjiich are more difficult to stnp 
(e g. basic greys), it is necessary to extract the 
colour with ^lute hydrochloric acid (1 . ^0), 
carefully neutralising the extract with ammonia 
before addmg the wool. 


Tannin test for basic dyes — Add a few 
drops of tannin solution to the formic acid 
extract. Shake well, and if the precipitate 
does not form at once, allow to stand a few 
minutea Some colouring matters such as the 
rhodammes, gallocyamnes, and chrome colours 
of the rosaniline senes (which contain carboxyl- 
or hydroxyl- groups in addition to basic groups) 
only precipitate slowly, and the precipitate, 
being more finely divided, ls sometimes difficult 
to see 

Bleeding test for diicct dyestuffs —Jn testing 
for direct dyestuffs by the bleeding test, the 
sample IS placed m a test-tubi' together with a 
smaller piece of white meremmed cotton cloth, 
and boiled with soap solution for about a minute 
The soap solution may be replaced by a 5 p c. 
solution of sodium carbonate 

Lead acetate ted for sulphide dyes — The 
sample is first boiled for two minutes with a 
10 pc solution of sodium hydroxide to remove 
any adventitious sulphiiT compounds It is then 
well washed and just covered with acid stannous 
ehlondo solution The mouth of the test tube 
IS closed by a cap of filtei paper closely wiapped 
round it, into the centre of which is placed, by 
j means of a glass rod, one drop of lead acetate 
' solution The contents of the test-tube arc 
slowly heated to the boiling-point, when a 
blackish- brown stain of lead sulphido appears if 
a sulphide colour is present The brown spot 
will again disappear on continued boiling on 
account of the decomposition of the lead 
sulphide by th(> hydioc liloiic acid evolved 
It IS impoitant fo jiay special attention to tlio 
cleanliness of tlie test-tubc'S emjiloyed foi this 
test, as tubes which have been previously used 
for hydrosulphite reductions acquire a thin 
invisible deposit of sulphur ujion their walls, 
which, on boiling witli stannous chloride, gives 
rise to hydrogen suljihide, and thus may lead 
to eiTor 

Reduction and reoxidahon lists — The reduc- 
tion with hydros 11 Iphito BX is earned out by 
boiling the sample with the reagent for from a 
minute to a minute and a half The azmes, 
thiazines, oxazines, &c , and most of the azo- 
dyestuffs are fully reduced m about half a 
minute, but the insoluble azo- colours and some 
direct dyestuffs require longer boiling to complete 
their leduction In testing the leoxidisability 
by air, the reduced sample may bo exposed to 
the fumes of ammonia, which in many cases 
accelerates oxidation 

Tests for vat dyestuffs — {See Green and 
Frank, J Soc Dyers, 1910, 83 ; and Grand- 
mougin, Tabellanschc Ucbcrsicht dcr Kupeii- 
farbstoffc ) 

The analytical tables worked out by Green 
for the identification of dyestuffs on vegetable 
fibres, are given on pp fi03-()U9, Tables VIII. 
to XIV 

S T Mulliken (Identification of the Com- 
mercial Dyestuffs, 1910) has published a 
systematic scheme of analysis, primarily in- 
tended for the examination of the dyestuffs in 
substance. The tables give the reactions of 
1475 distmct dyestuffs, and are of great service 
m the identification of dyes on the fibre 

Spectroscopic examination of dyestuffs. — The 
absorption spectra of dyestuffs may be used as 
an aid to tneir identification In the second 
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PYESTOTFS, IPENTIPIOATION OF, ON FABRICS- 

Colour changed to yellow-brown 
or brown —Alizarin class. A 
_ mod ant is present 

Mordant absent — Azo 
Salt dyestuff. Confirm 
by boiling with 5 p c. 
sodium acetate and a 
piece of white cotton 
stained 


I ^ a 


8 ^' 


^ « 8 S 3 
gAvSg 

TO ^ p 

'^W'oa 


Cotton is 
stained . — 
Salt-mor- 
dant ^e- 
stuff 


,, Alizarin red S, &c., on Sn, alizarin orange SW 
onCr, Al.Sn. 

Chrysophenme, chrys amine, diamine fast yellow 
3 G, diamine yellow N, benzo fast yellow and 
orange, congo orange, cotton j^ellow, carbazol 
yellow, pyramine orange, dianil orange, triazol 
yellow G, sulphon yello w, &c, 


Cotton remains 
white — Acid-' 
mordant ! 
dyestuff 


oi3>3?j^iOC34^qj 
O a ^5 a? ® g 

siSs^lsIo 

3 Jgi«g's5 

i|o3£28o 

^ 'S tj X ^ O Q, 

5 S 3 o ^ 


Colton IS 
stained — Salt 
dyestuff Stil- 
bene class 

Cotton remains 
white —Indigold; 
Vat dyestuff. 
Confirm bv ex- 
traction with am 
line and sublima- 
tion tost 


§2 


Mordant absent — Thl- 1 
azol Salt dyestuff. 
Confiim by boiling with 
5 p c sodium acetate 
and a piece of white cx)t- 
-o Iton I’he latter is stained 


Mordant present — 
Flavone or Ketone 
class 


Autochrome orange, mercerol yellow 2R, mer- 
cerol orange 2R, sahcine oiange G, ealicine 
yellow G, metachrome yellow, &c. 

Acid alizarin yellow, enochrome yellow, ali/ann 
yellow G, 2G, 3G, R, flava/ol, diamond flavine, 
antliracene yellow, chrome fast yellow, fast mor- 
dant yellow, salicino yellow D, diamond yellow, 
chrome yellow, chrome orange, &c, 
Curciimmo 8 , Mikado yellow, golden yellow and 
orange, direct yellow, s^ilbene yellow, diammo 
fast yellow A, AR, diamine orange G, dianil di- 
rect yellow S, chloramine orange, sun yellow, <S:c. 

Ilelindone yellow and orange, oiba yellow and 
orange, ciba indigo yellow 3G, thioindigo yellow, 
and orange, &c 

Thioflavino S, diamine last yellow B, FF, M, sub 
phme,primulmo, chloramine } ellow, brilliant pure 
yellow, chlorazol fast yellow, thiazol yellow, (day 
ton yellow, chlorophenine, dianil pure yellow 
naphthamine pure \ellow G, mimosa yellow, &c 

Fustic, quercitron bark, weld,^ llaMne, ahzann 
yellow A and C, galloflavme, &c 


£3ja 

I ^ g 

^ c3 

sa&g^ 

^ 33 , g « 
O M q e O 

^ « I -t: 2 

tin 




Solution becomes 
violet or violet-red 


Solution 
becomes red 


Solution becomes 
coloiiiless or 
pale yellow 


Metand yellow, orange TV, \dctoria yellow 


^ Fast yellow, Indian yellow, azoflavme, cur- 
cumeine, orange II, wool fast yellow. 


Naphthol yellow S, Martins yellow, citromne. 


No change of 
colour 


Colour is not affected — 
Quinoline or Pypone group 


Tartrazme, oranges G, 2G, &c , R, fast light 
yellow, xylene yellow, flg.va/ine. 


Quinoline yellow, uranine, eosin orange, tur- 
meiic. 
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Decolourised Colour i s not restored 
by air or by persulphate -Azo- 
group 
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Fibre and solution 
pale yellow 


Completely 

decolourised 


Green fluorescent solution ; — 
Aerldlne group 


Chrysoidine, tannin orange, now phosphine, 
Janus yellow. 


CO Thioflavine T, rhoduline yellow. 


(N Auramine 0 and G. 


. Pho'^phiue, benzoflaviue, rheonme, patent 
phosphine, aendine yellow, acndine orange, &c. 


Weld is partly discharged by acetic acid though the extract remains colourless. 
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DYESTDFfB, IDENTIFICATION OP, ON FABRICS. 

, Colour slowly changedto orangeorl 
orange-brown. Original colour Is 
restored by persulphate. A mor-| 
dant Is present. Alizarin cla ss 
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§ AhKarm red W, IWS, S, SB, PS, &c. 


Mordant absent * — Salt 
dyestuff. Confirm by 
boiling with 6 p c sodium 
acetate and a piece of 

white cotton 

Cotton is 
stained — 
Salt 

mordant 
^ye^uff 
Cotton 
remains 
white — 
Acid- 
mordant 
dyestuff 
Decolourised Colour does not 
return on exposure to air, but 
is restored by pei sulphate A 
mordant is present (A1 or Cr) 

Decolourised Colour returns 
on exposure to air — Indigoid 
Vat dyestuff. Confirm by 
extiaction witli aniline and 
sublimation lest 


Diamine, benzo, dianil, chlorazol, naphthammo, 
&c , reds, scarlets, and fast S' arlets, erika, 
geranine, ben/opurpurine, nulling reds and 
scarlets, polar red, &c. 

Anthracono red, acid anthracene red, auto- 
chrome red, salicine icd, chrome fast rod, &c. 


Antlnacone chrome red, acid ali/aiin red, erio- 
chrome red, oriochiomc 1 oideauv, ei'ochiomo 
garnet, oxyc-hrome <;amct, diamond red, pala- 
tine chiome led, &c 


Insoluble red woods, r (j , liaiwood, camwood 


!/! 

- O 

g§3S 

3 Box: 

‘^'3 -OH 


Colour is changed to yellow. ' 
Onglridl colour is not re- I 
stoied on expo.suio to air. | 
Sn is pieseiit I 


Jlelindone red, siarlet, fast scailet and pink, 
Cl ba It d and seal let, thioindigo icd, thiomdigo 
scarlet, vat red, &c. 


Cochineal scailet. 


Colour unaffected -Pyronet 
! class, 'the ammoniacal 
extract is lluoresceut, ami on > 
acidifying, the llnorostence I 
j is discharged 


CO Eo.sine, cosine scarlet, 
rose bengah‘, &o 


pliloxmc', erythiosine. 
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SB 
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Colour 18 changed to bright 
yellow, winch slowlv retiuns 
in air to original shade - 
Anthraquinone class 


Ahzaiin lubinol 


3 H , . 

T! 

. <u ^ O'S cs 

> I 

^ M t; I 5 2 

32° ' 
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> O '*'^'3 


Coloul clianged 
to dark maroon 
oi bliie-violet 


Colour 

unaffected 


P - 


Decolouri.secl Colour docs not 
return on exposure to air, but 
IS lestored by persulphate — 
Triphenyl-methane class 


^ Chromolrojio, azofuchsiiie 

Dalatmo siarlot, Vn toiia scailet, lanaluchsme, 
SOI bine red, Biebnc li aud icd, crystal scarlet, 
2 fast led, HOC cine scailet, Biel )rR‘h scailet, wool 
and ( loth reds, wool scarlet, araido naphthol red, 
eiiocarmme, eiiorubine, a/oatid led, fast acid 
c o' hineal, &.e 


Acid magenta, acid fuchsme, last acid red A. 


Decolouribcd Colour returns 
on exposure to an - -Azine 
class 

Colour unaffected - Pyrone 
class. On acidihing the 
ammoniacal extract, fluoi- 
escence is not discharged 


Unaffected A1 or Cr is jiresent in 
ash On boiling w-itli dilute am- 
monia the cololir becomes much 
bluer 


•OHj 

n 

-s 

It 
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Decolourised Colour is not 
restored either by air or by 
persulphate — Azo class 


Decolourised Colour does not 
return on exposure to air, but 
is restiTred by persulphate — 
Triphenyl methane class 


Fibre and 
solution 
violet 


Rosmdulino, azo caimme. 

An acid cosine or acid rhodamine, e g , fast acid 
eosine, fast acid phloxine, acid rhodamine, 
acid rosamme, xylene red, brilliant kitone red, 
sulpho rosazeine, &o 

Soluble red woods, p q , Brazilwood, Liinawood, 
sapanwood, peachwood, &c. 


Janus led 


Magenta, fiuh.sine, diamond magenta, new ma- 
genta, cense, &;c. 


§5 C'5-'2 
S 2 i ® 5 


^ O & 
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Fibre and 
solution 
green . — 
Azine class 


Colour unaffected : — 
Pyrone class 


eo Cudbear, archil 

Saframne, mdulme scarlet, rhoduline rod, di- 
I azAne red, bnlliant rhoduline red, brilliant rho- 
duline violet R, brilliant }-afranmo, Lc 

Rhodammes, irisamme, amsolme, rosazeme, 
^ 1-hodulme pink, &c. 
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Fibre and solution 
red-brown to 
violet-brown 


Fibre and solution 
orange i 


O o fto - 

"S 2 


Moidant absent Salt j 
dyestuft Conllim by 
boiling with 5 p c 
sodium acetate and a 
piece of white cotton 
Stained 


Moidant piesent Acid 
mordant dyestuff. 


Alizaiin bordeaux, alizarin claret, alizarin 
maroon. 


Alizarin red S, &c., on Fe. 


Diamine, benzo, diaiiil, Columbia, chlorazob 
naphtliainmo, clilorantmo, &c., violets. 


Acid alizaijii violet, acid cliiome violet, 
onocliiomo violet, Falatme ehiome violet. 


hH 

H-l 

m m 
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ilc'coloiiiised Colour does not le- ' 
tuin on oxposujc to an, but is re- 
st 01 ed by pel sulphate Triphenyl- 
methane class. A cJirome moidant 
is piesent ' 

a 'a Moidant absent Indlgold' 
TiS-'O Vat dyestuff Conlinn | 
c o M^y evtiaition with aniline | 
C 3 and sublimation I 


Moidant pi es( nt Azine, 
Oxazine, or Thiazine 
class. 


restou'vl b\ persulphate to a violet- 
biown Anthraquinone class 


Chiomogene \iolot, inetaciirome violet, 
cliiomo violet 


Helindoiie violet, ciba violet, ciba liolio- 
trojie, tliiomdigo violet, &c. 


Calloc^aiuiK', piunc, cclestme blue, corioinc. 


Anthraqiimoiie violet, alizaiin diiect violet, 
dliZciiin iiisol, ali/ann eyanol violet 


Dccoloiuised Colour is not le- 
btoied either by an 01 b\ pei- 
bulpliate Azo class 


Laiiacyl violist, <izo acid violet, sulplion 
j violet, Victoiia violet erio fastpuiple, wool 
violet 


■gS £ o Si'S 
g2g_§ c&i^ 

^3 "IT O O J ij 3^ 

§ .2 

PI Ip 

O PhPiO^I'® 3; Sh't-’o 

o d *=-2 2 bJS- 


g M If W) 
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Acid violets, alkali violet, guinea violet, 
formyl violet, kitonc violet, &c 


Pyiono colouis, c y , fast acid violets, viol- 
amines, and violet 4R, &e. 


Red shade soluble blues. 


Ceitain led-shade acid violets, e.y , acid 
violet 4RS and 6RS, red violets 4KIS, &c. 


Decolourised Coloui returns on 
exposure to air Azine, Oxazine, 
or Thiazine class 


Fast blue R, red shade indulmes, &c 


Unallected A 1 or Cr is piesent m 
I ash Uii boiling with dilute am- w 
Hionia, the colour becomes much bluer 

I a> Decolourised Colour does 
2*5503 [ not retiu n on exposure to 
L ce W a air, but is restored by i)er- 
igw *3 I sulphate Triphenyl- 

I'S ,*ot> methane class 



^ ft Decolourised Colour 

•g a returns on exposure tc 

2^3 *^ 1 ^ Azine. Oxazine, ^ 

^ T3 ? or Thiazine class 


Soluble red woods, e g , Brazilwood, Luna- 
wood, sapanwood, peachwood, &c. 


Methyl violet, ethyl violet, crystal violet, 
benzyl violet, brilliant violet, &c. 


Neutral violet, r^ioduline violet, methylene 
violet, tanmu heliotrope, iri.. violet, &c. 
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Colour changed to brown, becoming blue 
again on exposure to air • — Alizarin class 
_ Mordan t pre-^ent 


Mordant absent — Salt dyestuff. 
Confirm by boiling with 5 p c 
sodium acetate and a piece ot 
white cotton. Cotton stained 


o S-S O S 

9 


- « 


ioB 


Cotton 18 stained .— i 
Salt mordant 
_ dyestuff [ 

Cotton remains 
white — Acid-mop- 
dant dyestuff ' 


Alizarin blue (Anthraqumolme class). 

Diamme, benzo, (banil, Chicago, chlorazol, 
naphthamino, &c , blues and sky blues, sulphon 
acid blue, sulplioncyanmo, sulphonazurme, eno 
fast blue SWR, tolyl blue GR extra and 5R 
extra, 


Decolourised Colour does not return Mordantl c 
on exposure to air, but is lostored by absent 1 
persulphate - Trlphenylmethane Mordantl , 
T c,st for a mordant I present 1 ‘ 
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Colourless solution — o 

Pyrone dyestuff ^ 

Blue solution giving on 
evaporation a suMiniablo rr. 

residue —IndigoidVat I 
dyestuff ' 

Fibre and solution led I 2 


Autochiome blue 

Chrornotropo blue, acid chrome iduc, chrome 
fast blue, anthracene chiome blue, fast mor- 
dant blue, sah( 1110 i hronic' bbio, &o 

Biilliant milling blue B 

Cliiomo blue 

Fast acid blue R, violamme 3 B 

Indigo, hcliiidono blue 3G and 2B, ciba blue, 
thioindigo blue, etc 

El jochrome aziiiol, eiiochromo cyanuic, chrome 
worst'd blue, ( hiomal bliie,chiomoxano blue, «t-c 


so 3 


Fibre and solution blue or 
violet 


Fibie and solution green 


Mordant absent 


Mordant present 


InigUt yellow to orange- 
brown, retui rung with 
persulphate 


red-violet, leturniiig with 
persulphate 


Decolourised Colour is not restored either 
by dir or by persulphate — Azo class , 


Ammoniacal extract is 
colourless, but becomes blue 
on acidifying 


2+i a, '3^ 5 

s O 5 s 

® ,3 

p (U 2 ft 
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*2 ' -! Fibre and solution| 

5 colouiless to pale 
yellow 

a'S'lssg’ 

S ? 8-^ ! Plbre and solution 
^1 red-brown to 

' orange-brown 

The ammoniacal oxtrar t isi 
colourless Fe is present 

in ash I 

becomes 


GalloLyaiime, iclestino blue, loireine, piunc, 
gallammu blue, dclplime blue, biilliant delphino 
blue, imlalizaim, lauoglaut 1110 , ultra cyanme, 
ultra siolet, Ac 

Biilliant alizaim blue, meicerol biilliant blue, 
mdocliiommc, Ac 

Iiidanthreiie Iduo WB. 

Alizarin cyanine, brilliant ah/ arm cyanme, 
anthracene blue, ali/<um indigo blue, acid ah- 
zaiin blue 2Ji and GR, Ac 
Alizarin astiol, alizaim iiranol, cyananthrol, 
alizarin rliruit blue B, ali/arm (yaiiol B, aliz- 

aiin sky blue, antbraquinone blue, Ac 

Ali/ann saphiiol. anthrac\aniiic, ahzann diicct 
blue EB and E3B, ah 'arm lyanol EF, brilliant 
anthiazuiol, ciiocyaiimo LAI, fast sky blue, Ac 
Lanacyl blue, azo ar id blue, azo nuTino blue, 
a/o navy blue, cluomazonc blue, a/oi yamne, Ac 
►Soluble blue, water blue, alkali blue, chlorazol 
brilliant blue IIB, isamine blue 8 B, Irnlliant 
diarnl blue GG, brilliant sky blue 8 G, Ac 
Patent iriue, new patent blue, Neptune blue, 
xylene blue, brilliant acid blue, kitone blue, 
orioglaucmo, iiiocyamiio, oriochlorme, cyanole, 
cyamne, last a( id violet lOB, cyanogeno, Ac. 

Wool blue, cyanole FF, mtensn e blue, Ac 
Prussian blue 


The ammonia- 
cal extract is 
blue On 
I adding caustic 
soda 


violet on 
heating 
at once 
becomes 
yellow 


i ^ Thiocaimine, fast blue, induline, acid cyanine, 
I fluorescent blue, lazuline blue, Ac 

' ‘o Indigo extract, mdigo carmine 


I?" 

-d 

So-a 3 

OT o cj 0) 
tl 3 3 n 
8 |§| 


U naffecte d A 1 or Or is present In ash 
On spotting with hydrochloric acid 
the blu e is chan ged to b rick-red 

I =3 ><J I Decolourised A violet colourl 
I returns on exposure to * 
S,” a, 1 air — Safranine azo dye 
B .'S ' stuff 

-fefa'I 

.Decolourised Colour does not! 


OT 


• 7 * OT OT I return on exposure to air, but 
a ^ is restored by persulj late •- - 
.5'd^ I Tpiphenylmethane class 

3 0.3 I 

^OTXi I Decolourised. Colour returns 
SmS I on exposure to air :—Azine, , 
g" ^ I Oxazfne, or Thiazine class 


Logwood blue. 


Janus blue, diazine blue, indoino blue, Janus 
dark blue, naphthmdone, Ac. 


Night blue, Victoria blue, sotocyanine, seto- 
glaucine, turriuoise blue, Ac. 

Methylene blue, Nile blue, Capn blue, cresyl 
blue, Meldola’s blue, new methylene blue, di- 
phene blue, Ac. 
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q , g Original colour doea not 

^ return on exposure to air, i 

'S fl cj but IS restored by per- i 

g> £ N w3 sulpliate A chrome 

3 ^ mordant is present 

Alizarin cyanine green, alizarin viridine, | 
^ brilliant alizarin viridme, &c. 

.0 1 

5 S a Original colour returns on | 

oo'fi exposure to an A I 

2 2 2 mordant Is present 

(Ju 3 ruleino, aluarin green S, alizarin dark, 1 
green W. 

Colour changed to red-violet The 
original coloui is restored by per- 
sulpliate A chrome mordant is 
present 

JO Eriochromo veidono, acid alizarin green. 

Mordant absent — Salt 
£ S rt dyestuff. Conlnin by boiling 
£<■2 with 6 jp t sodium acetate 

2 1 0 and a piece of white cotton 

' s 

0 ^ cc ^ 0 1 

^ 1 Ootton IS stained. 

1?^^ Salt-mordant 

dyestuff 

MSaSi 

Diamino, bonzo, dianil, Columbia, cldorazol, | 
^ naphtha mine, &c , gieens. 

^ Diamond green 2 S, chrome patent gieen N, ! 
morceiol gieen, &c 

0 & ‘ 0^1 

'S Ooloiir of libre 
^ flesow'SETort^l unchanged, 
tjocj bluer . — 

Azoclass 

Diamond green B and 3(1, chromoxal green, 

2 Cyprus green, omega chiomo green, eno- 
ehiome green H and L, acid chrome green, &c 

o^'o Fibicand 

gfeis 'OOcj solution llgllt 

brown -Nl- 
^ 3 ft f ^*’oso class 

Deeolouiised Colour does not return 
on exposure to air, but is restored by 
persulphate Triphenylmethane 
class. A Cr moulant is present 

jNaphthol green B, gam bines, dioxine, 
chrome gieen U, &c. 

^ (3iromoxane green, chrome gieen, fast 
ehiomo green, &c. 

-g Mordant absent - 

0 j- § Indi^old Vat dye 

stuff. Confirm bv 
- ”.2 fl extiai turn with aniline 

^ 2 ^ » and sublimation test 

® Ciba giecn G, helmdone green G. 

ej 3 0 2 Mordant present — 

Oxazlneoi Thlazlne 

Ah? arm green B and G 

Orange, letuinlug 
,a ® ^ ^ persulphate to 

o-t 3 ci'IS grey-green 



Anthraqumone green, ahzarm cyamno gieen, 
alizaiin brilliant green, last acid green Rll, 
anthraiiuinono blue-green. 

~ Co '’i ,’d 

It ed- violet 1 etui nlng 
^oogo-d with perbulphate to 
^ oi t. 43 bluish-gieen 

0 

De,. louiised Colour is not icstored 
either by air or by pei'-ulphate . — 
Azo class 

1 t- Alizaiin emeraldol, alizarin direct green. 

^ Sulphon acid green, mixtures of an azo 
blue and yellow. 

Decoloniiscd Colour does not return 
on exposure to air, but is lestored 
by p<^rsulphato — Triphenyl- 
methane class 

' Acid grciui, light green, guinea green, wool 

, greon, Nop tune green, alkali fast green, 

I cyanole fast green, eno green, brilliant 

1 milling green B, night green, &c. 

Decolourised Colour returns on 
exposure to air — Azine, Oxazine, 
or Thlazine class 

Azine green S. 

Decolourised. Colour does not re 
turn on exposure to air, but is re- 
stored by persulphate — Trlphenyl 
methane class 

Malachite green, brilliant greon, fast green, 
setoglaucme, solid green, China green, new 
fast greon, &,c. 

Decolourised Original colour re- 
turns on exposure to air — Azine, 
Oxazine. or Thiazine class 

^ Methylene green, Capn green, azine green, 
fast green M, &c. 

Decolourised A dark violet colour 
returns on exposure to air — 

Safranine Azo dyestuff 

Janus green, diazine green. 
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Antliragallol, aiitliraceiio brown, alizarin brown. 


o a 

3 P.'§«o 

o i^,rn ft 
O M ^ 

■ 23 g«o 


d £2 
OTS P->> 
2 

o S-P . 

o cs 


<u «« *J 

M 'O Cfl 

PI OS'S S 5i 

cSsEtj 

5^1 


Diamine, benzo, diaml, Columbia, Congo, napli- 
thaiuine, toluylenc, Hessian, Ac , browns. 


Anthracene acid brown, at id alizaim blown, 
anthracene chromate blown, diamond blown, 
palatine chrome blown, salitine brown, meta- 
chrome brown, mercciol brown, &c Also 
manganese brown (Mn m ash) 


o . .XiS 

M 2 

llBpa 


Chromogen, oxychromine. 


Mikado browns. 


^ «3 « 8 3 

§ o “’S 


Helmdone brown, ciba brown, thiomdigo 
brown, &c. 


c«l2 ei /u'v ^ 1 

lt,.5|§sSsl3 

■gSs’3|’olS“3S 

i* -< 1 ! 


I Acid brown, fast brown, resorcin brown, guinea 
I «> brown, solid brown, sulphon acid brown, 
I Neptune brown, wool brown, &c. 


I§l-is 

Is® § « 

siiifs 

N a 


<N Bismarck brown, Janus brown, tanmn brown. 


'Sj a ^ 3 j^ 

llill 

g 2 'S®S>> 

I ? £ §,*•0 


Diazme brown. 
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*C.^ 


oO Q W cfi 

Q C M P C ^ O 


02' 


Naphthazanne, alizann blue black SW, W, 
brilliant alizann black, abzann black S, 
WR, WX, &c. 


!P d o 

m-3“ 

H-l Q (jj 

W 'tS 

ja 

'P k 
goo 

•§58 

00 d 

^ ^ A 
w « cs 
n P’P 

P P P 


H rt 


•1 


•^73 
C « 

o S 


p 

th O CJ 

Hog 

:S| 


_l 


£f>g 

l-iggl? 


(=5 5 

C5 S'*” ^ 
rt 2 o P 


pi 

S.“| 

O •§ 


-^•3 

o 

CO O ^ 

p4 


^ ti P <D «2 

873 P P gj 3 


S^pS pI'S'^ 
S'S « ° p E? 

O ^ a? rt 


Jg to^c 
o p'’^ 0 2^ c 2 

^ a s p 


s'- 

o^ 9h 
.^73 

0 a w*r 
rj Hoi S 
o CM >1 

-o 


Diamond black FB, FR, NG, GA, 2B, 
o Palatme chrome black, anthracene acid black, 
alizadine black, monochrome grey, 
anthracene chromate grey, &c. 


Diamond black PV, PVB, P2B, F, 
diamond blue black EB, triochrome black, 
o» eiiochromc grey, chrome fast black, 

anthracene chrome black, acid alizarin black, 
fast chrome black, acid chrome black, &c 


00 Aniline black. 


i- Alizann cyamne black. 


<p A ‘ vatted black ’ (inchgo and logwood) 


»p Logwood on Fe, Bonsor’s black 


Logwood on Cr. 


Union black, ( ’olumbia, diamine, dianil, benzo, 
CO chlorazol, naphthaniine, &c , blacks and fast 
blacks, direct deep black, direct blue black, &c. 


Naphthol black, naphthylamine black, nerol, 
azo acid black, Palatme black, 
sulphocyamne black, sulphon black, Biebnch 
patent black, crcsol black, &c. 


Janus black, diazme black, jute black, 
methylene grey, new fast grey, &c. 
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‘ ^ V gj ft CQ 

:|SS.S^- 

il'°g|5 

'§|ll ; 


isS::3§« 
) PS®* ® ** o § 
|5?M"a5 
■ S Stef’S s 

§ list's s 


I Colour not 
1 stripped by 
I formic acid c 
I No mordant ’ 
tin ash — Vat 
dyestuff 
Colour 
stripped by 
formic acid ' 
AlorCrmash 
— Mordant 
dyestuff 


The white cotton is ' 
stained — Thiazol salt 
dyestuff 


f/3 K 82 td 
S 2 3 k 2 


.c 2-0^ g 

2 8 I 

!§§«! 

iN 


M jmt ^ 

O {> 

“3-3 

|kf^2l^,oPQ 
2 2^ ^ 2 P S 


H^S IS evolved — Sulphide 
dyestuff 

*3^1 Colour Is not 
§^3 stripped Cr present 
in the ash — Azo 
3 2 !>. mordant dyestuff 

' Colour is st lipped 
I —Insoluble azo 
a I colour 1 


(S o 

sS'PcS 


3 M 62 I 

.2 k >‘^2 1 


1 I Film* after le- i 

'O diiction is coloiii- 1 
S less —Salt azo i 

3 3 dyestuff 

' 

2 >, Fibre alter leduc- 
o’O tion Is light yellow 

aiul can be diazo- 
8 ' tised and de- 

I veloped led with 
^ botaiiaphthol — 

^ Prlmulme azo- 

_ i __coloim 

Wool IS periuaneiilly 
decolourised i 
Azo class I 


Not decolourised 
The cone U^SD^ 
and alcoholic 
solutions are 
lluoi (‘scent - 
Acridine class 


Helmdone orange R, helindono yellow 3G, 
anthraflavone G, algolo yellow 3G and R, algole 
orange R, indanthrcno yellow, indanthrcne 
orange RT and golden orange, indanthreno 
copper, cibanono yellow R and orange R. 

Persian berries on Al^'or/'r mordants, abzarin j 
orange on A1 mordant ^ j 

C’hloropheniiie, ehloiamiiio yellow, tliamino fast 
yellow R, J<"F, tiiid 0, Clayton yellow, tliiazol 
yellow, thioliavine iS, Ac Pnniulinc developed 
with hypochlorite 

Yellows and oranges of the iinniedial, katigeiie, 
cioss-dye, pyiogene, thiogene, sulphur, thional, 
&c , series 

Ghronio orange*, ali/ann yellow R, GG, &c 
diamond flaviiie, Havazol, Ac 

Metaniti aniline oiaiigc, iiitrotoliiidme orange, 
orange* from iiaplitliol A( ' 

Ghiybophcmne, thrysamine, eaibazol yellow, 
toliiykne yellow and orange, stilbene yellows 
and oiaiigo., bonzo, ( -ongo, diamine, and diaiiil 
yellows and oianges, pyiamine oiaiige, Pluto 
orange, &c 


Piiniulmo developed with phenol oi with le- 
soK mol, cotton yellow G and R, oriol yellow, 
thanil yellow, &c 


^ M y o 2 2 

^ O ft r'l 


Chiysoidine, l.iimin oraie^e, Janus yellow, azo 
pho.sjiliine, new pliohplinie, Ac 


Phospiiiiie, bcnzollavine, aciidmc yellow, rbco- 
nine, orange llavopliosphme, Ac 


Aurammo 


PJavmdulme 


Thioliavine T, inethyleiio yellow, ihodulmo 
yellow 


Alizaim yellow A. 


Fibre bUcKcned 
Cl present In ash 


Chrome yellow or chrome orange (lead 
chromate). 


Permanently 
decolourised . — 
Azo class 


Indian yellow, orange IV , G, Ac. 


Not decolouiised 
Pypone or 
quinoline class 


Quinohno yellow, eosme orange 


Colour not transferred to the wool. 
Sn IS present ui ash 


Persian bemes on tm mordant. 



RECOGNITION OF DYES ON VEGETABLE FIBRES. 


DYESTUFFS, IDENTIFICATION OF, ON FABRICS. 


w ,Cr absent — 
3 1 Anthracene 
I § i Vat 
4a t* dyestuff 

d ^2 ' 
o\ 

j Cr in ash — 
Anthracene 
I Mordant 
I dyestuff 

Colour stripped by 
formic acid AI in 
ash — Anthracene 
Mordant dyestuff 


i Colour changed to greenish yellow 1 
i (not restored to original colour 
P by air), which can be dia/otised 
> and developed red with botaiuiph- 
{ thol — Primuline Azo colour ' 


i if nil 

I • V s c a 
». O fl cj ® o ” 

I 

i Sgstsl 

[sUsr 


Algole red B, mdanthrene red, indanthrene 
claret, ciba scarlet G. 


Alizarin, purpunncs or alizarin maroon on Cr 
mordant 


Turkey red, ahzann red, alizarm pink, 
alizarm maroon. 


Primuline developed with betanaphthol or 
with R-salt 


1 fcSi-SjS'o 

1 Sil^oSl 

§ a 

2 ssa^’si 

O) cj M fH 
S pq-- « o'-^ 
d * 

C3 ^ O 

S2«$ 


No H>S Is evolved 
lied vapours on 
heating — Indlgold 
vat dyestuff 


j T 1 .>S is evolved — 
'Sulphide dyestuff 


The colour is not 
stripped Cr in 
ash — Mordant 
Azo dyestuff 


>- The colour is 
stripped — In- 
soluble Azo colour 


Algole led 5G and scarlet G, algole pink R, 
ciba red G and scarlet G, ciba boi deaux B, 
holmdono red B and 3B, helmdono scarlet 8, 
helmdone fast scarlet R, thiomdigo red B, 
thioindigo scarlet, vat red 


Thiogene rubino, &c 


Chrome icd, bnlhant chiomo red, chiomo 
boi deaux, &c. 


Paiamtramline red, alphanaphthylamine 
bordeaux, cliloianisidine pink, mtroamsidme 
pink, scarlet and leds from naphthol AC. 


3 d • 


Cr or Cu iirescat 
— Azo Salt dye- 
I stuff after- 
) treated 


No Cr or (’u 
present -Azo 
Salt dyestuff 


Diamine fast red F, &c 


Benzopurjiurine, diamine scarlets, diamino 
rods, benzo fast scarlets, diazo brilliant 
scarlet, rosanthienes, Zambesi red, erica, 
diamine lose, gcraiimo, rosophenmo, &c. 


« g g 

-■SaS-H 

o B >>d*^ ^ 

CL c ^ O ^ 

g 2 o 

- 

d > S >» ja 

^fiTi 

cfl ^ 


Wool decolour hod 
Colour not restored 
by nlr or by persul- 
phate — Azo class 

W ool decolo url't.ed . 
Colour does not re- 
turn on exposure to 
dir, but IS ipstored 
by persulplmte . - 
Triphenyl- 
me thane class 

Wool decolourised 
Colour returns on 
exposure to air — 
Azine class 


Wool not 
decolourised — 
Pypone class 


Janus red. 


Magenta, fuehsme, ncw^fuchsine, isorubme, 
cerise, grenadine, &c 


Safranines, rhodulmo reds and pink, azine 
scarlet, indulino scarlet, neutral red, &c 


Rhodamines, rhodincs, irisamme, amsolme, 
rosazem, rhodulme pink, acndine reds, &c. 


2 St? o 

H C «« 


Decolourised. 
Colour not restored 
by air or persul- 
phate .—Azo class 


Not 

decolourised — 

Pyrone class 


Crocem scarlets, brilliant crocemes, Palatme 
scarlet, fast rods, &o 


Eosines, phloxine, erythrosine, lose bengal, &c. 



RECOGNITION OF DYES ON VEGETABLE FIBRES. 

TABLE X— PURPLE AND VIOLET COLOURS. 


DYESTUFFS, IDENTIFICATION OF, ON FABRICS. G05 


NoHaSIs 
£ evolved — 

S-ij® Anthracene 
3 d ^ Vat dye stuf f 

i ”2 d I HaS IS evolved 
j c — Sulphide 

dyestuff 

; I The colour on 

5 « I reduction is 

’ n ^ d browner or 
! darker 


g’g tfl — 

d jaj ofcc§)o'^^«c)>> The colour on 
M o si < reduction is 

«2 |2 Ho oft, unchanged 

o I d ^ ^ Or is absent 

I §> d; ^ « 43 d Coloured * 

p i S 5 g i S «|.S s| . vapours on 
^ ® o bo “"^d o boating — Indi- 

•3 ! S I S SsS i I i i _8qlddyestuff_ 

o ^h®c’E<;w oq Cr is present 
S MS^ogl' No coloured 

o . TS £ 5 ° c ^ M ' vapours on 
“ ’d|«oNqj*'.2jT3fi|ca heating * — Mor- 

^ dw dant Oxazine 

“ « o " ' 2 Sts ^H dyestuff (not 

o fallingin group?) 

^ HjB is evolved ; ~ 

\a Sulphide dyestuff 

^*^2 I The colour is 

S'-'So p, • 0*3., not stripped 

SidSS Cr present in 

d ^2»d 2^-3 ash -Mor- 

^ r .q'cS-S ^ f dant Azo 

dyestuff 

«§ 2^^ 0^5' Theiolonr I 

92 2 o-^'2 ®Cc Is stripped 

".3 I 5 ^'>C Insoluble | 

i " Azo colour i 

!§ 'irr^o Colour destroyed, 

«o giving yellow solii- 

■kS IS o«'2-S tlon Fepiesent 

lo ^ on“ 2 ^3 In ash —Alizarin 
r. ^ “ red on Fe mor- 

^ 3 I - - 

“3 |3og g I ?S represent '—Azo < 

5 ® -o io,|^ S-d i 3 Salt dyestuff ' 
cS 2 ^932 ® ® after -treated 

3 2ac-o 2 "K?rn;nrn,. I 


^ S 2 

5 P 22 


^pq a 

a -* 2 


a 2 Q O o « a £ 
oi:! += ® 

i" " I ' - 

.35 B ”*«>§■« g 

s II 8 § - 

^ i||i § 

^ O I 2 139 a 


o-isS^^ 3 ' 0 «§ NoCrorCu 
e g ft® present-— 

^ ^ Azo Salt ' 

I H dyestuff 

, Decolourised 

Gp only slowly. Col- 

esOfl-S - « 3^3 our does not ro- 
I'Urn in air, but Is 
§ « S § I S^S restored by per- 
S'^a'd 'd.c!>>c 3 sulphate — Tri- 
a S'l'^ phenylmethane 

^^.sl 5Sc§-a' -i- 

ft. 2 od Decolourised. I 

^ 2 ” Colour returns 

'S ft w ^ ^ 2 'd on exposure to » 
“g 33 |<^£So air -Oxazine 

class _j_ 

Mftrt-^^ ""Decolourised Colouri 
'^ 3 *=' -^ 3 ^ Is not restored by 

air or persul- =£ 
t>, 3 to 52 phate — Azo 

place 


H d >»2 OTT 3 does not return In 
^'Ir, but Is restored 
2^203 i£jC bv T)er8ulnhnt.e • — 


• •oa Triphenyl- 

•3 ^ I meth ane class I 
Decolourised. Colour 
12 I-, >, returns on exposuie 
&«£'^ to air — Azine 
© S (Oxazine or 

ft 2 Thiaz lne) class 
-g^ Not decolourised — I 
^ Pyr one c lass I 


i o ©.i-rt I • i 'I'l^c ammonlacal 
^ ® violet 

2 ^ o.S^ ©.a 2 2 The amraoniacal 

8 3 =* 9 -o g P ft § solution Is colour- 

® 2 £ 2 f 3 S 1 *£ 5 less, but becomes 

H*§Sl 8 S«.&A 2 e£^ blue on 
C-ft S, g acidifying 


Indan throne violet or violanthrcne. 


Tliiogcne dark rod, &c 


Ali/ann oyamno 3R, alizarin bordoaiix 

Gallcin, alizarin violet, alizarin claret, 
ali/aim cyclanimc, alizarin rod on CV mordant. 

Ciba violet, ciba lieliotrope, i,bioindigo violet, 
helmdone violet 


(lallocyanine, modern violet, ultra violet, 
eoreine, &C 

1'hiogene violet, katigmie violet, hydrono 
violet, &c 

Chrome bordoaiix, chromo juune, &c 


Benzidine puce 


Alizarin purple 


The underinmitioned (col 0) coppered or 
chromed 


Violets of the diamine, benzo, (Jongo, Hessian, 
Columbia, elilorazol, ohlorantme, dianil, 
oxamme, and rosanthrene senes 

Chrome violet 


Gallocyanine, modern violet, ultra violet, 
coreine, prune, &c 


Janus claret red, &c 


Methyl violets, ethyl violet, benzyl violet, 
crystal violet, &c 


Methylene violet, rhodulme violet, ms violet, 
neutral violet, tanmn heliotrope, &c. 

Anisohne. 

Acid violets, formyl violets, alkali violet, 
guinea violet, &c. 

Red shades of soluble and alkali blues. 
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tf'-M »-< 

-• o o 

»H 

S'S’« 

o «o w 

S-g^ 

aj i ^ 

gSH 

„2l 

2 ^ 4> 

o ft a) 
OTJ 

® ^ (U 


Cr absent : — | 

Anthracene vat ; ! 
dyestuff i 


Cr present in 
ash —Alizarin 
dyestuff on Cr 


No HgS evolved- 
Alizarln dye- 
stuff on A1 


HoS Is evolved 


Colour cliariRcd to greenish-yellow, 
which can bo dlazotlsed and developed 
with betannphthol — 
Primuline azo colour 

No coloured vapour 


I '‘5 1/ 

“ ® ® o i:* 

I "I ill 

2 1 cs 

" - - -o a 
, _ ^ „ o-d 

LS 3 3 

'o O /V 

ggpo- 

-W ^ 

^■3|’§§ 

of ? 

•aSiSoS 

P 3 07; C 

««oSg 
C-d I o i 


d 

rt ® 

r/5^ 

-Ka d 

®'S3£ 
>> 


Cr in ash —Mor- 
dant thiazine or 
oxazine (not falling 
in group 0) 

^’iolct vapours 
cvolve<l — Indigoid 
dyestuff 


ITaS IS evolved •— 
Sulphide dyestuff 

The white cotton is not 
stained Colour is stripped 
by boiling pyridine — 
Insoluble azo colour 


SgSa 

Iss^l 

cs§S5 

ft rt ® ♦-- 

v-^^o 

® d^4J 

li) t o 

a 

S|SSs 

£f|&S® 

^ O c 

So 2 2 

ft rt (35 035 

oMM jh a 

O CJ I O 3 

2"^ aa 

S fl a S 

^ ‘*^43 § 

o £5 o " 
" S o a 

® CO ” 


Q'S'^o Cr or Cu present — 
^coH’d Azo salt dyestuff 
8 1 % after-treated 

■2'dit3f^ 

fsgg NoCrorCu 
oS<o'^ present —Azo salt 
43 , dyestuff 

HS*«S I 

Iteoolourised 
slowly Colour 
restored only by 
persulphate • — 
Trlphenyl- 
methane class 


I _'S|o 

II of II 

« CO 0*^43 ^ 
^ 3) 0 3 2 
ad>;"'a 


te 

PQ c« 


Decolourised 
Colour returns on 
[exposure to air — 
Oxazine class 
Decolourised Colour 
does not return on ex- 
posure to air, but Is 
I restored J)y per- 


pi 

•fe 

Om 

<0 a 

as 


Safranine azo 
dyesU^ff_ 


I sulphate •— Triphenyl- 1 
methane class 
Colour changes to red 
ci - just before being de- 
1'— -5 ' eolonrised Colour 
8 ”3 ! returns violet or blue 


I 


Decolourised Colour 
rcl urns on exposure to 
air Azine, Oxazine, 
or Thiazine class 


indanthreno blues, algole blues. 


Alizarin blue, alizann cyanines or 
anthracene blues on Er mordant. 


Alizann cyanines or anthiaccnc blues on A1 
mordant, erganono blues. 


Ultramanno. 


Primuline developed With naplithylamine ether. 


Bnlliant alizarin blue, gallocyanme, gallammo 
blue, prune, coles tmo blue, delphmo blue, &c. 

Indigo (natural and synthetic), indigo MLB 
2B, 4B, 5B, ()B, and T, ciba blue, brommdigo 
FB. 


Blues of the immedial, Itatigene, thiogene, 
pyrogene, sulphur, &c , series, hydrone blues 


Diamsidmo blue, blue from napbthol AC 


The undermontioncMl (col 8) coppered or 
chromed 


Blues of the diamine, bonzo, Congo, Columbia, 
chlorazol, dianil, oxammo, Chicago, &c , senes 


Chrome blue. 


Gallocyanme, gallammo blue, eelestme blue, 
pnme, coreine, ultracyanmo, modern cj anine, &c. 


Victoria blue, niglit blue, turquoise blue, 
setoeyanine, &c. 


Indoine blue, Janus blue, naphtbindono blue, 
diazine blue, &c. 


Methylene blue, Nile blue, Capri blue, 
indazme, Basle blue, Meldola’s blue, fast blue, 
cresyl blue, rhodulme blue, nitroso blue, &c 


The extract is colourless and 
remains so on acidification. 
reCl3 gives a blue precipitate 


Prussian blue. 


The extract Is colourless, hut becomes 
blue on acidification. Transferred 
to wool, the blue is decolourised by 
I liydrosulphite A, and restored by 
I X>^r8ulphate : — 

1 Triphenylmethane class 


Alkali blues, soluble blues, chlorazol brilliant 
blue, isamine blue, betamine blue, bnlliant 
dianil blue, bnlliant sky blue. 
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rJl 

w 

CP 

hH 

PP 

hP 

CP 

H 

ci5 

pp 

k 


o ' 

m 
PP 

Sa 

S3 


w 


1^ 

cb 

o 

o 

pp 

CP 


Reduced to yelJow. Restored by air 
oxidation •— Indigold dyestuff 


g Ciba green, hclmdono green. 


s 

rH 


site 

SigS 


v 

«t3 


Reduced colour is blue. 
Green shade restored by air 


Reduced colour is dark 
maroon. Green shade 
restored by air 

Reduced colour is brownish- 
[olive IlaS evolved on apply 
mg lead acetate test 


0^1 Colour of fibre rather 
I « g .§ o I ])aler, solution 

I S “ i .d • 1 hrownish-yellow 

* ' 8 ^ 5 j Colour of fibre be 

^ Si comes grev, solution 
rod Ni m a<nh 

Colour unaffected 
Solution colourless 
Cr in ash 

Reduced colour is brownish- 
red Green restored by per- 
sulphate, but not bv air 
Boiling IICl (1 20) gives 
bright green solution 



® r « 




No 11 >S is evolved — 
Mordant Oxazlne (or 
Thiazine) 

HaS is evolved 
Sulphide dyestuff 


The colour is changed to greenish veliow, 
not restored to green bv air, whicli can 
be ;iiazotised and developed red with 
betanaphthol •— Primuline Azo class 


4) O <3? 

§|«| 

If - 


8 






1,0 a 8 25 ^ 


jj o w-M aj 

^ O d tn 

3'“ «« 2 


;h "W 


Not decolourised 
Cr is present in thej 
ash —Mordant 
Azo dyestuff 

Colour destroyed 
b’e is present in 
the ash — 
Nitroso class 

I Cr or Cu present 
— Azo Salt 


glS'g^j 'treated 

goes ili-o^a' CrandCii 
absent — 


Azo Salt 
dyestuff 


C/l 


P,.i3 oJ S -O 

uU'o O 5 o 

O o tn pS*-^ 
d o 
B d c'2 
-2,2 S 2 o 

l“P«| 

o S 3 ® M ® 
a, d a> >>o 


Precipitated Cr in ash Fibre 
decolourised by hydrosiilphite 
BX, the colour not returning 
in air, but restored by per- 
sulphate — Trl phenyl - 
methane class 


•d 

eo Z A 

dr ® p 
1s 2 >> 

2 S 

U> d o 


Decolourised Colour doesj 
not return on exposure 
to air, hut is restored 
by persulpliate — Tri- 
phenylmethane class 

Colour becomes red just 
before bcingdecolourisod 
Colour returns violet or 
green on exposure to 

air — Safranine Azo 
class 


Decolourised Colour 
returns on exposure to 
air :— Azine, Oxazine, 
or Thiazine class 


The colour is stripped Acid dyestuff. 
The colour transferred to wool is decolourised 
by hydrosulphite A and restored by per- 
lolpna^ Triphenylmethane class 


Algole green. 

Iiidaiithrcno green or vindanthrene, loucolc 
dark green B. 

Indanthreno olive or olivanthrOiie 


Cojruleino, anthracene green 

Alizarin green S on Ni-Mg mordant. 

Alizarin green S on O mordant. 

Alizarin vindinc, biilliant alizarin viridine, 
alizarin cyanine green 


Gallanilic green, indalrzarmo, A'C 

Greens of the immcdial, katigene, thiogone, 
P3n*ogene, cross-dye, sulphur, and thionol 
senes 

Pnmulme developed with amidodiplumyl- 
ammo 


Diamond green, (fee 


Russian green, fast green O, steam green, 
Alsace green, ganibmos, dioxino, «fec 

The uudonni'ntioncd (col 0) coppered or 
chromed. 

Diamine green, benzo green, Columbia green, 
chloramine green, (fee 


Chrome green. 


Brilliant green, malachite green, methyl 
green, Victoiia green, setoglaiiciiie, new 
fast green, (fee 


Janus green, diazine green, (fee. 


Fast green M, methylene green, azine green, 
Capri green, &o. 

Acid greens, guinea green, Neptune green, 
naphthalene green, agalma green. 
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TABLE Xm.— BROWN COLOURS. 
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*3 

P« 


il 

i| 

15 

2 P. 

14 


i3 ? 
oS 


i Cr and Cii absent 
p I Anthracene vat 
dyestuff, Ac. 

'd 


“ ' §s 

O I’gS 

sis* 
i ! Id 

LM 


P<.-4 

sl 

B . 

P w 
U O 

OTS 


tn^ 

"a eU^ 
O o 

=11 

II'' 


P.O? 

2«-8 

^ag 


pTa . 


^ n 


Comjpletely 

stripped 


II2S is evolved — 
Sulphide dyestuff 


Decolourised and original colour 
restored by air — Indlgoid class 


The shade is changed to greenish | 
1 yellow, which can he dia/otised 
i and developed red with beta- i 
I naphthol Prlmullne azo-colour 


««'3 

SSs 

hi 

S.3'2 

® O M 
§-§ 
■SSs 

C 0) 

o pn 
d 0* rt 

H ® 

iSg 
8 "| 
'd N*© 

cs r 


25 

II 

83 



Cr or Cu 
present : — Azo 
salt dyestuff 
after-treated 


Cr and Cu 
absent — Azo 
salt dyestuff 


The colour is stripped, giving acid 
extract which'Is precipitated by tannin 
solution • — Basic dyestuff The 
dyestuflf transferred to wool is 
permanently decolourised by hydro- 
sulphite AX .—Azo class 


The colour Is stripped ‘—Acid dyestuff 
Transferred to wool It is permanently 
deoolourlsedjbv hydrosulphite AX . — 
Azo elass 


Indanthrene maroon, algole brown, loucole 
browns, cibanone brown, paramine brown 
(p-phenylene diamine oxidised on fibre). 


Cutch. 


Alizarin orange on Cr mordant, alizarin red 
or purpurm on Cr, 


Anthragallol, anthracene brown, alizarin 
brown 


Immedial cutch, cross-dye brown, katigene 
browns, pyrogenc biowns, thiogene browns, &c. 

Helindono brown G, ciba br#wn, 
thioindigo brown. 


Primulmo developed with mctaphenylene 
diaimno, terra-eotta, &(* 


Iron buff, khaki (oxides of Cr and Fe). 


Manganese bronze 


Parani tramline cutch (para red coppered). 


Para brown (chrysoidine and paranitranilme), 
benzidine or toludino brown 


The undermentioned (col. 3) coppered or 
chromed 


Browns of the diamine, benzo, Congo, 
dianil, chlorazol, Columbia, Hessian, examine, 
and toluyleno senes. 


Bismarck brown, Janus brown, tanmn 
brown, &c. 


Fast brown, naphthylamine brown, acid 
brown, &c. 
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DYESTUFFS, IDENTIFICATION OF, ON FABRICS. 


Cr absent — ; 
Anthracene , 
vat dyestuff 


^ Cr present — 

I o S Anthracene ^ 
i) H I mordant 
i dyestuff 


Tndanthreno grey, mdanthreno black, 
cibanone black, helindonc black 


Alizaiin cyanine black, alizarin blue 
black B. 


1 The reduced colour is 1)1 own ' 

S I Only slowly and impeiiectly 
5^ire'^tored to black by air, but oo 
^ o at once by persulphate Cr 

present in ash Naptha- 

2 G lene mordant dyestuff 

1 o - -- — 

i ^ ^ NoH2Sia evolved 

3 S o (A Fibie becomes 

3 ® reddish-biown 

1 on boiliuf? with r^i 

•i 23 N “^IblcachluK powder 

3 o ^ C “ solution r>" Tw — 

5 2 '^ I An oxidation 

^ black 

2 — 

H 0^3 HoS is evolved 

t Fibie becomes 

3 ^ I m ‘ 

j bull on boiliu}^ rH 

3 with bleai lung 

s 1 2^ 2 ^ powder solution 

5°Tw -Sui- 
n’^ ° phide dyestuff 

Decolourised and colour ic- 
stored by air Gives violet o 
vapouis on heating in dry 
tube — Indigoid dyestuff 
. i ( The white cotton IS 
2 ' "i 2 '’tained Colom 
-p o) ^tii])ped by boil- 1 

ing pvndinc — 
Insoluble azo 

§f “ I _colour I 

o g ^ I Cr or Cii i 
'present-, 

a ^ 3 S , Azo salt 

i dyestuff, 

•2 i I 8 h a I J ! 

23 V », > < 1 ) ^ treated ' 

I 

Cr and (hi 

r. So absent — ' . 

5 2 S o Azo salt I 

^ dyestuff | 


p, n ^ 


M 3, • ^ 

0) flfc’G'g 




Naplitliazarino S, ali/arm black S, alizaiin 
blue black SW, naphthomclanc 


Agcd-anilmc black, I’russiate black, 
one-bath aniline black, steam aniline black, 
diphenyl black 


Blacks of the immodi.il, katigono, cross-dye, 
pyrogeno, tluogcnc, tlnonol, pyrol, 
sulphur, &L , senes 


Ciba grey G and B 


Azophor black, &c 


The nndoimentioncd (col 7) coppered or 
chromed 


Blacks of the dianuno, oxy diamine, benzo, 
Columbia, di.inil, Pluto, &o , scries Also 
diainmogcn, diazo blacks, &c (developed 
or coupled) 


Colour becomes red ' 
just before being de-i 
colon nsed Violet | 

or violet-blue colour' 
returns in air — ' 
Safranine azo , 
class. 


Decolouiiscd 
Colour returns on 
exposure to an — 
Azine, Oxazine, 
or Thiazlne 
class. 


Janus black, Janus giey, cliazme grey. 


Methylene grey, now methylene grey, new 
fast gioy, nigrisine, &c 


Solution red Cr In ash 


Logwood black on chrome mordant, 
noir reduit 


Solution orange Fe in ash co Logwood black on iron mordant. 


^ I Fibre and solution colourless <m Tannate of iron 

H 1 


The colour is stripped — Acid dyestuff 
The dyestuff transferred to wool and boiler' 
with hvdroBulphite AX is permanently 
decolourised . — Azo class. 


VoL. II — T. 


Naphthol blacks, naphthylamme blacks. 
Palatine black, &c. 
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edition of Vogers ‘ Practisehe Spectralanalyse 
irdischer Stoffe ’ (1889), charts were given of the 
absorption bands of various dyestuff solutions. 
ThLS work was greatly extended m ‘ Form&,nek’s 
Spectralanalytischer Nachweis Kunstlicher 
organisehen Farbstoffe ’ (1000), which contains 
a systematic scheme for the spectroscopic iden- 
tification of upward of 350 cbstinct dyestuffs 
In a later publication (1905) entitled ‘ Qualitative 
Spectralanalyse anorganischen und organisehen 
Korjier,’ Formanck has extended his data to 
include the natural colouring matters, and, in 
conjunction with E Grantlmougin, has re- 
published his tables as ‘ Untersuchung und 
Nachweis organisehen Farbstoffe auf spectro- 
scopischon Wege ’ 

The value of sjicctroscopic tests for the 
identification of dyestuffs on the fibre is limited 
to those dyestuffs which can be removed without 
change by suitable solvents 

(Spectroscopic examination of dyed fibres has 
not yielded useful results W M G 

Note. — Green’s scheme of identdieation of 
dyes and the annc'xed Tables aie printed by 
pel mission of Prof A G Green and Messis 
Chas. Griffin & Go , Ltd 

DYER’S BROOM. Oermta tindona (Linn ) 
{Dyer's hroom^ Dyer's qreeriweed , Qemty 6V«c- 
strolCf Trentanel, Fr ; Oinstei^ Ger ) is found in 
the pastures, thickets, and waste places through- 
out Central and (Southern Europe, across Russian 
Asia to the Baikal, and northward to Southern 
Sweden It is frequent in the greater part of 
England, but rare m Ireland and Scotland | 
M’ho fact that it contains a yellow colouring 
matter is recorded by numerous writers, and 
the following embody the principal references to 
the dyeing and general properties of the plant 
Bancroft (Philosophy of Permanent (Colours, 
1813, 2, 108) , Gmolm (Handbook of Chemistry, 
16, 517) ; Bertliollet (On Dyeing, 1824, 2, 242) , 
Gonfreville (L’Ait de la Temture dcs Lames, 
501), Leuchs (Carbon u Farbekundo, 1846, 2, 
309), and Schutzenberger (Traite des Mati^*res 
Colorantes, 1867, 4, 422) 

To isolate the colouimg matters, a hot 
aqueous extract of the plant is treated with lead 
acetate solution, and the pale yellow viscous 
precipitate is collected and decomposed by 
means of boiling dilute suljihunc acid The 
clear liquid decanted from the lead sulphate 
deposits on cooling a dull yellow powder , this 
is filtered off, dissolved m a little alcohol, and 
the solution poured into a largo volume of 
other, causing the separation of a dark-coloured 
resinous impurity. The clear liquid is evapor- 
ated, yielding a yellow crystalline residue, 
which consists of two substances To separate 
these, advantage is taken of the fact that, with 
sulphuric acid in the presence of acetic acid, 
one only of these compounds gives an insoluble 
sulphate This is collected and decomposed 
with water and the product crystallised from 
dilute alcohol It is ontamed as yellow needles, 
and was found to be identical with the luteohn 
of weld {Reseda luteola) (Perkin and Newbury, 
Chem Soc Trans 1899, 75, 830). 

Oenistein C14H10O5, the second colouimg 
matter of dyer’s broom, is present in the mother 
liquors obtained during the purification of the 
luteohn, and also in considerable quantity in the 
filtrate from the lead precipitate, from wh-ch 


it IS most leadily isolated To the boiling 
liquid ammoma is added, causing the separation 
of a lemon-yellow precipitate, which is collected 
and decomposed with boilmg dilute sulphuric 
acid The clear liquid is extracted with ether, 
and the extract evajiGratcd, leaving a browmsh 
crystalline mass It is purified by crystallisation 
from acetic acid, and by conversion into the 
acetyl derivative. 

Genistcin crystallises in long colourless 
needles , m p 291°-293'^ (Perkin and Horsfall, 
Ghcm Soc Trans. 1900, 77, 1312) , soluble in 
alkalis with a pale yellow colouration Alcoholic 
ferric chloride gives a dull-red violet colouration, 
and alcoholic basic lead acetate a lemon-yellow 
precipitate 

Trtacetylgcnistein G|4H705(C2H30)3, colour- 
less needles, mp 197"~201°, and tchabnm- 
gemstein Ci4HgBr405, colourless needles, m.p. 
above 290”, have been described 

On digestion with boiling 50 p c potassium 
hydroxide, genistein gives phlorexjlucmol and 
\i‘hydroiyj)henylucetic acid 

By methylation with methyl iodide in the 
usual manner, gemstem dimethyl ether and 
mcthylgenistem dimethyl ether are pioduced 
Gemstem dmicthyl ether GJ4H ,03(0(^13), 
forms colourless leaflets, melts at 137^-139°, and 
gives the laonacetyl compound 

minute colourless needles, m p 202°-204°. 
When decomposed with alcoholic potash, it 
forms methoxyphenylacetic acid and phloroglucinoL 
monomethyl ether (identified by means of its 
disazobenzcne derivative) 

Methylgenistein dirnethyl ether 

CH3 C,,UMOCll,), 
melts at 202” , and the acetyl derivative 
CH3 

forms colourless needles, m p 212”-214°. With 
alcoholic potash it gives methoxyphenylacetic 
add and probably methiflphlorogliu inol-mono- 
methyl ether 

Gemstem diethyl ether Gi4Hg03(()C>H5)2 
forms colourless needles, m p 132°-i34” , 
whereas acetylqemstein diethyl ether 


C44H,03(02H30)(0C2ll5)2 
melts at 168”- 170°. Alcoholic potash gives 
p- ethoxy phenylacetic acid 

According to Perkin and Horsfall, gemstem 
may be a trihydroxyphenylketocumamn — 


OHf' 


OH 




CH- 

\co/ 


OH 


Gemstem is a feeble colouring matter, and 
upon woollen cloth gives, with chromium 
mordant, a pale greenish-yellow , with alumin- 
ium mordant, a very pale yellow ; and with 
iron mordant, a chocolate- brown shade. 

Dyeing Properties of Dyer's Broom — In this 
respect there is a close resemblance between 
dyer’s broom and weld The dyeing power of 
the former is distinctly the weaker of the 
two ; otherwise the only point of difference 
worthy of mention is that shown by the iron 
mordant, which, m the case of dyer’s broom, 
„ives a duller and moio drab-coloured shade. 
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Lutoolin is also present in the Digitalis purpvrea 
(digito-flavone) (Fleischer and Fromm, Ber 
1899, 32, 1184; v Kostanecki and Diller, ihtd. 
1901, 34, 3577), and m the flowers of intirrhivum 
majus (Wheldale and Bassett, Bio-Ohem J Ic) 

AGP 

DYMAL, Trade name for ‘ didymiiim ’ 
salicylate [Nd Pr j [C 6 H 4 (OH) CO ,1^ A Veddish- 
white substance, used as a dusting powder, 
having non-irntant and antiseptic yirojx'rties 

DYNAMAGNITE, DYNAMITE Explosives 

DYSANALYTE. A cubic or pseudo-cubic 
mineral consisting of titano-columbate of 
calcium with some ferrous oxide, cerium earths 
(up to 5 pc), and sodium The amount of 
Cb^Og given in various analyses ranges from 
ml to 26 J) e , and the mineral has sometimes 
been asserted to be identical with perofskite 
(CaTiOg) , the diiTicultios presented m the 
analysis of this mineral are, however, implied 
by its name, from hvffauuKvrosy ' hard to undo ’ 
It occurs as small black cubes in contaet-meta- 
morphic limestone at Sasbach m tlie Kaiserstuhl 
Mountains, Baden, and in metamorjihie sand- 
stone at Magnet Cove, Aikansas Ti. J S 

DYSCRASITE (antimonial silver) Anti- 
monido of silver AggSb (Ag 84 3 p e ) to Ag<jSb 
(Ag 72 9 pc), occurring as silver-white masses 
with metallic lustre, but often with a dull 
yellowish or black tainish The mateiial is 
sectile . If =3|-4 Orthorhombic crystals, 
twinned to simulate hexagonal foims, are laic 
and not distinctly developed According to 
T Liebisch (1910), two compounds are ie[)re- 
sented, namely, cubic Ag(,Sb, with spgr 10 05, 
and orthorhombic Ag-,8b, with sp gr 9 63-0 82 
The mineral is found in silver mines at Wolfach 
m Baden (where it is the chief ore), Andieasberg 
in the Harz, Allemont in France, and the 
Cobalt district in Ontario. L J S 

DYSODILE. A soft laminated carbonaceous 
substance of a yellowish -grey or green colour 
burning with a luminous flame, and a smell 
resembling that of burnmg caoutchouc Found 
in Sicily and in Bavaria (Fricklinger, Jahrb 
Mm 1875, 760; also Ohurch, Cliem News, 34, 
155 , Potonio, Cfliem Zentr 1907, n 555). 

DYSPROSIUM. Sym Dy At wt 162 5 
(162 52 Kremers, Hopkins, and Engle, J Anicr 


J Chem Soc 1918, 40, 508) (Urbain and Demeni 
troux, Oompt rend 1906, 143, 598 , Hmrichs, 
thid 1143) From erbia — one of the fractions 
obtained from ytterbite — Olcve separated an 
earth which he called ‘ holmia ’ , and from this 
matenal Lecoq de Boisbaudran isolated a 
simpler constituent, dijspwsia, characteiised by 
a well-marked absorption spectrum showing 
bamis in the ultra-violet as well as m the visible 
region of the spectrum ((’ompt rend 1886, 102, 
100) This oxide, one of the most basic con- 
stituents of holmia, was concentrated by pie 
cipitations with potassium sulphate and am- 
monia Further fractionation of the nitrates 
and double nitrates gave a product rich in 
terbium and dysprosium (Urbam, Compt und 
1904, 139, 73()‘, 1905, 111, 521) The lattei is 
separated from teibium by fi actional crystallisa- 
tion of the ethyl sulphates, teibium and yttrium 
being concentrated in the least soluble fraction, 
whilst dysprosium accumulates in the iniddie 
fraction (Urbain, Ann (fliim Phys 19(X), [7j 
19, 184, (V)mpt rend 1906, 142, 785) 

Dysjirosium mati'rial of very high purity 
may be obtained by fi actional crystallisation of 
the raie-earth bromates, followed by fractional 
crystallisation of the ethyl sulphates (Engle and 
Balke) 

Dysprosium is separated from yttiium by 
crystallisation of the nitrate with the addition 
of bismuth nitrate 

Dysprosium forms a wlntc oan/e Dy^Og, but 
no peroxide Its salts liave a faint greenish- 
yellow tint chlorate DyFl^.bH^O, nitrate 
1 )y(NOj) 3 , 511,0, melting at 88^^ in its water of 
crystallisation, veiy similar to bismuth nitrate 
(Urbain and Jantsdi, Compt lend 1908, 146, 
127), sulphate biilliant 

yellowish ciystals, stable at 110^’, and com- 
pletely dehydratf'd at 360'' h'or other salts, v 
Jantsch and Old, Ber 1911, 44, 1274 

Dysprosium stands timt in the list of para- 
magmdic elements, its oxide Dy^Og being 12 8 
times more magnetic than feme oxide. The 
high values for the magiKdic susceptibility of 
the rare eaitlis (yttria, erbia, &c ) fractionated 
by t-leve and Nilson aie probably due to the 
piesence of dyspiosium (Uibam, Compt rend. 
1908, 146, 922) G...'L\ M 


E 


EARTHNUT OIL v Arachts oil 

EAU DE COLOGNE v Perfumes 

EAU DE JAVELLE. Solution of sodium 
hypochlorite (v Bleach liquor, Ohlortme) 

EAU DE LUCE. Aqua lucice A milky i 
liquid contaimng od of amber, alcohol, and am- I 
monia {v. Amber, Oil of). 

EBONITE. Sulphurised caoutchouc {v. j 
Rubber). 

EBULLIOSCOPE. An instrument for deter- 
mming the strength of spints of wine by means 
of its Doilmg-point 

ECBOLINE V, Ergot. 

ECC AINE. N - benzoylhydroxjrpropylnovec- 


gonideno ester A compound allied to cocaine 
and of the structure 

CH^ CH— CH CO,Et 

I I 

NH OH 

I II 

CH, CH— CH 

A crystalline base, more active than cocaine in 
Its anaesthetic properties, is non -toxic and can be 
readily sterilised (Braun and Muller, Ber 1918, 
235 , Chem Werke Grenzbach, D. R. P. 301 139). 

ECGONINE e Cocaine AND the Coca Alka- 
loids. 



ECHITAMINE, ECHITENINE. 
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ECHITAMINE, ECHITENINE v Bita Bakk. 

ECHUJIIN V. BraiTALis 

E. C. POWDER V Explosives 

EDESTIN. A crystalline protcid substance 
found in the seeds of hemp, sunflower, and 
castor-bean, capable of uniting with acids to 
form salts (Osborne, J Amer Chem 8oc 24,39) 

EDIBLE OILS AND FATS. Under this tcim 
arc compnsed those oils and fats which servo 
as food. Most of the edible oils and fats, such 
as olive oil, cod liver oil, suet, laid, buttei-fat, 
cacao blitter, goose fat, &c , are immediately lit 
for consumption, if ‘ rendered ’ with suflieient 
care Hence they rarely need undergo a 
|)rocess of teclmical puiilieation, except simple 
Idtration, before they are placed on the maiket 
This applies, however, only to the ficshly 
lirst ’) rendoiod products, as contact with 
putrescible organic matter rapidly causes 
hydrolysis of the oils and fats, so that, e g , lard 
or olive oil which has been allowed to remain m 
contact for some little time with the organic 
tissues from which they have been derived, 
readily become rancid, and therefore unht for 
food in their original state This applies with 
especial force to cod liver oil 

The large demand made on the market by 
the rapidly growing consumption of oils and 
fats has, however, led to the emfiloyment of 
second aud even third ‘ renderings,’ in the case 
of animal fats, and second or third ‘ expres- 
sions ’ in the case of vegetable oils and fats 
Such products contain, as a rule, notable 
amounts of free fatty acids, and small quantities 
of extractive substances, all of which must be 
removed before the oils and fats become suitable 
for food purposes 'Plie piocesses applied to 
the purification and deeolourisation are treated 
as tleep secrets It may, however, bo stated 
that most of the processes arc based on physical 
methods of refining {bee Oils and fats) 

Chemicals involving the use of mineral acids 
must be altogether excluded from the purview 
of the refiner, since the mineral acids, however 
carefully they may bo removed by subsequent 
washing, impart an objectionable flavour to the 
products, thus lendering them useless for 
edible purposes Alkalis or alkaline earths are 
not so objectionable, and are, therefore, used 
commercially for the removal of fi eo fatty acids 
(A notable example of this kind is furnished by 
the usual method ot refining cotton-seed oil ) 
The alkalis and alkaline salts chiefly employed 
in practice are caustic soda, sodium carbonate, 
sodium silicate, ; lime, and ^’’magnesia Baryta 
has also been proposed (and patented), but its 
poisonous properties would prohibit itvS use. 

Whereas all animal oils and fats, when 
freshly piepared, are suitable for food, this holds 
good only in a somewhat restruted sense of 
vegetable oils and fats If the vegetable oils 
and fats are free from objectionable substances 
they may hold m solution or may have chssolved 
from the vegetable matter from which they have 
been obtained by expression or boiling out, 
they are suitable for edible purposes, and are 
so used to a very considerable extent. 

Wo know, however, a number of oils which 
contain non-fatty toxic or injurious subitances, 
such as tung oil, calophyllum oil, curcas oil, 
croton oil In the case of castor oil, the fatty 
acids themsf'lves are injurious to health ; hence 


castor oil is unusable as a foodstuff. Experience 
has also shown that the fats belongmg to the 
(lhaulmoogra group are injurious to health 
All these oils must, therefore, be excluded from 
the list of edible oils 

Oils which are regarded as palatable in one 
part of the world are not used as food in other 
parts Thus, whereas rape oil and linseed oil 
find a ready market for echble purposes in India, 
these oili are at present used m exceptional 
eases only as table oils in Western Europe. 
They are replaced in richer countries by cotton- 
seed oil, sesame oil, arachis od, poppy-seed oil, 
and olive oil The increased consumption of 
the available edible oils and fats has created, 
during the last decades, a new and growing 
industry. 

Amongst the most important developments 
in this industry is the preparation of coco-nut 
oil and palm-kernel oils for edible purposes 
{see Coc'd-NUT oil and Palm-keiinel oil). 
Mixtures ol several edible oils are now largely 
jirepared as ‘ table oils ’ to replace olive oil 
Amongst these substitutes the most important 
are arachis oil, sesame oil, cotton-seed oil, 
and to some extent also soya-bean oil. Mixtures 
of edible vegetable and animal oils a .d fats are 
chiefly represented by the ‘ suet substitutes,’ 
which are pre 2 )ared by mixing tallow with cotton- 
seed oil, and by ‘ lard substitutes,’ which 
leprcsent a mixture of animal fats with cotton- 
seed oil, maize oil, &e Until a few years ago, 

‘ compound lard ’ contained frequently no lard 
whatever, but, according to legislation in the 
United states, ‘ lard compounds ’ or ‘ lard 
substitutes ’ must now contain at least 50 p c. 
of lard {see Lard substitutes) 

Another development of the industry has 
been the intioduction of hardened or hydro- 
genated oils, whu h are now extensively used 
as constituents of margarine {see Hydro - 

OENATEI) oils) 

The manufacture and «alo of edible oils and 
fats has assumed such considerable importance 
that legislation has stepped in to protect the 
public against fraudulent practices both as 
regards the commercial description of a ‘ blended’ 
fat and the absence of injurious substances 
{see Margarine) 

The changes in the character of fats during 
cooking have been described by Masters and 
Smith (Analyst, 1914, 39, 347). J. L. 

EDINOL. Trade name for p-amino-saligenin 
hydrochloride Used as a photographic de- 
veloper 

EDULCORATION. The act of washing m- 
soluble matter so as to remove any soluble 
impurity. 

EFFLORESCENCE. This term is applied to 
two or three different phenomena, characterised 
by the formation of a loose pulverulent deposit 
on the suiface of a solid body 

1 Crystallised salts are said to effloresce 
when they lose their water of crystallisation and 
fall to powder, e g normal sodium carbonate 

2 The formation of a pulverulent crystalline 
deposit on the surface of a porous body, m con- 
sequence of the crystallisation of a salt existing 
in solution within its pores, or formed from 
materials existing therein, is also called efflo- 
r'^scence ; e.g. the crystallisation of potassium 
nitrate on the surface of the earth or in caves, as 
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m India, or on saltpetre plantations ; of sodium 
sulphate and carbonate on walls ; of alum on 
alum-slate ; of ferrous sulphate on iron pyrites, 
&c In all these cases the solution of tlie salt 
IS drawn by capillary action to the surface of the 
solid body, and there crystallises in consequence 
of the evaporation of the water 

3. The term ‘ efflorescence ’ is likewise applied 
to the effect which sometimes takes place when 
a salme solution is left to evaporate slowly in an 
open vessel The solid salt separates m den- 
dritic crystals just where the surface of the liquid 
touches the side of the vessel, and the solution, 
rising by capillarity between these crystals, forms 
a fresh crystallisation just above the liret layer ; 
and this process is continually repeated till the | 
crystallisation thus formed extends over the 
edge of the vessel, and sometimes down to the i 
table on which it stands. Sal-ammoniac and 
other ammonia salts often efffoiosce m this , 
manner M’he effect may be prevented to a I 
certain extent by greasmg the edge of the vessi^l, i 
or better, by quickly boiling the solution, or | 
evaporating it by heat from above I 

EGG. The egg of the common fowl. Callus ^ 
Barikiva^ consists of four principal parts the ' 
shell , the white , the yolk or vitellum , the white ' 
yolk or germinal cell , and the membranes 
sepal atmg these parts The usual weiglit of 
an egg is 40-00 grams , of this the shell and 
slicll mcmbicine form 5-8 grams , the yolk, 
12-18 grams ; and the white, 23-34 grams 
The shell has the composition 
Calcium carbonate . . 89 6 p e 

Phosphates of lime and magnesia 5 7 „ 
Organic matter and sulphur . 4 7 „ 

The colouring matter of egg-shells is a bile 
pigment (Licbeimami, Ber 11, bOO) 

The shell membrane or membrarut putamirns 
sepaiatmg the white from the shell is double, 
the two parts being in contact over the greater 
part of the innei surface of the shell, but 
separated by an an -space at the bioad end of 
the egg These membianes are composed of a 
protcid substance allied to kciatin (Liebermann) 
Abderhalden and Strauss have examined the 
products of hydiolysis of ovokeraiiv, and find 
them to be, from 100 grams of substance 

3 9 grams glycine , 3 5 grams alanine , 1 1 

giam amino- valeric acid , 7 4 grams leucine , 

4 0 grams proline , 8 1 grams glutamic acid , 
and 1 1 gram aspartic acid (Zeitsch physiol 
Chem. 1900, 48, 530) 

The white is a faintly yellow albuminous 
fluid enclosed in largo cells of thin membrane 
The fluid has sp gr. 1 045, and is really mobile, 
though it appeal's viscous because of its conhne- 
ment by the cell walls It has an alkaline 
reaction Kojo (Zeitseh physiol Chem 1911, 
75, 1) gives the following analysis : 

Water 87 71 pc 

Ash . . 0 4 „ 

Oi game solids . . 11*89 „ 

Total mtrogen . . . 1 75 „ 

Dextrose . . . 0 55 „ 

The organic solids consist mainly of proteins, 

\ small amount of dextrose, and traces of fats, 
ecithm, and cholesterol 8 alkowski showed 
;hat glucosamine was also present (Biocherr 
Seitsch. 191 1 , 32 . 336 ). I 


The protein substances of egg white are all 
gluco-proteids, and in their solution and pre- 
cipitation properties are similar to globulins, 
I albumins, or proteoses {v art Pkoteins) 

Ovoglobulin separates from egg white partly 
on dilution with water, and completely if the 
solution be saturated witli magnesium sulphate 
or ammonium sulphate By rexieated solution 
i in water and rcprecipitation, part becomes 
I insoluble (Langstem, IlofmcLster’s Bcitrage, 1), 
and it IS probably a mixture of several globulins 
(Conn and Beiaid, Bull Acad Belg [3j 15, 
643) The globulins foim about 6 7 jj c of the 
total proteicls of egg white (Dillnei, Hammar- 
stein’s Text- book Physiol Chem 430) 

Ovalbumin is the chief proteid constituent of 
egg-white It Ls obtamed crystalline by pre- 
cipitating the globulins with ammonium sul- 
phate, as above, and allowing the filtrate to 
evaporate (For details of methods, see Hof- 
meister, Zeitsch. physiol Chem 16, 187 , Osboino 
and Campbell, J Amei Chem kSoc 1900, 22, 
122 , Rosen krantz, J Russ Phys Chem Soe 
190(), 38, 2 , and Mayei, Compt. rend 1900, 
143, 515 ) 

Puie ovalbumin crystallises in large, well- 
formed needles A 2 5 p c. solution in water 
becomes turbid at (>0'^, and at 64° yields a 
floeculcnt coagulum The addition of sodium 
chloride to tlie solution laises the tcmperatiuo 
of coagulation (Osborne and Campbell, I c , 
ytarke, Pflugei’s Archiv 12, 18) 

The composition of ovalbumin is . 

0 J{ N S 1» 0 

52 75 7 10 15 51 1 02 0 12 22 90 p c 

(Osborne and Campbell, I c 441 , m agreement 
j with Hopkins, J Physiol 25, 30() , and Ham- 
I mamten, Zeitsch physiol Chem 9, 304) 

I Many attenqits liave boon made to assign a 
; formula to ovalbumin Latham (Bioehem J. 
i 1908, 3, 207 et seq) gives it a moleculai weight of 
' 5473, and the foimula 397 ^ 06 ^^ 76 '^ e 

I this must bo regarded as an appioximation 
only 

' It has been chaiac tensed by determining 
, the vaiious amino-acids yielded on hydrolysis 
; with hydrochloric acid of sp gi I 19 {v. art Pko- 
I TKiNs). 100 giams ovalbumin yield alanine, 

I 2 I grams , leucine, 20 0 grams , phenyl- 
alanine, 4 4 giams , tyrosine, 1 1 gram ; 

I cystine, 0 3 giam , prolme, 2 3 giams ; aspartic 
' add, 1 5 grams , and glutamic acid, 8 0 grams 
I (Abderhalden and Piegl, Zeitsch physiol Chem. 
190.5, 46, 24, Osborne, Jones, and Leaven- 
woith, Amer J Physiol 1909,24,252; Levene 
, and Beatty, Biochem Zeitsch 1907, 4, 305) 

I The spceilic rotation of pure albumin is 
I given as --31° (Willcock, J Physiol. 1908, 37, 

; 27), -30 70° (Hopkins, ibid 25, 306), and 
—29 31° (Osborne and Campbell, I c ) 

I The precipitation of albumin by acids and 
salts IS a completely reversible reaction (Galeotti, 
Zeitsch physiol (!hem 1905, 44, 461), and 
follows the law of mass action (Ostwald, (fliem 
80 c. Abstr 1908, 1 375 , Gerrini, Zeitseh 

physiol Chem 1906, 47, 287) 

Conalhumin Only about one-half of the 
roteid of egg white can be obtained as crystal - 
sed ovalbumin, the other fi actions have a 
higher rotation and sulphur content By 
heating these fractions at 65°, conaUmmin is 
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obtained as a coagulum, winch, when dried at 
1 10°, has the following composition : — 

C H N S 0 

62-25 6-99 16 11 1 70 22 95 p c. 

Its specific rotation is about —36° (Osborne 
and Campbell, I c. ; Fanormoff, Chem Zentr 
1898, 11, 487). 

Ovomucoid IS found in the residue after all 
iroteids coagulated by heat have been removed 
rom egg white (Ncumcister, Zeitsch Biol 1890, 
27, 369 , Morner, Zeitsch physiol C'hcm 1893, 
18, 525) It forms about 10 p c of the proteids 
of egg white It is not precipitated from solu- 
tion by mineral acids or organic acids (except 
phosphotungstic and tannic acids) or by metallic 
salts. 

The inorganic constituents of egg-white in 
1000 parts are : Potash, 276-285 parts , soda, 
235-239 parts , lime, 18-29 parts , magnesia, 
16-32 parts ; iron oxide, 4 4-5 5 jiarts , chlorine, 
238-205 parts , phosphoric acid, 32-48 paits , 
sulphuric acid, 13-26 parts ; silica, 3-20 parts , 
carbon dioxide, 97-116 parts (Polcck ancl 
Weber, Hamrnarsten’s Physiol Chem 1904, 
432). Traces of fluorine have also been founcl 
(Nickk^s, Compt rend 43, 885) 

The yolk or yellow is contained within a 
membrane composed of a proteid allied to 
keratin (Lieberniann, Pflugei’s Anhiv 43) it 
IS a viscous, opaque, yellow, alkaline emulsion 
having a mild taste, and consists cliiefly of 
water, fats, and colouring matter, together with 
vitellin, lecithin, cholesterol, &e Muller and 
Masuyaina (Zeitsch f Biol 1900, 39, 542) have 
found a diastatic enzyme in the yolk , the 
presence of purine bases lias been detected by 
Mcsernitzki (Hiochem Zentr 1, 739), and of 
creatinm by Salkowski {I c ). 

1000 parts of the yolk contain approxi- 
mately . water, 480 paits , fats, 228 4 paits , 
proteid (vitellin), 156 3 parts , lecithin, 107 2 
parts , cholesterol, 17 5 parts , insoluble salts, 
6*12 parts , soluble salts, 3 53 parts 

According to Polcck, the ash of yolk of eggs 
contains, in 1000 parts soda, 51 2-65 7 parts , 
potash, 80 5-89 3 parts , lime, 122 1-132 1 
parts , magnesia, 20 7-21 1 parts ; iron oxide, 
11 9-11 5 parts , phosphoric acid, 638 1-667 0 
parts , silicic acid, 5 5-14 0 parts 

The fat forms about 30 p c of the yolk, and 
may be extracted with ether It is a mixture 
of solid and liquid fat, and contains 0 6 p c 
jihosphorus, equivalent to 15 04 p c. lecithin , 
61 5 j> c of neutral fat , and 23 2 j) c free acids 
Tiie neutral fat contains glycerol and acid in 
such proportions as prove it to consist of 
triglycerides only (Thorpe, Arch Neder Sci 
Exact Nat 1901, 6, 1.55) On saponification 
it yields 40 p c oleic acid ; 38 04 p c palmitic 
acid; and 15 21 p.c stearic acid (Paladmo, 
Biochem Zeitsch 1909, 17, 356) 

Barbieri, by extracting yolks with carbon 
disulphide, obtained tristearm and triolein 
(Compt rend 1907, 145, 133), besides choles- 
terol ; while MacLean has isolated pure tnpal- 
mitin from egg-fat (Biochem. J 1909, 4, 168).^ 
Lecithin (v Lecithin) is present both free 
and m combination with protein (Manasse, 
Biochem Zeitsch. 1906, 1, 246) Commercial 
lecithins are usually prepared from eggs, a’ d 
show a hig^ cholme content. Tner identified 


i8-aminoethyl alcohol in egg lecithin, isolating 
it as its gold chlonde compound (Zeitsch physiol. 
Chem. 76, 496) Lecithin is best prepared from 
dried egg yolks by Bergell’s method (Ber. 1900, 
2584) The extract prepared by boilmg with 
96 p.c alcohol for 6 hours, is cooled to 0° and 
precipitated with an alcoholic solution of 
cadmium chloride The precipitate is filtered 
off, washed with 96 p c alcohol, dried m air, 
ahd extracted with ether The residue is 
boiled with eight times its volume of 80 p.c. 
alcohol, and a concentrated solution of ammo- 
nium (arbonato is added until the solution is 
free from cadmium The filtered solution is 
cooled to —10°, and the precipitate is dissolved 
in chlorofoim, jjrccipitatcd with acetone, and 
dried in vacuo over sulphuric acid. 

After hydrogenation of egg lecithin, Paal 
and Ochme isolated stearic and palmitic acids, 
and suggest that Imolic and palmitic acids are 
originally present (Ber. 1913, 1297) 

Baibicri (Gazz chim ital 1917, [1] 1) stands 
alone among a host of investigators in his 
failure to isolate lecithin fiom egg yolk He 
affirms that the phosphorus of egg yolk is 
present as moiganic phosphates, that the 
clioline exists only as a degradation product of 
ovochrornin, and tliat glycerol and fatty acids 
exist as constituents of lat, and not combined 
as lecithin 

Cholesterol is present m the yolk to the 
extent of about 1 p c (Juckenack, Zeitsch. 
Nahr Genussm 1899, 1905; Benecke, Bicd 
Zentr 1881, 568) According to Scrano and 
Palozzi (Chem Zentr 1911, ii 772), it occurs as 
its oleic and palmitic esters 

Lutein, the colouring matter, was desenbed 
by Maly (Chem Zenti 1881, 485) as a mixture 
or two substances : vitello-lutein, which is 
yellow and soluble in petroleum , and vitello- 
rubrui, a red body soluolc in caibon disulphide. 
The mixture is an orange-ied amoiphous sub- 
stance, which is not affected by alkalis, and can 
therefore be isolated by hydrolysing the fats. 
C A. Schunk (Proc Koy feJoc. 1904, 170), as 
the result of spectroscopic examination, identi- 
fied the yellow pigment of the hen’s yolk with 
the L xanthophyll, which ho has isolated from 
grass The characteristic spectroscopic be- 
haviour of the lutein has been suggested as a 
test of the purity of commercial dried egg yolk 
(Lewin, Miethe, and Stenger, Pfluger’s Archiv 
1908, 585) Willbtatter and Escher (Zeitsch 
physiol Chem 76, 214) isolated the pigment from 
the yolks of 6000 eggs, and obtained it m 
crystalline form, and Mi owed it belonged to the 
xanthophyll group of pigments ; they showed 
also that a carotm-like pigment was present 
Palmer (J Biol Chem 23, 261) showed that the 
pigments of egg yolk were increased by feeding 
with rations rich in xanthophyll, yellow com 
being particularly suitable for this purpose as a 
winter ration The point is of importance to 
the poultry trade, since eggs with highly-coloured 
yolks are in great request. 

Vitellin, the protein constituent of the yolk, 
IS separated by mixmg the yolks with brme, m 
which the protein is soluble, and extracting the 
fat, &c , with ether. It has the properties of a 
globulin, and, on dialysis or dilution of the 
solution, IS precipitated as a white granular 
substance. A solution coagulates at 70°-75°. 
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Vitellin thus obtained is a mixture of com- 
pounds of protein matter with lecithin, contain- 
mg from 16-30 p.o of the latter, called leoithin- 
micleovtteUins. The lecithin thus combined is 
not removed by ether, but is completely removed 
b^ alcohol, leaving an insoluble proteid, nucleo- 
vtteUiiiy of constant composition, which, on 
digesting with pepsin, yields paranuclein. 

It is probable that all these proteins are 
compounds of vitellm with phosphoric acid 
H3PO4, or some very simple organo-phosphoric 
acid. The composition of vitellm, free from 
phosphonc acid, is : 

C H N S 0 

62 71 7*46 1()()4 1 05 22 14 pc 

(Osborne and Campbell, J Amer Chem Soc 
1900, 22, 413) 

Plimmer states that another distinc t protein 
‘ liveti7iy can be obtained from the yolk (Chem 
Soc Trans 1908, 1500) 

Berthelot and Andre determined the heat of 
combustion of cgu yolk to be 8124 calories per 
gram ((^ompt rend 110, 925) 

The germinal vesicle, or white yolk, forms a 
layer bctw^'cn the yolk and the yolk membrane, 
with a process extending to t he centre of the 
yolk It is enclosed in a membrane, and con- 
tains proteins, lecithin, and a nuclein rich in 
phosphoius (M CISC her Chem Soc Trans 1871, 
24, 740) 

The space between the shell membranes at 
the broad end of tlic egg contains a mixture of 
oxygen, nitrogen, and carbon dioxide, richci 
in oxygen than the surrounding air (Hufner, 
Du Bois Reyniond’s Archiv do Physiol 1892, 
Phys Abth 54) 

Eggs contain, on the average, about 4*0 
mgms of ferric oxide This amount is in- 
creased by feeding the hens with foods iich in 
iron, and ‘ iron-eqgs ’ thus obtained have been 
recommended for therapeutic use, but are very 
costly (Hartung, Zeit&ch f Biol 1902, 43, 195 , 
Hofmann, Zeitsch, anal Chem 1901, 40, 450) 

Bertrand states that arsenic is normally 
present in the egg to the extent of mgm 
(Compt rend. 1903, 130, 1083), and that 1 mgm 
boron occurs in 1 kgm dried egg ((^ompt rend 
1913, 150, 2027) 

Devdoprthent — During incubation the egg 
respires, giving off carbon dioxide and water, and 
absorbing oxygen If this process be stopped 
by placing the egg m an inei t gas, or by rendering 
the shell impervious to gases, the development 
of the chick ceases The respiration is slight 
for the first foui days of incubation, and then 
increases until, at the ninth day, the respiration 
of the egg IS equal to that of a fowl, weight for 
weight. This respiration involves combustion 
of the fat of the egg, and a steady loss in weight 
(Pott, Landw Versuchs Stat 23, 203 , Chem 
Soc Abatr. 1879, 474) 

Levene states that the quantity of xanthine 
bases and nuclein compounds increases with the 
growth of the embryo (Amer J Physiol 1900, 
3, xii ) 

In egg-white the ratio albumin : ovomucoid 
of egg IS constant during incubation (By waters 
and Roue, J. Phvsiol 4(3, Proc 33) After 3 
days a-lactic acid was found (Anno, Zeitsch. 
physiol. Chem. 80, 237) In new-laid eggs t^ e 
cholesterol free, but gradual esterification 
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takes place, until at the time of hatching 40 p c. 
IS in ester form (J. Biol Chem 21, 23) 

All the phosphorus in the chick is derived 
from the yolk and white, and, until the last few 
days of incubation, no lime is taken from the 
shell (Voit, Zeitsch f Biol 13, 518, Pott, Ic ) 
At the end of incubation, the shell may supply 
some of the lime required (Carpiaux, Bull Acad 
Roy Belg 1908, 283 , see also Plimmer and 
Scott, J Physiol 1909, 38, 247) 

The freezing-point of fresh eggs is 0 427°- 
0 480°, and rises slightly as incubation pioceeds, 
corresponding to a rise of osmotic pressure from 
6 5 atmospheres to 7 3 atmospheres (Atkms, 
Bioehcm J 1909, 480) 

The chief of eggb are as an article of food 
and in the tanning industry As the supply of 
new-laid eggs varies with the season, recourse 
IS had to some means of preserving a proportion 
of those that come into the market at the time 
of greatest production 

The following is a list of some processes for 
preserving whole eggs, which have been patented 
iSaturatmg with caibon dioxide (Lake, Eng 
Pat l(i53, 1888), treating with foimaldehyde 
vapour (Loft, Eng Pat 19721, 1915, (^orcien, 
Eng Pat 15206, 1914) , wrapping air-tight in 
rubber-coated payier (Jessen, Eng Pat 15580, 
1891) , eoating with gelatin (Mills, Eng Pat 
17717, 1891 ; Earquhar and North, Lng Pat 
15128,1892, Coakley, Eng Pat 18816, 1899), 
with gelatinous starch solution (Schultz, Eng 
Pat 1328, 1902) ; with drying oils, wax, 01 
varnish, with or without previous treatment 
with antiseptics (Stukes, U S Pat 649899 , 
Barlow, Eng Pat 11054,1902, Lome, Eng Pat 
18439, 1901, and 9898, 1901 ; Davis and Metz, 
Eng Pat 105840, 1916) , with boric acid 
(Markham, Eng Pat 3513, 1895) , with lime 
(McArdle, Eng Pat 3592, 1892; Wilson and 
Wilson. Eng Pat 15461,1899), withsulphunc 
acid (Reinhardt, Eng Ptft 18130,1898; Marks, 
Eng Pat 12867, 1903) , with liquid petroleum 
(Henderson, Eng Pat 101337,1916), and with 
water-glass (Stead, Eng Pat. 4910, 1882 , 

Ry lander, Eng Pat 23523, 1901) 

The following methods (J Soc Arts 1898, 
46, 390 , J Soc Chem Ind 1898, 261) were 
found to keep over 90 p e of the eggs m good 
condition for 8 months . (1) varnishing with 
vaselme , (2) keeping in milk of lime , and (3) 
keeping in water-glass solution Of these the 
last method is the one least open to objection, 
and IS that chiefly used Eggs preserved in 
water-glass have a tendency to burst when 
boiled, but this can be prevented by piercing 
the shell with a needle. 

A Chinese preparation, ‘ Pidan,’ is made 
from duck’s eggs by coating them with a paste 
obtained by stirring into an infusion of IJ lbs. 
strong black tea, 9 lbs lime, 4J lbs salt, and a 
bushel of wood ashes After 5 months they are 
coated further with rice hulls The changes 
which take place wei*e investigated by Blunt 
and Wang (J Biol. Chem 28, 126), who deduced 
that decomposition of both the egg proteins and 
lipms had taken place. The values for ash, for 
total and orgamc phosphorus and espeeially for 
ammoi_iacal mtrogen, are high 

The contents of eggs may bo preserved by 
b'^atmg at 186°F with a strong solution of a 
sugar fglucose, maltaso, dextrose, &c ), until 
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the product contains 40-00 p.c of sugar It is 
readily miscible with water, milk, &c , and will 
keep for some months without deterioration 
(Fordred, Eng Pat. 15702, 1894, Goodlett, 
US Pat 092208) 

An important method of picservmg the 
whites and yolks of eggs consists in drying the 
mixtuie m a current of air at 37°-40‘^ during 
18 hours, powdering the product, and again 
exposing to dry an. The powder is packed in 
tins, or can be pressed into tablets, and is quite 
soluble in watei (Foschi, Fi Pat 309907, 1900) 

A similar product is obtained by drying on a hot 
roller at a temperatuie above 2i2“F. (llatmaker, 
Eng Pat 28, 1905 , 6cc aho Eng Pat 8743, 
1903, for apparatus) 

vSubstitute.s for eggs m baking arc made from 
albumin and casein obtained from skimmed 
milk, sometimes mixed with a pio]>oition of 
dried egg , or fiom mai/e meal containing 
sodium buaibonatc and artilicial colouring 
matter (Beythien and Waters, Zeitsch Nahi 
Genussm 1900, 11, 272, Bernstein, Eng Pat 
14330 and 29189 of 1897) An emulsion of sun- 
flower or other oil with blood serum and lecithin 
has been suggested (Eng Pal 100135,1915) 

The eggs used for the treatment of leather, 
especially the liner sorts of glove leather, aio 
preserved in the liquid state by the addition of 
salt and borax (Jean, Mon 8ci 1892, (>, 501) 
Analyses of this matciial, ‘ cygio,' show that 
it contains 2~6 pc more water and 3J-() pc 
less fatty acid than ficsh egg yolk (Boyer, J 
Hoc. Chem Ind 1892, 447) Bern has pointed 
out that the addition of salt to yolks materially 
reduces the amount of fat (Bied Zentr 21, 138) 
Rotten eggs could well bo used for this pin- 
pose, as (’eeh has found that the available ml 
IS not much dimiiiLshed in amount, and can 
bo extiaeted by piossure (J pi Chem |2j 
22, 338) 

Oil of fgg^ obtained by exti acting yolks with 
ether, or, better, chloroform, forms about 10 p c 
of the egg, and is used in phaimacy in the 
pieparatiun of ointments and emulsions , in the 
leather nidustiy and in tempoia jiamting (Lupus, 
1). R P 187211) Jt lias no medicinal value 
(Paladino and Toso, Analyst, 1890, 21, Ibl) 
it has the following properties m p 22'^-22 5" , 
spgr. at 15^ 0 9144, acid numbci, 12, 
saponification number, 190 2 ; ether number, 
189 0 , iodine number, 72 1 ; liehner’s number, 
95 10 , Rcjcheit-Meissl number, 0 4 (Kitt, 
Chem Zeit 1897, 21, 303). 

Deiectioiij cMimation, and analijbifi — The 
piesenco or absence of egg yolk in pastiy can 
be determined by examination of the fat, there 
being a great chflorcncc m composition and 
properties between the fat of wheat and of the 
egg (Spaeth, Zeitsch Nahr Genussm 189(), 10, 
171) The phosphorus of the yolk being picsent 
chiefly as lecithm, the yolk may be estimated 
by Igniting with sodium carbonate and nitre, 
determining the phosphoric acid in the residue 
1*129 giams phosphoiic acid lepresent 100 grams 
yolk (Bern, Ber 23, 423) I’lic addition of 
alkali 18 necessary to prevent loss of phosphoric 
acid during ignition (Juckenack, lx ) The 
amount of egg piesent in pastry, &c , piay be 
detemimed by the amount of cholesterol present 
(Cappenberg, ('hem Zcit 1909, 33, 985) (For 
methods for the determination of the con- 


stituents of egg yolk for commercial purposes, 
666 J Hoc Chem Ind 1900, 829 ) 

EGG ALBUMIN V Pkotkins g 

EGG FRUIT. The fruit of Solanuyn melongena 
(Linn ) A plant of tiopical and sub- tropical 
countries Konig gives, os the mean of Uiree 
analyses — 

Nitiogeiious Si 4 able carbo- 

W.Atei mattei Fat hydrates Fibre Ash 
93 2 1 1 0 1 3 9 1 2 0 6 

An American analysis (Bull 28, U S Dept 
of Agric ) shows a somewhat larger amount of 
carbohydrates (5 1 pc), but is similar in other 
respects 

This plant IS sometimes called Aubergine, 
The fruit is used in much the same way as the 
tomato H I. 

EGOLS. A class of antisejitics consisting of 
the potassium mercury salts of o-rntrophenol- 
sul})honit acid, the individual members being 
teiined ‘ phenegol,’ ‘ ciescgol,’ &c , depending 
on the phenol fiom winch they are derived 
They are i eddish -brown powders, readily 
soluble in watei, and arc* strongly bactericidal 
((Jautivlet, Compt rend 129, [2] 113, J Hoc 
Chem Ind 1890, 854) {v Hynthftic okuos) 

EGYPTIAN BLUE. O'his is a blue colouring 
mattci whu h was used by the Romans in the first 
few ccntunc's of the C'hiistian eia, but ceased to 
be manufactured about tlic time of the invasion 
of the barbarians It bgurcs in several beautiful 
frescoes in the Vatican, and has also been found 
at Pompeii Fouc|Uc‘ discovered the composi- 
tion to be that of a double silicate of calcium 
and copper (Ja(),Cu(),4Hi02, devoid even of traces 
of alkali The substance is crystalline, and is 
haicily attacked by any chemical reagents, which 
explains the perfect state of its prcseivation m 
the paintings fur which it was employed 1900 
years ago. It may be prepared at a bnght-red 
heat, blit this tempeiatuie must not be exceeded, 
as it IS ihen decomposed into cuprous oxide, 
wolhifyianile, and a clear light-grecn glass The 
higher the tempeiatuie*, the more of the latter 
is formed, and, tinally, wollastomte disappears 
eritiic4y By the olcl method of preparation, 
dc'snibed by Vitiuvius, line sand and soda aio 
intimately imxc*d with copper lilmgs, then 
moistened with watei, foimed into cakes, and 
the latter dried The cake^ are then fused in an 
earthen pot until the blue colour is produced 
Fouque found this method practicable, but used 
potassium sulphate in nreference to soda as a 
flux It was not possible to replace chalk or 
lime by inagne-sia The ancient Romans em- 
ployed a large excess of silica, whilst Fouqu6 
employed more basic mixtures, finally purifying 
the pioduct with hydrochloric acid The 
exquisite colour of this mineral body, the fact 
that it is absolutely unaffected by moisture, 
light, and most chemical reagents, as well as 
the facility and the low pnee of production, 
render it desirable that its manufacture should 
bo again resumed (F Fouque, Compt rend 108, 
325-327 ; and J Hoc Chem Ind 8, 291) 
The conditions of its production have been 
studied by Laurie, McLintock, and Milos (Proc. 
Roy Hoc 1914, A, 89, 418) The French 
ultramarine works of Deschamps Fr^res re- 
p»*oduced Egyptian blue by fusmg in an ultra- 
marine furnace a mixture of quartz (50 parts), 
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chalk (21 parts), coppei oxide (24 4 parts), and 
sodium carbonate (4 b parts), all in the finest 
powder, and completely free from iron. The 
product, washed with hydrochloric acid and 
hot water, had the composition corresponding 
to Fouque’s analysis, and was in all re8j)ects 
similar to the material used by the Romans 
(Bock, Zeitsch angew Chem 1916, 29, i 228) 
EIKONOGEN. Sodium salt of 1-amino- 
^-naphthol-6-sulphomc acid Used as a photo- 
graphic developer 

EKSANTALAL Cj^K^gO Obtained on oxi- 
dation by ozone of the sesquiterpene primary 
alcohol a-santalol C‘]5H 240, wliidi, together with 
the isomeric /3-santalol, constitutes ‘ santalol,’ 
the oil resulting from the hydrolysis of the 
hydrogen phthalate made from the oil obtained 
by distilling sandalwood with steam (Semmler, 
Ber 43, 1893) 

It IS dextro-rotatory (ajj-f-13 5^) , b p 100'- 
110°, under 10 mm ; sp gr 0 9846 at 20720, 
1 48519. 

It gives an oxime, which yields the corre- 
sponding nitrile .ind amine, and gives cksantalol 
on reduction (iScmmler, Ber 41, 1488) 

Heated with acetic anhydride and sodium 
acetate, it torms c?io/-eksantalal acetate 


CiaH^OCOCHg 

which, on oxidation with potassium perman- 
ganate, yields noreksantalic acid t'nHigO, 
(8einmler, Bci 43, 1722-1725), the methyl ester 
of which, on red in tion by sodium and alcohol, 
yields noreksantalol CJulfjgO , and this on 
oxidation in benzene solution with potassium 
dichromato and dilute sulphuric acid, gives 
norelcpanlalal bp 92°-94711 nim , 

spgr 20720° 0 9964, 1 48301, -30 8" 

The ewoZ-noreksantalal a( etatc gives, on oxida- 
tion by potassium peimanganate, Uiresanialit 
and (Semmlci and Zaai, Bei 43, 

1890). 

In all thiee serie's, containing 10, 11, and 12 
carbon atoms respectively, the same tiicychc 
system IS present as exists in a -santalol , and 
{Sommlcr (Ber 43, 1893-1898) assigns to these 
bodies constitutions based upon tlu' tarnphene 
or camphor type, and a santalol and cksantalal 
aie structurally leprcscnted as below 
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EKTOGEN. Tiade name for a mixtuie of 
zinc dioxide with zinc oxide and carbonate, used 
as a surgical dressing. 

EL^OMARGARIC ACID An 

acid, meltmg at 48°, obtained by the saponificr 
tion of elaococoa oil (Japanese wood oil) with 


alcoholic potash, and decomjiosing the Induo- 
vmigann thus formed Q’lie glyceride when first 
formed is hquid, but on exposure to light 
gradually solidifies Isomeric with claostearic 
acid, elaoleic acid, and linoleic acid On expos- 
ing an alcoholic solution to light, plates of tuao- 
stearic acid, m.p 71°, aie precipitated (('loez. 
Bull Soc chim 1876, 26, 286 ; 1877, 28, 24) ; 
traces of iodine or sulphur also bring about this 
change (Maqiienne, Compt rend 135, 69(5) Oxi- 
dation with potassium peinitingaiiate gives use 
to a/elaic acid, sativic acid, and dih^dioxy- 
steaiic acid (Kametaka, J Soc Chem Ind 1903, 
1138, 1908,1120, Kit, ('hern Soc Abstr 1905, 
1 10 , Maquenne, / c ) Linolie acid also on 

oxidation yields sativic acid, and on bromina- 
tion, linolic acid and elaomargaiic acid yield 
the same tetrabiomide KLiosteanc acid and 
linoleic acid yield the sami' dio/omde (ISlajima, 
Ber 1900, 674) Elaomargaiic acid and elao- 
steanc acid aie converted into elaoleic acid when 
heated at 180° m sealed tubes (C'loe/, J 1878, 38) 
EL-ffiOPTENE. The volatile poition of an 
essential oil, used in contiadisliiution to the 
Hiemo'picne 01 solid jaiition 

ELAIDIC ACID C|j^li ,402 A solid steieo- 
isomciic niodilu ation of oleic acid, obtained by 
the a( tion of nitious acid upon olive oil, saponify- 
ing the glyceiide (elaidin) so foimed, and decom- 
posing the salt by h3,drochloiic or suljihiiric acid 
May also be obtained by the action of nitrous 
acid or of iiiti ic acid (sp gr 1 2) (Eclmed, (lumi 
Soc Froc 1899, 190) upon oleic acid, 01 by 
decomposing banum oleate with fuming nitiic 
acid, mp 52° (Sayt/etf, Chem Soc Ahst 1893, 
551) , b ]i 287 5°-288° at 100 mm (Kiatlt ancl 
Mordlingei, Bei 1889, 819) Soluble in alcohol 
and ether Solutions ha\e an acid reaction. 
The melted acid grcidually absoibs ox^^gem fiom 
the air, and becomes pc imaiicntly liquid It 
may he distilled unchanged undci climmisht'd 
piessiiie Deated with potassium h^ydroxide, it 
IS converted into acetate and palmitate of 
potassium with evolution of h^dr()gen 

Elaidic acid dissolved in b(*n/(‘ne, toluene, 
Iigioin, 01 chloiofoim, ancl mixed with caustic 
soda .uicl sh.iken, givc'S a brilliant phosphoi- 
escence (Rad/iszewski, Annaleii, 203, 305) 

llydnodic acid forms an additum compound 
(lodostc'aric acid) with c*Jaidic acid (Farb vorm 
Fried Bayer & Co D R P 180087 , Chem Soc 
Absti 1907, 1 380), whi( h, on treatment with 
alcoholic potash, yields oleic and ?so-oleic acids 
(Lebc'defl, ibid 1893, 550) On reduction with 
nickel or copper and hydrogen at 280°-300°, 
elaidic acid is converted into stearic acid 
(Sabatier and Mailhe. Ann Cliirn Pliys [8J 4, 
319) Treated with dilute solution of ])otassium 
permanganate in presence of potasli, it is con- 
veitcd into a dihydroxy acid, which differs from 
the corrcvsponding compound obtainc'd from 
oleic acid by its lower melting-point (99 5°), 
and its greater solubility in alcohol and ether, 
and also into pelargonic, azelaic, and oxalic acids 
(Saytzeff, Ber 1886, 21 , Edmcd, Chem. Soc. 
Trans 1898, 627) , oxidation with sulphuric 
acid, however, gives rise to the same dihydioxy- 
stearic acid as is obtained from olcic acid under 
the sanre conditions (I’scheibakoff and Saytzelf, 
J pr Chem , 1898, 27). 

Ehiidiny a solid isomendo of olem, is ob- 
tained by the action of nitrous acid upon olein, 
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and 18 probably a triglyceride €5711,040^ It 
melts at 30° ; is nearly insoluble 111 alcohol, 
rea/dily soluble in etliei The Ungumtum 
oxygenatum and U citrirturn of the pharmaco- 

f iuiias, prepared by the action of nitnc acid ui^on 
log’s lard, contain impure elaidin. 

ELAIDIN V Elaidic a no 
ELALDEHYDE v Aldehyde. 

ELARSON. 'IVade name for strontium 
chloroarsenobf'henolate 

ELATERIN V Elaterhim 
ELATERITE. Ehishc hitmnen. Mineral 
cuoulcJu)uc A fossil resin, somewhat resem- 
bling asphalt, found at (’astleton in Derbyshire, 
in Franco, Switzerland, &c ft is a soft, llexible, 
elastic, and leadily mnainmable substance, with 
a resinous lustre and a dark-biown colour It 
18 mainly used as an insulator for electru; cables 
It 18 rapidly drcomjioscd by strong nitric acid 
When boiled with alcohol and alcoholic potassium 
hydroxide it behavi's like beeswax One sample 
gave an acid value of 4 9, and saponihcation 
value of Tib 9, and contained 88 9 p c of un- 
saponifiable mattei . 

ELATERIUM. The sediment from the jiiico 
of the fruit of the PJchallium tiatenmn (Richard), 
or sc[uirting caic umber Elatciium is a drastic 
purgative 

It, and elaterin derived fiom it, weie excluded 
fiom the B I* in 1914 The latter substance is 
still oflicicd in the United States {Ehtenmm, 
U S R ) Good spec imens of elateniim when 
extracted with chloiofoim yield 25 pc of 
elaterin, which by lecrystallisation is obtained 
in minute shining six-sided plates The dose 
of elaterin is 4^, to ^<5 of a gram, and to it is 
ascribed the whole of the physiological activity 
of elaterium Elatcrm is a ncutial bitter com- 
pound, insoluble in hot or cold water It is 
leadily soluble m cold alcohcjl, sparingly in 
ether If sulphuric acid be added to a solution 
of elaterin in melted ])henol, a crimson colour is 
jiroduccd which changes to seal let (Lindo, Chem 
News, 37, 35 , Johannson, Zeitsch anal Uhem 
24, 154) 

On hydrolysis with alcoholic jiotash, elaterin 
furnishes acetic acid and an amorphous com- 
pound, daletidin Fiiithcr action of alkali gives 
chit eric acid, also amorphous, and melting at 
73°-75° (Berg, Bull ISoc chim [in ] 35, 435) 
Elatenum of EnglLsh origin, examined by 
Power and Moore (Pharm J. [iv ] 29, 501), was 
found to contain 5 3 p c of moisture and 0 7 p c 
of ash. By a suitable method of extraction, a 
colourless crystalline pioduct, m p 217°-220°, 
was obtained, corresponding with the elaterin 
of the pharmacope ias This was found to be 
non-homogeneous, consLstmg of at least two 
substances, one, a-clatcrm, melting at 230° with 
decomposition, and la^vo -rotatory, whilst the 
other, fi-eJalerin, has a lower melting-point, and 
IS dextro-rotatory Both have the same empirical 
composition, but the former is physiologically 
inert, whilst the latter shows marked physio- 
logical activity. Examination of commercial 
elatenn showed that it consists mainly of varying 
proportions of these two substances, which 
probably accounts for the marked difference m 
medicinal value of different samples a-Elatenn 
has also been found in colocynth, the dried 
fruit of Citmllm colocipiOns (Schraeder) (Pow.'r 
and Moore, Uhem. Soc. Trans 97, 99), and has 
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been further investigated by Moore (ihtd. 97, 
1797). 

Accordmg to Berg (Bull. Soc. chim fui ] 17, 
85 ; fiv ] 7, 386), elaterin does not exist ready- 
formed in the fruit, but is produced after the 
rupture of the tissues by the action of an enzyme 
elatera^e on a glucoside present The latter 
consists of a brittle, amorphous powder, and 
gives the same leactions as elaterin with sulphunc 
acid and phenol Power and Moore ((’hem Soc 
Trans 96, 1985), however, on examination of 
the fresh fiuit, failed to confirm this 

G B 

ELBON. Trade name for cinnamoyl-p- 
hydioxyphenylurea. 

ELDERBERRY. The fruit of Sambucm 
nigra (Linn ) I’he only analysis quoted by 
Konig gives, as the composition of the fruit — 

Water C'nulc fibre Pentosans 

819 OG 12 

The benies are used for the pieparation of a 
wme and of ‘ elderberry syrup,’ an old-Lishioned 
cordial From the wine, a biandy is sometimes 
distilled, which according to analyses by Arnthor 
and Zink, quoted by Koiug, contains 39 2 pc 
of alcohol (by weight) and has a ‘-p gr of 0 836 
According to de Sanctis (Gaz/ chim ital 
1895, 25, 49), eldci leaves and stems (’ontain 
coiune Malmejac (J J^harm Uhim 1901, 14, 
17) attiibutes the dim otic and purgative action 
of the bark of the elder to an alkaloid, hcmhacine, 
a delicjiiesrent bitter substance, yielding the 
usual alkaloid reactions He also found eldci 
bark to contain tannin, a resin resembling 
scammony and a yellowish-ied oil possessing a 
strong odour of elder Elder pith contains 
both xylan and araban (Browne and Tollens, 
Bcr 1902, 35, 1457) The oil extractable from 
the juice of led eldei berries (/S’ mcemosa) by 
ethci, IS light yellow in colour, has a sp gr of 
0 9072, sohdihes at —8°, and melts at 0° , 
contains G G5 p c of free acid (as oleic acid), 
0 GG p c of unsaponifiable matter, has a saponifi- 
cation number 209 3, iodine number 81 4, and 
Reichert'Meissl value of 1 54 (Byers and 
Hopkins, J Amer (-hem Hoc 1902, 24, 771) 

The leaves of the eldei contain a cyanogenetic 
glucoside, which, under the influence of cmulsin, 
yields dextrose, benzaldehyde, and hydiogen 
cyanide ; the yield of the last mentioned amounts 
to 0 126 gram per kilogram of fresh leaves 
(Guignard, Uompt rend 1905, 141, 16; Bour- 
quelot and Danjou, ihid 59) This glucoside, 
which has been named samhumgrm C14H47O8N, 
crystallises from ethyl acetate m long, colourless 
needles, melting at 151°- 152°, is readily soluble 
in water or alcohol, but nearly insoluble in 
ether (Bourquelot and Danjou, Compt rend. 
1905, 141, 698) 

Accorchng to Ravenna and Tonegutti (Chem 
Zentr 1910, 1 544) the en/yme which decom- 
poses the glucoside in the plant is not soluble 
in water The hydrocyanic acid is present in 
larger quantities than has hitherto been believed, 
and IS most abundant in the stalks H I. 

ELECTRARGOL. Trade name for a form 
of colloidal silver. 

ELECTRIRIDOL. Colloidal indium. 

ELECTRO-DEPOSITION and ELECTRO- 
ILATING. Electrolytic |yrocesses are now used 
to a considerable extent in the precipitation 
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of metals m a reguline form, available for many 
commercial purposes Thus the common and 
more easily corroded metals are coated with 
thin films of electro-deposited metal of a more 
permanent and loss oxidisable character, m 
the process of electroplating ; for the repro- 
duction of engraved surfaces, type, &c , m 
electro-deposited copper, electrolysis ls applied 
m electrotyping , and m the deposition of a pure 
metal from an impure form or a mixture of 
metals, the principles of electrolysis arc aiiphed 
in the jirocess oi electrolytic rclimng and in 
chemical analysis 

An electric current passed through solutions 
of metallic salts brings about decomposition of 
a particular type, accompanied by the deposition 
or evolution of the products, or others which 
may have been formed as the result of secondary 
changes When copptu sulphate solution is 
electrolysed with a platinum anode, and any 
cathode, not ordinarily attacked by this salt, 
copper IS deposited at the cathode, and oxygen 
and sulphuiic acid arc foimcd at the aiiode, 
thus 

Cu CUSO4 ^ S04-i-H,0 = H2S04-f0 

Deposited on Foimed at 

cathode anode 

Other metallic compounds follow a similar 
course The primary products consist of 
charged atoms or ladioals These arc termed 
lons^ and in the ])iocess of electrolysis migrate 
to the electrod(‘s, those to the anode being called 
the amorus^ and those to the cathode cafluon^ 
Anions consist of the acidic gioup of the salt, 
while the catluons comprise hydrogen, the 
metals, and basic radicals At the clc(‘trodos, 
the electrical charges aio neutralised, and the 
substance appeal’s in the nascent form, subse- 
quently being deposited or evolved Elementary 
anions, such as chloiirie, biominc, and iodine 
may enter into subsequent secondary changes, 
while othei’s, such as NOj, fS()4, C\H30>, &c , 
react with water, giving gencially the coiri‘spond- 
ing acid, and liberating oxygen With soluble 
anodes — those attacked by the anion— solution 
of the metal takes place, and thus, in a copper 
solution, a copper anode supplies metal under 
the best conditions as rapidly as metal is de- 
posited The strength of the solution is thus 
maintained, a condition necessary for continuous 
deposition as required for plating and refining 
purposes 

The deposition of metals follows the usual 
law of chemical equivalents as enunciated by 
Faraday in 1835 The ampere-hour is thus 
associated with a definite amount of metal, 
which cannot be exceeded, but may not be 
attained owing to failure in realising the best 
conditions The quantities of metals deposited 
by the coulomb, ampere-hour, and 746 ampere- 
hours, are shown in the table on next column 

These amounts, however, can only be de- 
posited when the cathode is surrounded by a 
considerable amount of strong electrolyte, and 
only under this condition can the facts or clcctro- 
Ivsis be applied, as in the voltameter, to the 
determination of the number of coulombs passing 
through a circuit While for most industrial 
purposes it IS not necessary for the theoretical 
amount of metal to ? e deposited per ampere- 
hour, yet the most satisfactory deposits are, 
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m many cases, obtained when this condition is 
most nearly attained Failing the full amount 
of metal pi‘i arnpcrc-hour, hydrogen is deposited, 
and this often leads to a dark powdery diqiosit 
unsuitable for most industnal ])iii poses Such 
deposits, caused usually by excessive ( uiicnt, arc 
said to be ‘burnt’ Jii some solutions — for 
example, those of cojipei, iron, or nickel suljihate 
— this inferior dc^posit seems to lesult fium th(' 
simiilDineously deposited hydiogmi due to a 
weak electiolyte In othc'r examples, that of 
the alkaline or cyanide eoppei bath, it would 
seem (from the fact that much hydrogen may 
be deposited without ‘ huining ’) more probably 
due to the deposition of traces of basic com- 
pounds with the metal (Ihincroft, 'Fians Amcr 
Flccti()ch(‘m Soc vi [11 ] 27) This view is 
supported by the fact that th(' piesenco of 
suDstaiices in the solution, winch are good 
solvents for such ha‘-’ic compounds, prevents 
‘ burning ’ to a considerable extent Thus, in 
the alkaline copjxu-bath, ‘ hiirniiig ’ is reduced, 
and the quality of the deposit impiovcd by the 
addition of sucli salts as sodium uLsulphite and 
potassium oyamdc In other exam files, notably 
those of tin and lead, the dejiosit is much 
improved by the addition of a trai e of a colloid, 
such as glue or gclatiiu’ 

Migration of ions. It is well known that 
ions migrate to their re^ipcctive plat(‘H with 
dellmte speeds under unit potential giadient 
If dcqiosition proceeds moie rapidly than this 
rate of migration, the ( atliode IhiukI becomes 
impoverished of its metal, and this involves a 
falling off in the amperc-houi yield The defi- 
ciency of metal around the cathode is counter- 
acted to a limited extent by the ordinal y piocess 
of diffusion, but there is a limit to the rate at 
which metal may be satisfactorily deposited, 
unless special steps are taken to make up for 
this slow migration Methods of circulation 
and stirring are based on this fact, and also on 
the further fact that the heavier solution formed 
around the anode falls to the bottom of the 
solution, and, owing to its superior conductance, 
gives rise to the conduction of an undue pro- 
portion of the current and consequently thicker 
deposits on the portion of the cathode in this 
heavier layer , hence a limit to the rate at which 
deposition may be safely allowed to proceed is 
se^, and the time required to deposit a given 
amount of metal varies correspondingly. 
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E.M.F. for deposition. With an insoluble 
anode, a definite minimum E M.F is required 
to maintam electrolysis Thus, when copper 
sulphate is decomposed with a platinum anode, 
the total change is as follows : — 

Cu804-f-H2l^ “ 

TliLs, as a chemical change, is endothermic, and 
electrolytically it demands a minimum E M F 
of about 1 25 volts for its continuance When 
a copper anode is used, no change in the com- 
position of the solution occurs Energy changes 
at both electrodes are equal and of opposite 
character, and hence a muf h smaller E M F'., viz. 
that required to overcome the ohmic resistance 
of the solution, is required With elhcicnt 
anode solution and a good conducting electrolyte, 
such as is obtained in an acidified copper 
sul])hate solution, a P D of about 0 3-0 5 volt 
will maintain a fair rate of deposition In the 
case of nickt'l, where there is usually inefiicient 
anode solution and a pooily conducting electro- 
lyte, a much higher L* D is required, partly on 
account of the greater stability of nickel com- 
pounds Figures given, thcKdoie, foi P D ’s at 
bath terminals aie of a veiy elastic character, 
depending upon the efficiency of anode solution, 
fitrmigth and tempeiature of the solution, 
distance' lictweon electrodes, presene e or other- 
wise of conducting substanees in the solution, 
and cui rent density leejuired , while the con- 
ditions contreilhng the allowable euire'ut density 
at the cathode are chiefly the strength of the 
elect! olyte and its motion 

The deposition of copper may bo accom- 
plished by simple immersion methods, resulting 
in a chemical exchange with the more positive 
metal plated , thus 

Fo}"* f Cu 

The process is but little used, and then only for 
very cheap woik JJi'posits on a surface whuh 
IS undergoing simultaneous coirosioii, cannot he 
sufiuicntly adhcient to withstand the fiictional 
processc^s of pohslnng and burnishing 

The single-cell process, piactised at oiu' time, 
involves the generation of current and the 
deposition of metal in the same ajip.iiatus 
'riie process is illustrated in the Daniell ci'll, in 
which, if the copper cylinder is leplaced by any 
conducting substance, copper is deposited 

For the deposition of copper on biass and 
similar electro-negative metals, and on black- 
leaded or metallised non- conducting surfaces of 
wax, guttapercha, plastei, earthenware, &c , the 
folio wmg solution is of wide application — 

Bluestono (OuSO^, 5H,()) . lJ-2 lbs 

Oil of vitriol lb 

Watei to I gallon 

The composition is variable. Strong solutions 
admit of more rapid deposition without ‘ blim- 
mg,’ while the acid imparts conductance 
From such a solution deposition can be earned 
on at the rate of 40 amperes per square foot 
without stirring, while, with a properly stirred 
electrolyte, this current density may be increased 
up to 250 or 300 amperes per sc^uare foot 

Previous to deposition, brass is cleaned first 
m potash (5-10 p.c ) to remove grease It is 
then passed through aquafortis to remove scale 


of oxide, or tarmsh, and, after rinsing, is scoured 
with pumice or ordinary sand or scratch-brushed. 
After finally rinsmg, it is immersed in the 
solution, and should be covered immediately 
The deposit is pink, though dull When of 
sufficient thickness, the work is lemoved, rinsed, 
and the dull surface improved by scratch- 
brushing or polishing 

For deposition upon non-conductmg sub- 
stances sucli as wax, guttapercha, &c , the 
following methods may be used . — 

(1) Woo. and guitufcrcha Thorough yet 
careful brushing with the finest plumbago 
causes suflicient to be retamed to render the 
surface conductive Such surfaces when sus- 
pended m the copper solution, receive a deposit 
begmmng at tlie metal connection, and gradually 
spreading over the whole surface, the thickness 
of the deposit not being exactly uniform 

(2) FUtstcr of Pans and unglazed cartJumware 
may bo rendered conductive by first soaking in 
linseed oil and allowing to dry They are thus 
lendeicd impervious to the solution, and the 
skin of diied oil will now retain blacklead, when 
this substance is applied by gentle brushing, 
suificicnt to impait the necessary conductance 

(3) Flowers^ feathers, and other delicate 
objects which will not withstand the pressuie 
of even gentle biushmg, may be treated to 
jiroduce a fine layer of some metal or sulphide 
on the snifaco by simple chemical means A 
usual method is to paint them or immerse them 
m a weak solution of phosphoius m caibon 
disulphide, and, after drying, a biicf immersion 
m silver nitrate solution leads to the prpcipitation 
of silver, which imparts the necessary conduct- 
ance Again, the object to be treated may fiist 
be immersed in silvei nitrate solution, and 
subsequently exposed to sulphuretted hydiogen, 
which produces a layer of silvci sulphide, 
sulfi(‘icnt to cause the immediate deposition of 
copjier at all points 

A more successful method for wax and 
guttapercha mvolvcs covering these substances 
with copjier by simple piecipitation The 
substance, usually tis a mould or mqiiession of 
a surface to be leproduced in electrotype copper, 
IS hrst blackleadcd and is then laid face up- 
warcLs in a solution of copper sulphate Iron 
filings are then spiinkled on the surface The 
filings m contact with the blackleaded surface 
produce innumerable voltaic couples, which 
bring about the deposition of copper quickly 
and completely The mould is then rinsed to 
detach the hlings, and placed in the bath, when 
copper IS at once deposited uniformly over the 
whole surface 

On positive metals such as non, zinc, tin, 
Britannia metal, pewter, &c , copper cannot be 
successfully deposited from the acid sulphate 
solution on account of the cas(' with which these 
metals turn out the copper by simple immersion, 
and are, moreover, corroded by the acid A 
more stable and more satisfactory compound for 
this class of work is the double cyanide of 
copper and potassium (CuCN KCN) Solutions 
of this compound arc usually prepared by (1) 
dissolving the carbonate in a solution of potas- 
sium cyamde ; (2) precipitating the sulphate 
with ammonia, dissolving the precipitate in 
excess of ammonia, and decolourising the blue 
solution with potassium cyamde Many other 
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methods are available and are in use The 
strength of such solutions may be \aried 
between wide limits up to 4 ozs (or even more) 
of metal per gallon An excess of potEissium 
cyanide is essential, owing to the formation of 
insoluble single copper cyanide (CuC-N) at the 
anode The course of electrolysis in such 
double cyanide solutions (incluiling those of 
zinc, silver, and gold) is very different from that 
of the salts of the mineral acids In the case 
of copper, the reaction may be simply represented 
as fiollows — 

Anode Cathode 

CiiCN K(^N 

Cu(CN)rK' ^ 

then : 

Cu(CN )2 + Cii=2CuCN K + CuCN K0N=Cu + 2KCN 

(insoluble) (deposited) 

The copper m the salt thus migrates as a 
complex ion to the anode, and tliere forms an 
insoluble compound This, unless removed, 
offers considerable resistance, and increases the 
difficulty of maintaining a normal current 
Hulhcient potassium cyamdo for its removal is 
formed at t’ e cathode, and can lx* best bi ought 
to the anode by stirring, which facilitates the 
process of deposition by kec])ing the anode 
clean The solution of the anode deposit is 
more usually accomplished by using an excess 
of potassium cyanide called ' free cyanide ’ 1 
From such a solution copper is not deposited 
upon iron, tin, Britannia metal, pewter, &c , by 
simple immersion, and only very slightly on 
zinc The solution is conveniently used waim, 
and yields a deposit of copper accompanied by 
hydrogen, which, as a rule, docs not seriously 
interfere with the pliysical character of the 
deposit. The deposit is, under the best quali- 
tative conditions, smoothei than that from the 
sulphate solution, and once the positive metal 
has been coated in this solution, it may be 
removed, and, after thorough rinsing, introduced 
into tlie sulphate solution for a thicker deposit 
TJio cyanide solution, when strong, and used 
within certain limits of current density, yields 
twice as much eoppci per ampere-hour (viz 
2 30 grams) as the sulphate, the cyanide com- 
pound being the monovalent ou])rous salt. 

Apflicatiom of copper depositiov — The metal 
18 most extensively deposited as a covering for 
more positive and more corrodible metals, and 
as a prehminary deposit before coating with 
the more expensive metals Deposits of copper 
on iron may then be burnished or polished and 
the surface improved by mctal-colourmg, when, 
by chemical processes, the surface is covered 
with a uniform film of oxide or sulphide by 
immersion m solutions producing these com- 
pounds, such as the salts of copper and soluble 
sulphides Uniform and pleasing effects are 
readily obtained, and may be rendered more 
permanent by subsequent lacquermg The 
metal is also deposited on a considerable scale 
in the electrotyping process, thm, but ngid 
reproductions of typo, engraved plates and 
blocks being made in electro -deposited copper, 
and subsequently strengthened by ‘ backing ’ 
with a lead- antimony alloy, which is then 
planed down to the reqmred thickness. 

Analytically, copper deposition is applied 


in the separation of this metal from more 
positive metals in an acid solution with a 
platinum anode From a solution of brass in 
mtnc acid, the copper may be most comphdely 
deposited without interfering with the zinc 
The copper deposit made on a platinum dish or 
suitable electrode is then weighed, and the 
zinc obtained by either a chemical or a further 
electrolytic method (i^ Analysis) On a com- 
mercial scale, the deposition of copper has been 
applied by (,'owper-C/oles to the production of 
parabolic mirrors for lighthouse work, and to 
the production of sheet, wire, and tubes The 
manufacture of deposited tubes of large diameter 
has been successfully carried on by Elmore 
Bros , who arrange an agate burnisher to 
travel backwards and forwards along the tube 
during deposition, thereby producing a compact 
deposit of good mechanical properties ’rubes 
up to IG feet long by 8 feet diameter, and 
weighing more than 3 tons, have been produced 
by this method More usually, however, tubes 
are of smaller dimensions, and are subsequently 
drawn down or opened longitudinally for the 
production of sheets (’opper is deposited on a 
most extensive scale m the refining process, 
possibly as much as three-quarters of the total 
output of the metal annually being refined in 
this manner, using a solution of the sulphate 
with thick anodes of the crude metal The crude 
metal contains up to 1 0 p e of impurities The 
deposited metal is almost entirely free from 
impurity Positive impuntie^i pass into the 
solution, and are retained there by the applica- 
tion of the jirmciple used in electrolytic analysis 
Electro-negative impurities, as silver and gold, 
pass as chloride and metal respectively into the 
mud at the bottom of the tank, from which 
they may be recovered Tin, antimony, arsenic, 
and bismuth are prevented from being deposited 
by a careful control of the conditions, and the 
sum-total of impuiities in the lehned metal is 
usually less than 0 05 p e 

Deposition of silver. Silver, beme an electro- 
negative metal, is readily deposited by simple 
immersion The process is applied com- 
mercially under the name of ^whitening ’ 
Solutions for this purpose contain a small 
proportion of a silver compound, such as 
chloride or cyanide, dissolved in cream of 
tartar, sodium ehlonde, or similar solvent. The 
deposition on properly prepared work is a 
case of simple replacement, and only very thm 
deposits are obtamablo by this means The 
same materials may also be used in the form of 
pastes, and rubbed on the prepared work with 
a wet rag, this method finding application in 
silvcrmg clock and instrument dials. 

Electro -deposition is most frequently prac- 
tised For this purpose the mtrate solution is 
unsuitable on account of its instability, being 
serviceable only as a voltameter electrolyte 
where the very electro -negative metal platinum 
13 used. For silvenng on more positive metals, 
those which usually require silver plating, a 
solution of the double cyanide of silver and 
potassium is used This may be prepared from 
the metal as follows * — 

(a) The metal is converted into nitrate, and 
precipitated with potassium cyanide When 
precipitation is just complete, the clear liquid 
IS decanted and the precipitate washed and 
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subsequontly dissolved in more cyanide solution, 
a further supply of cyanide being added for 
‘ free cyanide ’ 

{!)) Precipitation may be effected by common 
salt, and the washed chloride dissolved in excess 
of potassium cyanide 

(c) A silver plate may be made the anode in 
a 5 p c solution of potassium cyamde, using a 
small copper or caroon cathode contained in 
some of the solution m a porous cell The silver 
dissolves electrolytically, and tlio process can 
bo continued until suflicient silver has passed 
into the solution and a good deposit is obtainable 
from it. 

The solution is used cold, and yields a dull 
deposit of the metal, which may subsequently 
be scratch-brushed, burnLshcd, and polished 
'Phe addition of a small proportion ot carbon 
disulphide (1 o/ in 250 gallons) completely 
alters the cliaractor of the deposit from dull 
to bnght. ‘ Bright plating ’ is, therefore, 
much practised The silver compound in the 
solution being somewhat unstable, special pre- 
cautions are necessary before placing work m the 
solution for deposition (lopper, brass, and 
nickel silver may bo plated directly, though 
previous to deposition it is common practice to 
pass such work through a solution of mercury 
cyanide This solution can bo prepared by 
treating a soluble mercuiic compound with 
excess of potassium cyamdc, or by dissolving 
the oxide in cyanide A usual strength is 1 oz 
of metal per gallon Fiom such a ‘ quicking,’ 
solution a bright deposit of rnercuiy is obtained 
on brass, copper, and nickel silver by simple 
immersion, with the advantages that the more 
negative metal mercury is less oxidisablo than 
copper, &c , and prevents simple immersion 
deposition of silver when the work is put into 
th(* bath, and possibly promotes the adhesion 
of the subsequently ch'ctrolytically deposited 
silver, by amalgamation More positive metals, 
like iron and zinc, arc first coppered in the 
alkaline bath, and subsequently treated as 
copper With the lead alloys it is usual to pass 
them straight from the cleansing processes 
through a separate silver solution, from which a 
rapid deposit is first made 'filiis is termed 
‘striking,’ after which the work is transfiTred 
to the fnain solution to complete the deposition 

The current density permissible is controlled 
largely by the metal content of the solution. 
Excessive current produces a light-grey, dark- | 
grey, or black deposit, which, being powdery, is 
unable to withstand the processes of burnishing 
and polishing 

Silver anodes should bo of fine metal, pre- 
ferably annealed, and, therefore, more suscep- 
tible to solution Their behaviour is an indica- 
tion of the condition of the solution If a dull 
deposit collects upon them, with a falling off in 
the current, more free cyanide is required to 
dussolve the insoluble single cyanide which 
forms upon thorn. On the other hand, excessive 
free cyamde unduly promotes the solution of 
the anode, limits the permissible current density 
at the cathode, lowers the cathode efficiency, 
and promoters simple immersion deposition on 
work which is not ‘ quicked ’ The amount of 
free cyamde present can easily be determined 
in this and otlier cyamde solutions by titration 
with standard silver mtrate 


The deposition of gold is practised consider- 
ably on account of the pleasing colour and 
permanence of the deposit Deposition is easy 
owing to the strong electro-negative character 
of the metal, and for electro-gilding, as with 
elcctro-silvoimg, cyanide solutions are used. 
Gold may be applied to metallic surfaces by 
three methods, viz • (1) mercurial gilding ; 

(2) simple immersion ; and (3) the electrolytic 
method. Mercunal gilding is used for heavy 
deposits of gold. An amalgam of gold is first 
prepared by pouring mercury on to hot gold. 
Excess of mercury is squeezed through chamois 
leather, and the pasty amalgam preserved in 
balls under water It is applied to the prepared 
mi'tallic suifaee with a wire brush, which has 
first been wetted with a weak solution of mercuric 
nitrate This is rubbed on the amalgam and 
then on to the work, depo'^iting a layer of amal- 
gam When a uniform coating is obtained, the 
mercury is expelled in a muffle, and the process 
rejioated for tlncker deposits The dull surface 
IS improved by scratch-brashmg. This process 
is still largely employed 

Simple immersion methods aio followed, for 
mere films of metal, in solutions of very varied 
i composition A moderately strong solution of 
sodium pyrophosphate is prepared (5-10 pc), 
and gold chloride added a little at a time The 
warm solution at onco gives up its metal, but 
the deposits can, m any case, only bo very thin, 
though they may be thickened somewhat by 
‘ quickmg ’ in a mercury solution and re- 
immoi*sing in the gold solution 

Gilding with the separate current is largely 
practised, using a solution prepared by the 
following or similar methods . — 

(1) Making a gold sheet the anode in a 
cyamde solution (4 ozs jier gallon), using a 
cathode contained in a porous cell The process 
IS continued until sufficient metal is lost from 
the anode or until the solution yields a good 
deposit 

(2) Precipitating gold chloride with ammonia, 
avoiding excess, and dissolving the washed pre- 
cipitate in potassium cyanide solution 

The metal content may vary from a few 
pennyweights to a few ounces per gallon The 
solution IS used warm with a gold anode, which 
is electrolytically corroded, or by a less desirable, 
though common, method of using an insoluble 
platinum anode and making frequent small 
additions of gold chloride The colour of the 
deposit varies considerably with the ronchtions, 
chiefly that of current Other conditions, such 
as temperature, size of anode, distance between 
electrodes, metal content, also apparently affect 
the colour ; but these varying conditions 
piimarily influence the current. Cold and weak 
solutions give a pale colour, which may be 
improved by warmmg. Excessive current 
roduccs darker and foxy deposits, which aie, 
owever, improved by scratch-brushmg. More 
satisfactory deposition proceeds when the 
work IS kept in motion. The colour of the 
deposit IS heightened somewhat by a preliminary 
coating of copper, while a deposit oi silver has 
the reverse effect, though occasionally required. 
The colour is modified also by the addition of 
copper and silver cyanides to the solution 
Thick deposits are* most satisfactorily obtained 
by occasional scratch-brushmg and ‘ quickmg.’ 
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The deposition of nickel is now very largely 
applied on account of the hardness of the deposit 
and its permanence, together with the excep- 
tional lustre which can bo imparted to it by 
pohshing. The solution most commonly em- 
ployed IS . 

Nickel ammonium sulphate , 12 ozs 

Wator . ... 1 gallon 

The conditions wlnrh affect the electro- deposi- 
tion from this solution have been studied by 
B^nett, Kenny, and Dugliss (J Phys Chem 
1914, 18, 373 , Rennet, Rose, and Tinkler, ihid 
1915,19,564; Hammond, Trans Amei Ek'ctro- 
chem Soc 1910, 30, 103) To this solution, 
additions are frequently made to mciease the con- 
ductance, sal-ammoniac or common salt being 
used. Owing to the fact that no free mineral acid 
18 permLssible, and the tendency also to the 
formation of mckcl hydroxide at the cathode, 
small additions of acids, such as citric, bone, 
or acetic, are made with varying success 
The only modihcation in the above solution 
which adds any appreciable advantage, is 
that of nickel sulphate, which is so much more 
soluble than the double salt, and from which, 
therefore, much stronger and therefore bctt(‘r, 
conducting solutions can be prepared For 
thick deposits, Langbein recommends the use 
of 3 lbs of nickel sulphate per gallon, with the 
addition of ethyl sulphate or magnesium ethyl 
sulphate On account of the greater stability 
of nickel compounds and the poor solution of 
the anodes, and also the absence of free mineral 
acid, a distinctly higher E M F is required 
than for copper deposition, vi/ 5-6 volts for 
‘striking,’ that is, rapidly coating the work 
with nickel, and then 2-3 volts for depositing 
the bulk of the metal The absence of free acid 
necessitates especial care in the preliminary 
cleansing processes, most work being finally 
passed tlirough a weak solution of cyanide 
(5 p c ), and quickly and thoroughly rinsed 
before being put into the vat The nickel- 
plating solution IS usually worked cold, and is 
conveniently contained in lead-lined vats 
Anodes may bo of cast or rolled metal, the cast 
being much superior, as its ])orosity assists its 
corrosion under the influence of the current 
Rolled metal is but little attacked by the 
amon SO4, and, failing the solution of the 
anode, sulphuric acid is produced and oxygen 
evolved ; thus 

S04d-H20=H2S04+0 
This acidity is to be avoided, and with it 
there is a diminution in the metal content of 
the solution which is similarly undesirable. 
Cast anodes are therefore much more largely 
used, more uniform conditions being main- 
tained with them On account of the high 
E M.F. used, some hydrogen is evolved at the 
cathode, though the current efficiency should not 
ordinarily fall below 90 p c. Occasional motion 
of the work is desirable in order to disengage 
any bubbles which may collect Once deposi- 
tion has commenced, the work should not be 
exposed more than momentarily, otherwise an 
imperceptibly thin film of oxide will form and 
almost entirely prevent the adhesion of further 
deposited metal. In fact, it is T considered 
impossible to successfully deposit mckel on such 


a surface or on a previous deposit. On this 
account, previously nickclled work should be 
entirely freed from its mckel, and, while this 
may bo done by acid solutions, common piaciico 
follows the metliod of pohshino;, at the same 
time preparing the sui-faeo for the new deposit 
Copper and brass work is mckelled directly after 
the iLsual cleaning operations, whilst positive 
metals like zinc and Britannia metal require a 

{irevious deposit of copper fiom the cyanide 
)ath According to (^anac and Tasilly (Oompt 
rend 1914, 158, 119), aluminium is readily 
plated with a durable coating of nickel by first 
plunging the metal in a boiling potassium 
hydroxide solution, scrubbing it with milk of 
lime, followed by steeping in a 0 2 p.c solution 
of potassium cyanide for some minutes, aftei 
whu h it IS tiansfeiied to a bath of 500 grams of 
hydrochloiic acid and 1 gram of iron in 500 c c. 
of water Between each bath it is well washed 
with water, and then plated electrolytically in a 
solution of nickel chloride The success of the 
plating apparently depends on the use of the 
fen ugiixnis bath Iron and steel may be 
nickelh'd without coppenng, the polished surface 
being first rendeied somewhat dull by scouring 
with finest pumice The deposit should be 
kept bright, and this is attained by a current 
density not exceeding 5 ampeies per square 
foot Higher curnmt densities produce dull 
deposits, tending to become powdery on the 
edges 'Phe nickel deposit is veiy hard, and the 
final lustre is obtained by ‘ finishing ’ with 
Sheffield lime, which produces a highly lustrous 
sill face In addition to the extensive cycle and 
motor industry, nickel-j)lating is applied con 
siderably for small machine paits and instill- 
ment work and for ‘ facing ’ stereotypes, the 
deposit being much moie durable than the 
stereotype metal 

The deposition of iron is cained out on lines 
similar to those for mckel, solutions of ferrous 
sulphate or ferrous ammonium sulphate being 
used These must be entirely fiee from mineral 
acid, more so than m the ease of mckel, and 
water should be well boiled befoie being used, 
to expel air and prevent the oxidation of ferrous 
to ferric compounds Feme compounds under 
electrolysis yield little metal, being first reduced 
to ferrous at the cathode ’Fhe process is not 
much used beyond the application in * steel- 
facing ’ cngi aved plates Qffie iron deposit 
obtained is free from caibon, but is very hard 
Anodes of the softest wrought iron containing 
a mimmum of carbon are desirable, and require 
occasional scouring to remove the layer of 
insoluble carbon The deposition of iron has 
also been used for thicker deposits, which have 
subsequently been removed and examined to 
investigate the properties of pure iron, and to 
more successfully determine the effect of im- 
purities. For ‘ steel facmg,’ the engraved plates 
are cleaned, any scouring being done with only 
a light brush. The plate is then hung in the 
bath and covered quickly by ‘ striking.* Depo- 
sition IS then continued more slowly for 10-15 
minutes. The deposit is very hard and with- 
stands the printing process much better than 
copper. When the deposit shows signs of wear 
by the exposure of copper, the metal is simply 
and readily removed by immersion for a short 
time m a 6-10 p c sulphuric acid By voltaic 





AINJi Jlil^J^.OlKU-l'l^A J LISU. 


action the iron is soon dissolved from the jnlate, i 
and, after a hght scouring with a fibre brush 
and subsequent rinsing, the plate is again 
immersed m the solution to receive a further 
coating of iron, thus considerably lengthening 
its life For a review of the woik done m the 
commercial electro* do position of cadmium, sec 
Mathers and Marble, Trans Amcr Eleetrochem 
Soc 1914, 25, 297 ct seq 

Of several cobalt solutions the following | 
yield the best results • (1) crystallised cobalt 
ammonium sulphate, 200 grams per litre of 
water ; (2) cobalt sulphate, 312 grams ; sodium 
chloride, 19 6 grams ; boric acid, nearly to 
saturation , water, 1000 c o. From these solu- 
tions, cobalt plates on brass, iron, steel, copper, 
tin, nickel-silver, lead, and Britannia metal, 
the coating being firm, adherent, hard, and 
uniform When polished, the surface, although 
brilliantly white, lias a slight bluish tint Com- 
pared with nickel-plating, the plating with 
solution (1) IS four times, and with solution (2) 
fifteen times, more rapid, but the voltage 
required is greater than that used for most 
nickel-plating baths Since cobalt is harder than 

nickel, a much thinner coating of cobalt will 
offer the same protective coating as a greater 
weight of nickel deposit , thick deposits of 
cobalt are superior in appearance and character 
to those of nickel (Kalmus, Harper, and Saveli, 
J Ind Eng Chom 1915, 7, 379, Chem Soc 
Abst, 1915, 107, 11 465) 

Deposition of alloys. ( 1 ) Brass. From mixed 
solutions of zinc and copper sulphates with 
the addition of acid, copper can bo cornplotoly 
dcjiositod free from zinc, this principle being 
applied in electrolytic analysis and also in 
refining With salts more alike in stability, this 
condition being attained in the double cyanide 
solutions, the two metals are deposited simul- 
taneously in proportions varying with conditions 
The cyanides are invariably used for this purpose, 
the zinc and copper compounds being used in 
about the same quantity 3’ho mixed solution 
may be prepared in many ways, of which the 
following are in common use — 

(а) Treating solutions of the mixed sulphates 
with excess of ammonia and adding about 30 p c 
more cyanide (KEN) than is required to decolour- 
ise the blue solution 

(б) Preparing a solution of potassium 
cyanide (1-1 J lbs per gallon) and saturating 
about three-quarters of it with the mixed 
carbonates of zinc and copper, subsequently 
adding the remaining solution for ‘ free cyamde ’ 

The solution may be used warm or cold 
If cold, a higher concentration is desirable, 
and also a smaller proportion of zinc compound 
If warm, the zme compound should be increased 
and the solution may be safely diluted Brass 
anodes are used, which, in a warm solution with 
a fair proportion of free cyanide, dissolve under 
the influence of the current. Lack of free 
cyanide gives rise to the formation of a deposit 
of the two single compounds on the anode, 
adding resistance and reducing the current, and 
thus altering the colour of the deposit The 
colour and composition of the deposit vary 
with several conditions In general, ohe con- 
ditions which demand a higher E M.F. give nse 
to a lighter deposit containing more zinc, whilst 
those which reduce the resistance of the solution 


tend to the production of redder deposits cc 
taming more copper. Thus more yellow depos 
are produced in cold dilute solutions with lit 
free cyanide, whilst the copper in the depo 
18 increased when the solution is strengthened 
wanned, or more free KCN added. The co 
position of the deposit is controlled also by 1 
proportion of the two metals m the solutn 
and the fact that from cyanide solutions cop] 
and zinc are ordinarily deposited in the prop 
turn of 63 6 of copper 32 6 of zinc accoin 
approximatelyfor the 2 1 proportion m deposit 
yellow brass The colour of the deposit 
lightened by the addition of ammonia 
ammonium carbonate, these substances assist] 
the solution of the zme compound, which is 1 
soil! bit* than the copper compound, and p 
venting the foimation of basic compounds 

The methods of deposition of brass foil 
on the same lines as those of copper from t 
cyanide solution 

(2) Other alloys aro deposited to only 
very limited extent The choice of sol ii tit 
depends upon the ease of mixture of soluiit 
from winch the constituents can be separat 
deposited Thus for bronze, the sulpha 
chloride and cyanide solutions, are unsuital 
A satisfactoiy mixture can bo made from 1 
double oxalates of the two metals with amri 
mum oxalate, the solution being woikcd wa 
with a bronze anode Similarly, a solut 
from which nickel silver may be doposH 
may bo prepared by mixing the separate dou 
cyanides of copper, zinc, and nickel with pot 
Slum cyanide, or by dissolving the alloy 
nitric acid, precipitating the mixed car bona 
and dissolving the mixture in cyanide 
deposition of these alloys is subject to the sa 
conditions as for brass, attention being paid 
those conditions which facilitate the deposit 
of the more j^ositivo constituents, viz tin, zi 
and nickel 

The elect wdt'position of zinc has of late ye 
been extensively earned on As a protect 
coating for iron and steel an electro deposit ] 
groat advantages over the ordinary process 
galvanising The sulphate solution is commo 
used In some cases zinc anodes are employ 
and these to a large extent maintain a constj 
composition of solution Other processes omp 
insoluble anodes, resulting m the formation 
sulphuric acid equivalent in quantity to the z 
deposited The deposition of zinc from s\ 
acid solutions demands special conditions, e 
for general plating purposes the free acid tl 
formed is neutralised by filtoimg the liq 
through zinc dust From neutral solutu 
there is the tendency for the formation of bs 
compounds leading to the growth of mo 
deposits 8uch addition agents as glue 
bota-naphthol, &c , lead to a considera 
improvement in the character of the deposit 

Another extending application of z 
deposition is found in the recovery of z 
from liquors produced by treating certain z 
ores with weak sulphuric acid The zinc 
usually present to the extent of 6-10 p c. 
electrolysis this is reduced considerably, a 
the acid solution formed by the use of insolu 
anodes is then used for extracting the z 
compounds from a furthv.r quantity of ore 3 
process has been applied largely at zxnaconda 
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Depositton of tin may be successfully carried ' densities deposition proceeds almost quantiia- 
out from a number of solutions. The chloride 1 tively.and this with the hiiihtheinicaleipjivalent 
yields a beautiful crystalhne deposit, but , of lead has suggested its use for voltmeter 
reguhno deposits may be obtained from solutions ' purposes 

of tho stanmte, stannate, or double oxalate with ' A featuio of lead deposition is tin*/ j)i eduction 

ammonium, with ease. They are prepared as | of lead peroxide at the anode 'I’liis has long 

follows* — I been known, and the piodiietion of ccdouied 

(1) Tho hydrate IS proeipitatod from stannous rings and Idms was fust observed by Nobili, in 

chloride with alkali, and the pi eeipitatc dissolved ' 1826 Thus in a solution of lead acetate, oi of 
111 excess of alkali htliaige in alkali, and a polished .inod(‘ of nu kcl 

(2) By converting the metal to hydiatod ' or iron, coloiiied lings aic obtained if a wire 

oxide witlx nitric acid, and tlissolvnig the washed i cathode is lield close to tho anode The colouis 
oxide m alkali are duo to the gradually vaiying tlnikness of 

(3) By adding a solution of ammonium the trim, whii h bungs about iiiterfeieiu e in tho 

oxalate to tin chloiide A white precipitate first light falling upon them With anodes of otlier 
forms, and this IS soluble in excess. shapes the eolouis follow the sliape of tho 

Solutions containing from 1 to 2 ozs of metal anode, though tlicy pass off into a moie or less 

per gallon aie of eonvenient stiength Erom ' rounded foi m Th(‘se eolouis aie c. riled ‘ metallo- 
these solutions tin may bo obtained as a icgulino ' chromes ’ With excessive euiient a dull-brown 
deposit within ceitam limits of current density ' deposit of lead pei oxide is at once foinu*d 
Excessive current pioduces a gioy spongy | Anodic deposition of lead peioxide is also 

deposit, which m.iy, however, bo considerably | applied in the estimation of small amounts of 
improved by the addition of a small amount of lead m certain alloys fiom solutions containing 
gluo or gelatine, thereby extending the limit | mtne acid 

of allowable current iSolutions of model at(‘ ; 3*ho deposition ot platinum is t aiiicd out from 
strength yield metal quantitatively, and tho i a solution of tho ehlonde m sodium phosphate 
anode sutTei * normal coirosion, maintaining the i A platinum anode is insoluble and tlio solution 
strength of tho eicctiolyte The dull white do- | ne(‘ds the addition of the platinum compound, 
posit IS improved by gentle scratch- brushing ' A blown colour sometimes occurs owing to some 
with a soft brush Tin may also be deposited i of the medal passing into tho colloidal form 
without tho current by using an oxalic acid j Palladium may bo successfully deposited 
solution to which tin chloride is add(‘d 3’he ' from a solution of its double chloride, and ilie 
metal is deposited by simple im incision, and | ])iocess has been apjihi'd by C'owpcr-Colc's for 
tho process may bo improvcHl by the addition i [iioducing a non-con odible covering foi electro 
of grain tin with the work, which facilitates | lytically deposited paiabolic minors in copper 
deposition by local voltaic action, while tin , Cobalt dc'position follows on liiK's siinilai to 
passes into tho solution The process is hastened J those for nickel , mercury, which may be depositcxl 
by immoising the small work in zinc trays, tho ; fiom tho nitiato solution, has been aj)pli(‘d to 
zinc passing into tho solution as an ancnle in j tho eonstiuction of elec tioly tic meteis, in 
this case tho solution must be ic[)lenishecl with j which a small and clelinite fraction of tiro tot.il 
tin chlondo, and lejcctcKl when any laigo amount j curicnt is sliuntcd Ihiough a cell in which 
of zme has accumulated in it mei( uiy i» diqiosited, tire weight of tlie meicuiy 

Tho deposition of lead may be similarly deposit automatically recoitling tho cuiicnt 
olfected fiom alkaline solutions, which yield , passing through tho metei, and at constant 


legulme deposits, whilst the acetate pioduecstlic 
well-known crystalhne deposit The juocess 
has but little ajiplication, but more leccntlv the 
deposition of the metal lias been siu*cossfuII> 
applied by Betts to tho lehning of the metal 
The electrolyte is a solution of lead fluosilicuh*, 
which may be made by dissolving tho oxide or 
carbonate in the acid With iini(*finod anodes 
tho lead passes into solution, wliilst silvei is 
retained in tho anode mud Good legulino 
deposits are obtained by the addition of glue 
or gelatine in small amount 

Moie recently, lead pei chlorate has been 
successfully used Pei chloric acid is prepared 
from the sodium salt with a slight excess of 
hydrochloric acid Insoluble sodium chloiide 
18 filtered olf and the acid liquid evaporated 
down to 135° C until excess of hydrochloiic 
acid IS expelled Tho pei chloric acid solution 
IS diluted and neutralised with litharge, a small 
proportion of the acid being set aside to add 
to tho lead perchlorate solution, so that lead 
and free acid are present to the extent of about 
6 p 0 . each. Very satisfactory deposits are 
obtained from this solution, especially with the 
addition of peptone in the proportion of 0*06 
p 0 , and deposits of considerable thickness may 
thus be produced. With moderate current 
VoL. II.— r. 


potential dilloienco tho eneigy ahsoi hod in the 
ciiciiit 8 F. 

ELECTRUM^; Nickel 

ELEMI i; ()lio-klsi\s 

ELEMI, ESSENTIAL OILS OF, v Oli o- 

KKSINS 

ELEMICIN (3 4 5-tiimetho\yallylbcnzene) 
A constituent of the essential oil of ekmii has 
been syiitliesiscd by Maiithnei (Annaleii, 1017, 
414, 250) by eoiidi nsing ally I bromide and 
pyroif<illol-2 6 dinudliyl ether, which yields 
2 6 dimethoxyphenyl allyl ether (J ), wliieh, 
by heating at 220^^ is converted into 2 G-di- 
methoxy-4-allyxpbenol (II ) , this, on inethyla- 
tion, yields elcmicin (ID.) . — 

OCH, CH on, OH 
MeOi^'^^OMe MeOj^OMe 

CH, CHiCH^ 

(I) (II) 

OMe 

^ MeO^^OMe 

CHg CH . CH, 
( 111 ) 

2 8 
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ELEMOL, CigHgjO, a naturally- occumng 
monocyclic sesquiteipeno alcohol found in 
Manilla elerni oil ; D.p 152°-166°/17 mm ; 

0 9411; Uj, 1 6030; Forms a 

benzoate; bp 214°-218710 mm , D^o 1 0287; 
Wj) 1*6378; aj,— 0° Elemol, when reduced by 
means of formic acid, sodium hydiogcn sulphate, 
or zinc-dust, yields Elemene (75II24 J 11^°- 
117710 mm , 11^0 0 8797, 1 4971. 

Elemol IS the lust monocyclic &csquiter|)cno 
alcohol to be found in Nature or to be obtained 
artificially (kScmmler and Liao, Her 1916, 49, 
794). 

ELIQUATION or LIQUATION. A metallur- 
gical term to denote the operation of separating 
substances by taking advantage of their different 
fusibilities 

ELLAGIC ACID. Ellagic acid, is 

obtained from numerous tannin matters winch 
contain an cUagitannm by boiling the aqueous 
extract with dilute sulphuric acid In many 
cases it IS found in the free state, due probably 
to the hydrolysis, by fermentation, of the 
oUagitannm or ellagic acid glucoside originally 
present, and such a fermentation frequently 
occurs when aqueous extracts of the tannin 
matters arc allowed to stand for some time 

JJivi-divi {Gwsalpinia coriana [Willd ]) (Lowe, 
Zeitsch anal (»hcm 1876, 14, 40), myrobalans 
{Tcutiifuilta chehnla [Ratz ]) (Lowe, ibid )y 
algarobilla {Ccebalpinia bicvifolia) (Zolffel, Beil- 
stein, 2, 1086), and valonia (Queicu^i aegilops 
[Linn 1) yield considerable quantities of ellagic 
acid, aiui are the best natuial sources of this 
material It has also boon isolated fiom oak 
galls (C'hovieul, Ann Clnm Phys. 1828, [2J 9, 
329) , oak bark (Etti, Montash 1880, 1, 226) , 
the bark of Picea excvlsa (Link ) (Strohmer, 
ibid 1881, 2, 639) , pomegianato iind (Kembold, 
Annalen, 1867, 143, 288) , Quebracho Colorado 
(Perkin and Gunnel, (fiiem 8oc Trans 1890, 
69, 1307) , Arctoiitaphylos uva-uihi (Spreng ) 
and (h)uarta myrtifoha (Linn ) (Perkin, ilnd 
1900, 77, 424) , Haiuatoxylon cainpcaihiaiiurn 
(Linn ) (Peikni, ibid 1897, 71, 1137) , the fruit 
of Ca .salpinia diyyna (Rottl ) (Nierenstein, 
Ghern Zeit 1909, 87) , and the baik of Termin- 
aha caiappa (Linn ) {ibid ) In fact, ellagic acid 
piobably always occuis, if only in minute 
(quantity, m all plant pioducts which contain 
gallo tannin Most interesting are the Oriental 
bezoar stones, concietions winch arc found in 
the stomachs of goats and other animals, and 
consist largely of ellagic acid These originate, 
without doubt, from the fact that the ammal 
has fed upon plants m which some quantity of 
an ellagitannin is present 

Ellagic acid Wiis first discovered by Chevreul 
(Ann. Cliiin. Phys l.c.) in oak galls, and more 
closely examined by Braconnot (ibid 9, 187) 
According to Pelouze, it possessed the com- 
position (J7H4O4 (ibid. 64, 366) , whereas 

Mcrklem and Wohler (Ami Ghem. Pharm 
65, 129), who isolated it from bezoar .stones and 
termed it ‘ bozoaric acid,’ showed that its true 
formula is GJ4H8O8 

The precipitate of crude ellagic acid, which 
IS produced by boilmg the tanmn extract with 
dilute mineral acid, is purified by wasmng with 
alcohol and subsequent recrystallisation. A 
similar procedure is also satisfactory with the 


deposits so frequently produced by fermentation 
and alluded to above. Ellagic acid is most 
readily crystallised fiom pyridine (Perkin and 
Nierenstein, Ghem Soc. Trans 87, 1416), and 
the product, which is either a pyndine com- 
pound or contains pyndine of crystallisation, is 
washed with alcohol. 

Lowe (Zeitsch Chem 1868, 4, 653) was the 
first to prepare ellagic acid synthetically by 
oxichsmg gallic acid with arsenic acid, ana this 
was subsequently accomplished by Ernst and 
Zwenger (Annalen, 1871, 169, 32) by heating 
ethyl gallate with sodium carbonate solution 
in the prescni e of air, and by Gnessmayer 
(ibid 1871, 160, 65) by heating gallic acid with 
water and iodine It is readily produced by 
oxidising gallic acid dissolved in acetic acid by 
means of potassium persulphate and sulphunc 
acid (Perkin and Nierenstein, I c ), and together 
with ilavellagic acid by the addition of potassium 
persulphate to a solution of gallic acid m sul- 
phuric acid (Perkin, ibid 1906, 89, 261) Under 
similar conditions, gallotanmn produces ellagic 
acid (Nierenstein, Bcr 1908, 41, 3015, and 
1909, 42, 363), and it can also bo pieparcd by 
boiling the tannin with hydrogen peroxide 
solution (ibid 1907, 40, 917) Merzig and 
Bionneck obtained good results by passing air 
through an ammoniacal solution of gallic acid 
ethyl estci, and also of gallotanmn (Monatsh 
1908,29) , whereas Sisley (Bull Soc chim 1909, 
[4] 6, 727) prepared ellagic acid fiom tannin by 
means of alcoholic potassium hydroxide solution 
According to Rupe, a 60 p c yield is produced 
when gallic acid in sulphunc acid solution is 
oxidised with sodium nitiitc (Ghemie d naturl 
Faibstolle, 1909, 2 162) 

Ellagic acid ciystallised from pyndine foims 
prismatic needles, which aie conveited by alcohol 
into a pale yellow crystalline jiowder , but when 
purified by means of its acetyl derivative, the 
product 18 almost colourless (Perkin and Nieren- 
stcin) It is \ciy sparingly soluble in all the 
usual solvents, dissolves in alkaline solutions 
with a pale yellow colour, and fiom these 
liquids, when diluted with hot alcohol, is 
deposited on acidifying in a ciystallme con- 
dition When heated it does not melt below 
300° , and sublimes at higher temperatures 
with considerable carbonisation With mtnc 
acid containing mtious acid and subsequent 
dilution, it gives a blood-ied colouiation (Griess- 
mayer’s leaction), and this piopeity, consideied 
at one time to be charaetei istic, is known to bo 
also possessed by flavellagic acid (Perkin) 

Ac'coidmg to Mciklem and Wohler (I c ), the 
alkaline solution of ellagic acid becomes recidish- 
yellow on exposure to air, and deposits black 
crystals of potassium glaucomelanate 

KA2H14O, 

When boiled with phenyl hydrazine in alcoholic 
solution, or when carefully heated with phcnyl- 
hydrazme, ellagic acid forms the product 
CeHgNH NH^,Gi 4H8()8, which crystallises in 
yellow needles, and is leadily reconverted into 
ellagic acid Ellagic acid gives similar com- 
pounds with aniline and qumolme (Goldschmiedt, 
Monatsh 1905, 26, 1139) 

TeiraacetyleUagic acidy Ci4 H208(C2H30)4, 
(Barth and Goldschmiedt, Ber. 1878, 11, 846 ; 
fc>chi£f, ibid. 1879, 12, 1634 ; Zolfiel, Arch. 
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Pharm. 229, 123), colourless needles, m p 
343°-346° (Perkin and Nierenstein) ; tetra- 
benzoylellagic CLCid CJ4H >0^(071150)4, colourless 
needles (Goldschmiedt and Jahoda, Monatsh 
1892, 13,151), m p 332®-333° (Perkin) , cllagic 
acid rnonomeihyl etlur (!j4H507(00H3), yellow 
crystalline powder (Goldscliniiedt, Monatsh 
1905, 26, 1139) ; diacvtijUllagtc acid vncmcym ethyl 
ether Ci4H30-(0(^K3)(0>H /))_,, crystalline pow- 
der (Goldschmiedt) ; ella^ic acid dimethyl ether , 
Cj 41140^(00113)2, crystalline powder (Gold- 
schmiedt) , and ellagic acid tetramethyl ethei 
(',411204(00113)4, colourless microscopic needles 
(Goldschmiedt, Hei/i^ and Poliak, Monatsh 
1908, 29, 263). have been di'scnbcd 

Ellagic acid gives the following salts 
KO14H5OQ, minute yellow needles (Perkin and 
Wilson, Ohem >Soe Tians 1903, 83, 134); 
K2(y,4H40j,, jirisms (Merklem and Wohler, 
Perkin and Wilson) , K >Oi4H40„,KOH, micro- 
scopic prisms (Merklem and Wohler) , 

crystalline powder ,• Na(.', 4H30„,H>(^, yellow 
needles (Ernst and Zwengei, Annalen, 1871, 
159, 32) 

d^he tim tonal properties of ellagic acid are 
somewhat feeble, but m 1887 it was placed on 
the market by Messrs Meistcr, Lucius, and 
Briinmg, under the name of ‘ Alizarin Yellow m 
paste,’ and was recommended as yielding, with 
chromium mordants, greenibh-yellow shades of 
considerable permanence 

Pembold (Annalen, 18t>7, 143, 288) states 
that when ellagic acid ls tieated with sodium 
amalgam, it gives y-hcxahydroxydi'phenyl 

0„H4(OH), 

three distinct lujohydiodlaqu acidb (JuHioGe' 
Cj 4 H,o() 7, ill 10^^91 and qlaucohydrodlatfic 
acid ^ but, according to Nieienstem (Pci 1908, 
41, 1640), this latter comjiound is in reality the 
pentahycboxydiphenylmethylohd lefened to 
later Py the action of boiling jiotassium 
hydroxide solution (Paith and (goldschmiedt, 
Per 1879, 12, 1242), ellagic aeicl gives hira- 
hiidroxydiphcnijUnclctone by fusion 

with potassium hydioxido fi-hexahydioxydi- 
phenyl, and by fusion with sodium hydroxide 
y-hexahyd 101 yd i phenyl, together with some of 
the 3- compound 

When cllagic acid is distilled with zme-dust 
fluoiene is produced (Kembold, Per 8, 1494 , 
Bailli and (goldschmiedt, ibtd 11, 846, cf also 
Graebe, ibid 1903, 36, 212) 

As a result of their investigation, Baith and 
Goldschmiedt (ibid 1879, 12, 153) suggested 
that ellagic acid could be represented by one of 
the two following formulae : — 


(1) 


CO; 


H 

X^«(0H)3 

I 


CO 


(2) CO 


H 

^Ce(OH)3 

l>0 

Ce(OH), 

ioOH 


and of these the first was preferable 

Whereas such a constitution ic quires the 
presence of five hydroxyl groups, Schiff (Per 
1879, 12, 1534) considered that acetylellagic 
acid was Ci 4 H 2 (C 8 Hj, 0 ) 408 , and this was 
subsequently corroborated hy Zollfel (Arch. 


Pharm. 229, 123) Schiff, at the same time, 
proposed two formulae for ellagic acid 

/0\ CO 

00^ Xh(OH)2 o-i (\n{0}i), 

(1) I (2) I 0. I 

CO. - - ('eH(0H)2 CO ^ C,U{OR), 

^O^ 


the latter of whicli is identical with that pie- 
ferred by Giacbc (It) Tn a later investigation, 
Goldschmiedt and Jahoda (Monatsli 13, 49), as 
the lesult of their ])roparation of teliabcnzoyl- 
ellagie acid, were satisfied of the existence m 
ellagic acid of but foui by di owls, and con- 
sequently adopted then si'cond foimula. 

Graebe (Boi 1903, 36, 214), among other 
criticisms, pointed out that a substance having 
tins constitution, and which may be more eleaily 
written as follows (1) — 



would yield, on distillation witir/im -dust, not 
lluoieno, but an isomeiie hyduxaihon (2), if 
this, indeed, were capable of existence In tlu' 
same papiT this autlioi announced the inteiesl mg 
fact that dqdienylmethylolid 


0 


-()— CO 




/ 


on distillation with yiiic dust, gives not only 
diphenyl and methyldiplii nyl, but also JtiioKne; 
and in a theoretical discussion ot the subjei t, 
suggested that Si luff's second formula (given 
above) most piob.ibly ie])resents the tiue loii- 
stitution of this substaiiie 

The subject was leiiivestigated somewhat 
later by Perkm .iiid Nii'icnstiMii (/ c ), who, on 
digesting ellagic ai id witli boiling potassium 
hy dioxide solution, obtained B.iilh and Gold- 
schmiedt’s so-called he\aliy(box\ diphenykme- 
ketoiio ChHmO; Eiom this substance a pinta- 
acetyl derivative CnH jOvfC^JfjO)^, juismatie 
necMlies, m j) 224"'- 22(>°, and a jauitaben/oyl 
deiivative, C13II ,07(C7i 1^0)5, jilales, m p 257'"- 
259°, were ])ic*paied As, moiixiver, zine-diist 
distillation gave tliioiene, there could be little* 
doubt that tins compound was in reality 
pnitahydroxydiphaii/lmethylolid, as, indeed, vas 
surmised by Graebe . 

0-co .. 

""H n 

H0‘\y 0H\y0II 

OH 

From their results, togethei witli a study of 
other similar compounds, Pei kin and Nierenstein 
considered that {Schiff ’s formula, and whieh can 
bo more clearly written thus • 

r-0— CO - 


“YY— n 

H0\/C0— O^OH 
OH 


IS a correct representation of the constitution of 
cllagic acid. 
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Finally, Herzig and Pnllak (Monatsh 1908, 
29, 263), by a .study of the nietliylation pioducts 
of ellagic acid, obtained results further corro- 
borating this constitution. 

When Goldschmiedt’s tctramethyloUagic acid 
is digested witli alcoholic potash and methyl 
iodide, di'phertijl-i 2 . 3 : b . 7 H-hexamethoxy-b 
lO-di-carboxyhc methyl ester (in p 109'^-111°) 


x,\ 


COOCII, 


OCH, 


) CH,o!* ^ ^OCH, COOCH3!^,J!oCH 


V/ 

ooii. 


IS obtained, together with a small quantity of 
dipJienylmelhylmid-2 3 6 1 - pcntamethoxy-5- 

carhoxylic aetd methyl ester (2), m.p. 187°-189'' 


(2) CH3o'^^^OCH 3 COOCHa'^ , ^OCHa 


OCH3 

By means of alcohohe potash, the.so com- 
pounds (1) and (2) yield icvspectively diphenyl- 
1 2 3 6 7 ^-hexamethoxy-ty lO-dicarhoxyhc acid 

(3) , m p 238°-240°, and diphe?iyl-2 3 6.7 8- 
peata7ncihoxy-\-liydioxy-^ I0-dicaihoxylic acid 

(4) , m.p 200^-203'* ; 

O C0011 5*^““ 

Aoch. 

OCH, COOH' 

OCH, 


(3) 




OCH, 


(4) 


CH,0 


COOH 

'OCH, COOH 
OCH, 


OH 

(^.OCH, 


Ellagic acid is probably not a tanning matci lal 
in the true sense of the term, but is of consider- 
able importance nevertheless in the tanning 
nrocoss Thus tlie ellagitannic acid absorbed 
Dy the hide is at least m pait converted into 
ellagic acid, and tlie deposit thus formed adds 
weight and bloom to the finished article 

Other membci's of this group have been pie- 
pared from w-hydroxyben/.oic acid, p-h;ydio\y- 
bcnzoic acid, proto-catcchuic acid, sym. dihy- 
droxybenzoic acid, gallic acid, and from ellagu 
acid itself An account of these is given below 


Flavei.lxgio Acid 

Flavellagic acid is obtained in con 

junction with ellagic acid when gallic acid is 
oxidised with potassium peisulphato and 
strong sulphuric acid By the emplovnient of 
a dilute acid, flavellagic acid almost fiec fioin 
ellagic acid can bo produced, and for this pur- 
pose the followmg process is recommended 
(A G Perkin, Chem 80c Trans 1906, 89, 251) 
20 grams of gallic acid are treated with 160 c c 
of 96 p c sulphunc acid, 66 e c of water added, 
and the hot solution thus obtained is cooled to 
60°, and mamtamed at this temperature during 
the gradual addition of 40 grams of potassium 
persulphate A. G. Perkin and F. M. Perkin 
fChem. Soc. Trans 1908, 93, 1194) have obtained 
the same compound by the electrolytic oxidation 
of galUo acid in the pre.sence of sulphuric ac*d, 


and more lecently Bleulei and Perkm7(*5td. 
1916, 109, 530) have prepared it by heatmg 
gallic acid at 1 10°-120° with arsemc and sulphunc 
acids. 

Flavellagic acid crystallises from pyridine 
in small yellow prismatic needles which contain 
pyridine, and do not melt below 360° With 
nitric acid containing mtrous acid and subse- 
quent dilution, it gives the blood-red colouration 
(Griessmayer reaction), which is also produced 
by ellagic acid Dilute alkalis dissolve it with 
a yellowish-green colouration, and by distillation 
with zinc-dust jluorene is produced. Acetyl- 
fluvellagic acid Cj4H09(C2H3())5, colourless 
needles, melts at 317°-319°, and henzoylflavellagic 
add (',4^09(071150)., prismatic needles, melts 
at 287°-289° Flavellagic acid dyes mordanted 
woollen cloth shades somewhat resembling but 
stronger than those produced by ellagic acid 

Chromium Aluminium Tin Iron- 

YellowLsh- Pale greenish- Pale Dark olive- 
olive yellow. yellow brown. 

By the action of boiling 60 p c. potassium 
hydroxide solution, flavellagic acid gives hexa^ 
h yd roxydtphenylmethylolid 

o_co 

HO/\ /\OH 

Hol^ Hol ^OH 
OH 


colourless needles (m p above 300°). This 
compound dissolves in solutions of the alkah 
hydroxides with an orange-yellow tint, and this, 
on dilution with water and exposure to air, 
develops a strong bluish -violet colouration The 
acetyl derivative C,3H208(C2H30)g, colourless 
prismatic needles, melts at 232°-234° Flavell- 
agic acid 18 hydroxyellagic acid, and possesses 
the following constitution — 


HO 

HO 


O— CO 

f L ■ 


\/ 


JO— ot^ 


/ 

OH 


OH 


((/’ Herzig and Tschorne, Monatsh 1908, 
29, 281) 

Flavellagic acid gives with diazomebhano 
the 7nethyl ether Ci4H04(0Mc)5, in p 245° , 
and this is converted oy methyl iodide and potas- 
Slum hydroxide into methyl-’S 4 5 6 2' . 3' . 4'- 
hiptamethoxydipheHijl-2 . b'-dicarboxylate 

rn p 83°-87°. The latter, on hydrolysis with 
potassium hydroxide, yields the acid 
C,,K{OMoUOO,U), 

rn f) 163°- 167°, in the anhydrous condition. 
From water it crystallises with IHgO and then 
melts at 95°-100° (decomp ) (M. von Bronneck, 
Monatsh 1908, 29, 281) 

When gallic acid 3 4-dimethylether, or gallic 
acid trimcthylether is oxidised by means of 
potassium persulphate and sulphuric acid at 
45° (Herzig and Schmidmger, Monatsh. 1910, 
31, 918), flaieUagic acid tetramethylether 

^0 CO-. . 

CH30l^-CO-O~kJ0CH3 

WH3 
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yellow needles, m.p. 270®- 271°, is produced, 
the acetyl denvativo of which melts at 270°-271° 
By means of methyl sulphate and potassium 
hydroxide, the heptamothoxy compound is 
obtained 


CcERULEOErLAGiC AciD 

Coeruleoellagio acid is prepared by heating 
ollagic or flavellagic acid (1 part) with sulphuric 
acid (monohydrate 10 parts) to 200° and allowing 
the temperature to fall to 185°-190° and remain 
there for 30 minutes The product isolated 
by pouring into water is purified by conversion 
into its acetyl derivative, and this is subsequently 
hydrolysed by means of siilphunc acid in the 
presence of acetic acid. It may also be obtained 
by the oxidation of cllagic or flavellagic acids 
(1 part) in sidphuric acid solution (10 parts) 
with arsenic acid (1 part) at 100°- 130° (Perkin, 
Chom Soc Trans 1916, 109, 529) 

Coeruleodlagic acid, Ci4H^Ojo, separates from 
hot pyridine in small pale yellow prismatic 
needles which melt above 3f)b° and are very 
sparingly soluble in the usual solvents C^on- 
centrated solutions of the alkali hydroxides 
dissolve it with a greenish-yellow colour, which 
on dilution become green and finally of a blue 
colour, and those changes appear to arise from 
oxidation Sodium and potassium carbonate 
solutions also give blue liquids On distillation 
with zmc-diLst fluorene is pioduced 

Acetylcopruleofllagic acid, fb4^io(^2HiO)B, 
colourless needles, m p 330°-332°, and hcnzotjl- 
ccerideoeUagic acid mp 343°- 

345°, have been prepared Tne latter is inoio 
sparingly soluble in benzoic anhydiide than the 
corresponding derivative of flavellagic acid, and 
this property provides a means for the separation 
of the two substances 

By digestion with 50 p c. potassium hydroxide 
solution diluted with its own volume of alcohol, 
coenileoellagic acid gives a compound 
evidently octohydroxydiphenyl This consists 
of an almost colourless crystalline powder, 
soluble m dilute potassium hydroxide solution, 
with a reddish-violet colouration which becomes 
brown on exposure to air The arcti/l derivative 
P\,H‘,Og(C,H30)g forms colourless needles 
melting at“l77°-l78° 

The constitution assigned to coenileoellagic 
acid IS as follows — 

OH OH 

HO|^— 0— CO— /\0H 

a formula v/hich represents it as either a dihy- 
droxy-cllagic or hydroxy flavellagic acid 

Co^ruleoellagic acid possesses well-marked 
dyeing properties of a simdar character, though 
more strongly developed than those of ellagic 
and flavellagic acids, and may have practical 
utility. Owing to its sparing solubility it gives 
the best results in the paste form The following 
shades are obtained by the employment of 
mordanted woollen cloth • — 

Chromium Aluminium Tin Iron. 

Deep olive- Greenish- Dull Greenish- 
yellow yellow yellow black 

In the case of the aluminium mordant the 


employment of chalk in the dye- bath exerts a 
detnmental effect 


Catellagic Acid. 


Schiff (Ber. 12, 2590) on heating proto- 
catechuic acid with arsenic acid, obtained a 
substance which he named catellagic acid, and 
to this ho assigned the formula Cj 411,007 or 
C,4Hg07 Perkin and Nicrenstoin (Chem Soc. 
Tians 1905, 87, 1417) obtained a similar sub- 
stance by the oxidation of protocatcchuic acid, 
and also parahydroxybenzoic acid with potas- 
sium persulphate and sulphuric acid According 
to the latter authors, catellagic acid fh4HgOQ 
ciystalliscs from pyridine m colouiless needles, 
which melt above 360°, and sublime with but 
moderate carbonisation at higher temperatures 
Solutions of the alkali hydroxides dissolve it with 
a pale yellow colour, and with nitnc acid it 
gives a magenta coloured liquid Diacetyl- 
catellagic acid, colourless prismatic needles, melts 
at 322°-324° 

Catellagic acid, by distillation with zinc- 
dust, gives final eve, and is closely related to 
ellagic acid Its constitution (Perkin and 
NitTcnstein) may bo expicssi'd as follows — 


HO/V 


0 — co- 


-CO— 0- 


OH 


From the oxidation products of parahydroxy- 
benzoic acid, firkin and Nicrenstem isolated, 
in addition to catellagic acid, a second com- 
pound Ci4H^Og, colourless needles, m p above 
360° I’his, which gives the diacetyl derivative 
Gi4HeD6(G2H30)2, colourless needles, mp 267°- 
2()8°, and by distillation with zinc-dust fluorene, 
possesses the formula 



OH 


and evidently originates from the interaction of 
one molecule of protocatcchuic acid and one of 
parahydroxybenzoic acid 


Metellagic Ann 

Metellagic acid (Pei km and Nicrenstem, 
Chom Soc Trans 1905, 87, 1425) is obtained 
m sm«all amount together with othei substances 
by oxidising metahydroxybcn/oic acid m sul- 
pnuric acid solution with potassium persulphate 
at about 30° The product is fractionally 
crystallised from acetic acid, the second crop 
acetylated, the acetyl derivative thus obtained 
purified by repeated crystallisation from acetic 
anhydride and hydrolysed with sulphuric acid m 
the usual manner 

MetcUugic and Ci4Hg05 crystallises from 
acetic acid in colourless needles which readily 
sublime at high temperatures With caustic 
alkaline solutions it behaves similarlv to catel- 
lagic acid givmg a j-ellow colour which is dis- 
charged on heating Distilled with zinc-dust 
a small quantity of a crystalline hydrocarbon is 
produced which appears to be identical with 
fluoiene Acetijlmet ellagic acid Cj 4 H 505 ((/ 2 Hj 0 ) 
ciystallises in colourless leaflets, m p 209°-27I° 
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The reactions of metcllagic acid are m 
harmony with those required dv a member of 
the ellagic acid senes, and the following formula 
assigned to it is probably coircct . — 

o— 00 


In the motlicr liquors obtained during the 
purihcation of acetyl metellagic acid, a second 
acetyl compound, m p 237'^-243°, was isolated 
'fhiH on hydrolysis gave a substance crystallismg 
in glistening yellow noodles, the natuie of 
which has not boon ascertained 

By the oxidation of suitable hydroxy benzoic 
acids, a series of hydroxydiphonyldimethyloid 
derivatives have thus boon prepared, viz — 
Metellagic acid CjgU504('0H) 

Catollagic acid (\6ll4()4(OH)2 
Re^soflavme (^411304(011)3 
Ellagic acid 0^4110(^4(0^)4 
Flavellagic acid (^j4H04(0H)- 
Ciei ulcjoellagic acid (^ 4(14(0 n)a 

A G V 

ELLAGITANNIC ACID. A tanning ])Hn- 
ciple present in divi-divi (Lowe, Frdl 14, 35), 
in algarobilla (Zolffol, Arch Pharm 229, 123) , 
in myrobalans (Lowe, I c 44 , Zolffol, I c) , and 
probably to some extent in all plant products 
which contain a gallotannin (?; Ellagic acid) 
According to Lowo, tlie molecule of ellagi- 
tannic acid contains 5 bydtoxyl groups rejdaced 
by acetyl It gives jirecipitates with gelatin, 
albumen, alkaloids, tartar emetic, and a lU'aily 
black precipitate with foiric acetate Its alco- 
holic solution gives, with lead acetate, a yellow 
precijuLite 

Zolffol (/ c ) considered it a sugar-free tannic 
acid of the formula 

(y^((>H)3C0() (^eH>(0H)3(J001I 
whereas Perkin and Nierenstein {Ic ) suggest (‘d 
it to be a glucosidc or a condensation product of 
two molecules of gallotannin 

Nierenstein (Ber 1910, 43, 1207) has ob- 
tained it m a pure state* by lepeated tieatment 
of the ciude substance fiom myrobalans with 
alkali and ethyl c hloroformate, and then 
decomposing with pyridine accoidmg to Eischcr’s 
method ; and give^ its formula as 

It crystallises from a mixture of pyridine and 
acetic acid in pale-yellow plates, which, after 
smtenng at 300°-306°, melt at 329°-336° 

[a]^^+18 02° So obtained, it readily yields 

ellagic acid with dilute sulphuric acid, but is not 
decomposed by 10 p c sodium carbon.ate solu- 
tion As it is hydrolysed by omulsm to luteoic 
acid, Nierenstein considers it to be a glucoside 
of this compound (v Tannins) A G P 

ELUTRIATION. The separation of the 
lighter from the heavier particles of a powder by 
washing and decantation 
EMANIUM V Actinium 
EMBARIN. Trade name for sodium mercun- 
salic ylaulphonate 

EMBELIC ACID, The active constituent of 
the fiuit of the Indian plant E^nhdia rii^s 


' (Burm.) (nat ord. Myrsinaceae) Employed as 
I an anthelmmtic 

' EMBOLITE. Native silver chlorobromido 
' contaming chlorine and bromine in indefinite 
I proportions It is the commonest of the horn- 
silvers or cerargyntes {qv), occurring as compact 
horn-hko masses or as small, indistinct cubic 
crystals of a greenish -grey colour Frequently 
a small amount of iodine is also present, and 
the formula is Ag(CJ,Br,T) ; the colour of this 
lodembohtc variety is usually greenish-yellow 
to orange-yellow Large quantities have been 
mined with other ores of silver m Chile, Mexico, 
and Broken Hdl m Now South Wales ( V 
Prioi and Spencer, Mm Mag 1902, 13, 174 ) 

L J S 

EMERALD v Beryl, and Glucinum 

EMERALD GREEN. Hydrated chromium 
scsqiiioxide {v ChiROMiUM) , aiso applied to 
iSrhwetnfuilh (jrecn {u art Arsenic, also Pig- 
ments) 

EMERALD-NICKEL v Zarattte 
EMERALD, 9RIENTAL, V Corundum 

EMERY. {Emeri^ Fi , Smirgd, Echmirgel, 
Ger ) An impure variety of coiundum It is, 
however, more of the nat/urc of a rock, rather 
than a simple mineral, consisting e >.entially of 
a fine-grained aggiegatc of corundum (50-60 
p c ) and magnetite (30-40 j) c ) Several other 
minerals are also present in smaller and variable 
amounts H<cmatite and Iimomte arc present 
as alteration products of the magnetite , and 
others, such as diaspoie, margarite (cmerylite), 
muscovite, kyamto, liavc probably been derived 
from the corundum In addition, there may 
also he tourmalme, chloiitoid, biol ite, staurolite, 
rutile, idociase, pyiites, iron-spinel (hcrcynite), 
Siv The material is dull blaek, daik grey, or 
bluish-blaek, and has much the appearance of 
a fine-grained iron-ore ; sp gr 3 75-4 31 It is 
massive and opaque, breaking with a more or 
less regular fracture, and is magnetic The 
abrading power (measured by the amount of 
ghuss abraded by a given weight of emery in 
a certain time) ranges from 65 to 32, as com- 
paied with sapjilure at 100 "I’heso values are 
only roughly jiropoi tional to the amount of 
alumina (corundum) present in the mixture, 
depending also to some degree on the texture of 
the material. 

The analyses on next page are of material 
from Naxos, I-IV (I and II, the extremes as re- 
gards the amount of alumina of seven analyses 
by Oser, quoted by S A Papavasiliou, 1913 ; 
J II and IV, by E. Ludwig, quoted by G. 
TBchormak, 1894) , Asia Minor, V, by R 
Kramer, 1907 , VI, Peekskill, New York, by 
G. il Williams, 1887 Several older analyses 
have been published by J L Smith (Amer J 
Sci 1850, 1851, 1866), and by R Jagnaux 
(Bull Soc. Min Fiance, 1884) 

Analysis III corresponds with the mineral 
composition corundum 52 4, magnetite 32 1, 
tourmaline 115, muscovite 2, margante 2 p c. ; 
and IV with • corundum 50, magnetite 33, 
tourmaline 9, cliloritoid 4, muscovite 3, calcito 
1 p c. 

The only sources of supply are Greece, 
Asiatic Turkey, and the United States I’ho 
I deposits in the island of Naxos in the Grecian 
j archipelago liave been known since remote 
I times Here, on the north-east side of the 
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I* 

II 

III 

IV. 

V 


VI 2 

A1203 

66 16 

60 05 

57 67 

56 52 

60 

10 

46 53 

Fe^Oa 

FeO 

24-27 
. 3 48 

24-03 
4 02 

1 33 36 

34-65 

33 

-20 

41 29 

MnO 

0 25 

0 85 

— . 

— 


— 

— 

CaO 

. 1 62 

1 51 

0 43 

0 90 

0 

48 

— 

MgO 

. 0 38 

1 05 

0 83 

0 43 

- 

— 

9-43 1 

K.O 

. — 

— 

0 31 

0 40 

- 

— 

— 

Na^O 

. — 

— 

n d 

0 60 

- 

- 

1 

81O, . 

, 3 23 

5 09 

5 04 

5 45 

1 

80 

2 42 

TiO, 

. — 

— . 

n.d. 

n d 

- 

— 

0 51 

B^o; . 

— 

— . 

1 15 

0 88 

- 

— 

— 

H,0 . 

0 37 

3 67 

0 70 

0 42 

5 

62 

— 


99 76 

100 27 

100 09 

100 25 

101 

20; 

100 19 j 

8p gr. 

4 06 

3 84 

3 71 

3 98 

- 

~ 

i 


island, the emery oeoiirs as irregular beds and 
lenticular masses in crystalline limestone 
(marble), associated with ciystallmt' seliists 
and intiuded by granite Laige isolated blocks 
also occur weathered out on the surface The 
methods of mining are very piimitive, and lesort 
IS made to the old method of lire-sotting, the 
surface of the rock being heated by fires and 
suddenly coded by water to develop cracks 
The production is the monopoly of the Greek 
government, and amounts to about 10,000 tons 
er annum Emery also occurs on the neigh- 
ouring islands of Iiaklia, Sikinos, l^aros, and 
Amurgos, but these deposits are not worked 
(On the Naxos deposits, v W J1 (/ottrell. 
Foreign OlHce Rop , Miseell. 8er No 308, 
London, 1895, G Tseheimak, Min Petr Mitt 
1894, XIV 311 , S A Papavasiliou, Zeits 
Eeutsch Geol Gescll 1913, Ixv 1-123) 

The important deposits in western Asia 
Minor, around Smyrna, were discovered by J 
Lawrence Smith in 1847 Here also the emery 
occurs as lenticular bodies in bluish crystalline 
limestone, associated with mica-schist, gneiss, 
and granite ; and as loose blocks weathered out 
m the reddish surface soil The piincipal mines 
are situated on the (Tiimo Dagh or Messogis 
Mountain in the Aidin district (E of Ephesus 
and S E of Smyrna) Others are near Manisa 
(the ancient Magimsia), near Kula and Adula 
(N. of Ala-Shehr— Philadelphia), and on the 
neighboimng islands of Samos and Nikaria 
The output of 20,000 to 30,000 tons per annum 
IS shipped from Smyrna. (On the Asia Minor 
deposits, V J L Smith, Amer J Sci 1850, 
1851 , and Original Researches in Mineialogy 
and Chemistry, 1884 , R. Kramer, Kleinasia- 
tische Sehmirgelvorkommmsse Inaug -Oiss Leip- 
zig, Beilin, 1907 ) 

In the United States, deposits have been 
worked at Peekskill in Westchestei Co , New 
York, occurring here as segregations in gabbro , 
and in amphibolite-schust at (^hester in Hampden 
Co , Massachusetts The annual output amounts 
to only about 1000 tons, and that from Chester 
has now fallen off. (On the United States 
occurrence, v. G. R. Morrill, The Non-Metalhc 
Minerals, 2nd edit Now York, 1910 ) 

An abrasive material mined at Wildenreuth 
and other jplaccs m Bavaria under the name of 
emery' {Schmirgd, Ger ) is really a mixtuie of 
garnet and quartz Tn the trade the name 
emery has also been applied to the refuse from 
cutting gems and from gem-washings. 

' Also CrgOo trace 2 trace, S 0 01 


In the pieparation of the material for the 
market, after being carefully hand-picked at 
the mine, it is crushed under stamps and sorted 
into various grades of fineness thiough wire 
sieves. The finest ‘ flour of emery ’ is prepared 
by washing and elutnation Emery powder is 
used by lapidaries and stone workem , for 
polishing plate glass and grinding lenses In the 
form of emery paper, emery cloth, and emery 
sticks, the powder is fixed by means of glue 
For emery wheels the powder is mixed with a 
cementing material, such as shellac, sodium 
Sxlicate, or vulcanite , or it is baked with loam 
or kaolin and thus embedded in terra-cotta or 
poicelain 8uch wheels are much used by 
lapidaries and dentists, and for grinding and 
polishing metals, &c Attempts have been 
made to use pieces of emery, in ])lacc of diamond, 
in the crowns of rock-drills (On the technical 
uses of emery, v A Haemg, Uct Schmirgel iind 
seme Industrie, Wien, B)l()) L J 8. 

EMETAMINE Ipei’acitanim 

EMETINE V IpECACUANn\. 

EMIN RED V Pkimuline 

EMODIN ?? Glucosides , Rhubakb ; 8yn 

THETIC DRUGS 

EMPRESSITE. A silver-tclluiium mineral 
AgTe, discovered m the Empress-Joscphim* 
mine, Kerbcr Creek, (Colorado, associated with 
galena and native tellurium Lustre, metallic , 
streak, greyish- black , fracture, conchoidal , 
hardness, 3-3 5 , sji gr 7 51 (Bradley, Amer J. 
8ei 1914, 38, 163) 

EMPYROFORM v Synthetic drugs. 

EMULSIN. The term * emulsin ’ was 
applied oiiginally to the en/yme or mixture of 
enzymes, present in bitter and sweet almonds, 
which hydiolyscs amygdalm to glucose, benz- 
aldehyde, and hydrogen cyanide The same 
enzyme was shown subsequently to hydrolyse 
many natural glucosides as well as the synthe- 
tically prepared ^-glucosides, though it was 
entirely without aition on the stcreoisomerie 
a-alkylglueosides (Eischer, Zeitseh physiol 
Chem 1898, 26, 60) The name is now used to 
comprise all enzymes which hydiolyse )Q- 
ghicosides 8uch (mzymes are widely dis- 
tiibuted in plants besides the kernels of fruits, 
they also o( cur in the leaves and young twigs of 
the higher plants, in most mould fungi, especially 
in Pohfpouis species parasitic on trees, and in 
bacteiia Henry ami Auld (JVoe Roy 8oc 
1905, B, 76, 568) have identified emulsin as 
present in yeast. 

3-Glucosidcs are also hydrolysed by certain 
animal extracts, e.q intestinal mucous membrane, 
a fact winch is taken to indicate the presence of 
emulsin 

There are, however, well-marked differences 
in the number of substances which these various 
emulsin preparations are able to hydrolyse, 
and the investigations of Armstrong and 
others (Chem Soc Proc 1910, 334) indicate, 
that whilst the leaf enzyme (emulsin) is, as a 
rule, a specific for the glucoside normally occur- 
ring in the particular plant, the seed enzyme, 
especially that of the almond, is able to attack 
a number of glucosides. For this reason almond 
emulsin is considered to be a mixture of several 
closely related enzymes. According to H. E 
and E F. Armstrong and Horton (Proc Roy 
Sov 1908. 80, 321), it^^contains a fi-glucase 
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proper, which attacks ^-glucosides ; a cyanase, \ 
which eliminates hydrogen cyanide from amyg* j 
dahn , an amygdalaspy splitting off glucose from 1 
amygdalin ; and a hetase, acting on milk sugar , 
(c/. Kosenthaler, Arch. Pharm 1910, 240, 105) j 

Almond emulsin hydrolyses j8-glueosides , 
and also the disacchandes, lactose, gontiobiose, : 
celloso, and mehbiose It further hydrolyses 
the synthetical j3-methvlgalactoside The emul- 
sin of AspprgiUv.<i mger, on the contrary, has no | 
action on lactose or on /S-galac toside^s In 
referring to emulsin, it is therefore advLsable 
to specify the source of the enzyme 

Preparation — Ground sweet almonds from 
which the fat has been expressed are macerated 
with water and a little toluene or chloroform 
at the oi dinar y temperature for 12-24 hours 
The li(]uid 18 expressed through a cloth, protein 
precipitated with a f(‘.w drops of acetic acid, 
and the ch^ar filtrate precipitated with alcohol 
added 50 c c* at a time till no further precipitate 
IS formed The liquid is decanted and the 
precipitate rapidly washed with absolute alcohol 
and etdier to clehydratc it, and dried in a vacuum 
Alternatively the original precipitate may bo 
collected on a filter paper, diied roughly on 
bibulous paper, and dissolved in water in a 
closed bottle, to which a little foluene is added 
The clear solution so obtaini'd is very active, 
and retains almost constant ac tivitv for many 
months It is essential to eairy out this pre- 
paration as rapidly as possible 

The dried enzyme is a soft, white powder, 
giving most of the reactions of proteins, but 
losing these on purification Its chemical 
natuie has not been the subiect of any detailed 
investigation Active preparations are to bo 
obtained in commeice 

Emulsin exhibits maximum activity in 
neutral solution Alkali stojis the action , 
small quantities of acids usually increase the 
activity, owing to their effect in neutralising 
alkaline impurity 

Exjieriments with emulsin are usually 
cained out at about 37° ; the optimum tempera- 
ture IS 45'’ Emulsin is less resistant to destruc- 
tion by heat m presence of alcoliol below 50 p c , 
but above this jioint tlie reverse is the case, 
owing to the fact that in stionger alcohols the 
en/yme is precipitated, and in this eondition is 
more re-sistant to heat In sterilising plant‘d 
containing enzyme^s it is best to use alcohol of 
such stiength as to produce a liquid containing 
about 00 p e of alcohol (Bourquolot and Biidel, 
J Bharm Ghim 1913, 7, 05) 

Emulsin is detected qualitativcdy by its 
action on amygdalin, liberating hydrogen 
cyanide The activity is tested quantitatively 
either against amygdalin or salicm, by measuring 
the amount of sugar formed in a given time 

Emulsin is also able to bring about synthetic 
change (Armstrong, Proc Roy Soc 1905, B, 70, 
592 , van’t Hoff, Sitzungsber K Akad Wiss 
Berlin, 1910, 48, 903) Emulsin exhibits hydro- 
lytic activity in alcoholic solutions Although 
unable to hydrolyse salicin in presence of 96 p c 
alcohol, it becomes active m 90 pc alcohol, 
hydrolysis continuing slowly until 37 pc of 
the glucoside has been decomposed As the 
strength of the alcohol is diminished equilibnum 
IS more rapidly attained, and a greater propor- 
tion of the salicin undergoes hydrolysis (Bour- 


quelot and Bndel, Compt rend 1912, 164, 944). 
Similarly, emulsin is inactive when suspended 
in solutions of glucosides in acetone or ethyl ace- 
tate, but becomes able to effect hydrolysis when 
10 p c of water is added to the acetone or the 
wet ester is used When emulsin acts on a solu- 
tion of glucose m 85 p c alcohol, the correspond- 
ing j3-methylor ^-ethyl glucosides are formed, 
the same equilibrium point being reached m 
solutions contaimng originally glucose or alkyl 
I glucoside The more dilute the alcohol the 
greater is the hydrolysis and the less the syn- 
the.sis(Bourquelot and Bndel, Compt rend 1912, 
155, 319) The position of the equilibrium is 
irulependent of the quantity of emulsin added 
and of the temperature, but it varies with the 
; strength of the alcohol and with the amount of 
glucose present The property of emulsin to 
facilitate synthesis has been utilised by Bour- 
quelot to prepare a large number of glucosides 
of the alcohols, including such substances as 
geraniol and glycol, and also the corresponding 
galactosides 

'riie emulsin contained in a number of plant 
prepaiations is able to hydrolyse r/Z-benzaldehyde 
cyanohydrin, and also to synthesise this com- 
pound from benzaldchyde and ! ydrocyanic 
acid In some cases the synthesis is asym- 
metric, and an optically active cyanohydrm is 
formed {cf Rosenthaler, Arch Pharm 1913, 
251, 56) 

(For a list of the glucosides atta(‘ked by 
emul&in, (jTnrosTDES ) E F A 

ENAMEL BLUE. Cohalt blue (v Pkjments) 

ENAMELS are vitreous compositions capable 
of adhering by fusion to the surface of metal or 
of pottery The base of the enamel is generally 
a colourless glass, in which are^uspended particles 
of an opaque metallic oxide or salt, generally 
stannic oxide Up to about 900°, tin dioxide 
exists fincdy suspended in the enamel, but at a 
higher temperature combination or solution may 
occur and opacity is diminished Titanic oxide 
has been used in place of stannic oxide, and anti- 
mony compounds have been employed Opacity 
may also he obtained by the use of arsemous 
oxide, calcium phosphate, cryolite, or fluorspar. 
A preparation known as '■ artificial cryolite ’ 
sometimes replaces the mineral When bone 
ash is used, a little nitie may be added to remove 
the grey colour ; the nitre also prevents reduc- 
tion of the lead The vitreous base of most 
enamels is a glass containing much lead, but 
when the presence of lead is objectionable, as in 
enamelled vessels for culinary purposes, soda- 
and potash -glavsses should bo used If great 
fusibility be required, it may be secured by the 
association of borates with the silicates Borate 
cmamels are very hard, but are deficient in 
elasticity, and may be affected by moisture. 
Colour IS imparted to the enamels by the intro- 
duction of various compounds, generally metallic 
^xides, the use of which, in many cases, has been 
known from remote ages Percy’s analyses of 
the enamelled bricks of Babylonia (circa 700 B c ) 
showed that a dense white was obtained by the 
use of stannic oxide , a iich yellow by means of 
antimony, apparently in the form of lead anti- 
moniate (‘ Naples yellow ’) ; and a deep blue by 
copper, probably introduced as oxide, but exist- 
ing m the enamel as a copper sodium silicate. 
The ancient Egyptian blue enamel, or glaze. 
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contains a definite copper calciuiii silicate, 
forming cr 3 rstals remarkaS^le for their intense 
pleochroism, to which Fouque gave the name of 
vestorien (Bull Soc Fr Mm [12J 1889, 36) (v. 
Egyptian blue). The ancient Egyptians seem 
to have been ignorant of the art of enamellmg 
on metal. 

The enamelling of pottery is a simple opera- 
tion, since it consists in the mere fusion of an 
opaque gla^e on to the surface of the ware But 
the application of a vitreous body to a metallic 
surface is less easy, and it is to this process that 
the term ‘ enamelling ’ is sometimes restricted, 
while the works of art produced by enamelling 
on metal are themselves known as ‘ enamels ’ 

The most ancient enamels found m North- 
Western Europe are referable to the prehistonc 
Iron Age, sometimes distinguished as Late 
Celtic In these ancient enamels, brilliantly 
coloured opaque glass is embedded m cells oi 
shallow cavities m bronze . it is probable that 
the vitreous material was applied as a powder, 
mixed with a vehicle so as to form a paste, and 
then heated sufficiently to cause its fusion, and 
thus secure firm attachment to the metal 

A similar method, known as champ Icv^ 
enamellii g, was extensively employed at a much 
later date in Germany and at Ijimoges m l<>ance 
— a town which for centuries was the chief 
centre of artistic enamelling In this process the 
de^sign is traced on a plate of copper oi bronze, 
and all the parts to be cnamellea are excavatecl 
by the graver , these hollows are then filled with 
enamel, which is afterwards fused, and the entire 
surface is finally ground smooth The design 
thus appears m permanent colour, each tint 
being defined by ridges, or separated by areas, of 
metal which arc the elevated paits of the oiiginal 
ground The exposed metal is sometimes gilt 

Another and probably older method of 
inlaid enamelling is that known as cloisonne 
work Hero the design is outlined by strips of 
metal fixed to the metallic base, and the spaces 
between these bands are filled with enamel, 
which is then fused and the surface ground 
down Each coloured aiea ls, therefore, sharply 
separated from its neighbour by the edge of the 
metal fillet Of this character were the early 
Byzantine enamels, which were generally 
executed on plates of gold. The Ghmese have 
for many centuries (at least since the 13th) 
been extremely skilful in this work, and the 
Japanese have applied a similar method to 
the ornamentation of porcelain The Japanese 
attach the cIolsoiis to the base with a gummy 
cement, and even when the ground is a meta], 
they generally use no solder In some cloisonne 
work the surface is not ground down, so that the 
fillets stand in relief above the general surface of 
the enamel 

The use of transparent enamels for the orna- 
mentation of metalwork was introduced by the 
Italian goldsmiths of the 1 3th century, and 
afterwards became popular in France The de- 
sign was generally worked m low relief, or 
chased on gold or silver, and brilliant translucent 
enamels were applied in such a way that the 
varying thickness produced differences of tint. 
This style ls known as hasse-iaille In certain 
rare enamels, probably of the 15th century, the 
pattern is outlined by strips of metal without 
any foundation, ana the spaces in this grating 
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are filled in with coloured transparent enamels ; 
such cloisonne work is termed ptique-d-'jour 

Artistic enamelling has been largely used, not 
only for inlaid and encrusted work, but for the 
production of paintings on metal The painted 
enamels of Limoges, introduced m the 15th 
century, were usually executed on slightly 
convex plates of copper, the subjects being 
generally in white and grey on a deep -violet 
ground , but the process was extended to the 
decoration of dishes, ewers, and other objects, 
and various colours were employed, sometimes 
heightened with gold In this country, enamel 
painting was largely practised, by the family of 
Bone, during the latter part of the 18th and the 
early years of the following century While 
their smaller works, or miniatures, were executed 
on gold, the laiger examples were on plates of 
copper 'J’hc copjier jilate, liaving been annealed 
and cleaned with cfilute suljihuric acid, was 
coated on both sides with white enamel powder , 
it was then fired, and tlie enamelled face ground 
smooth 'Phis white enamel, which was iim- 
dered so ojjaque by means of stannic oxulo as to 
conceal the metal ground, was impoited from 
Venice in the form of round cakes The surface 
to bo pamteil was fuither prepared by the appli- 
cation of a second coat of enamel, more fusible 
and transparent than the first , this material, 
known to tho enamoller as * flux,’ was used m 
the form of rods and beads of white Venetian 
glass Upon the fluxi'd surface, caiefiilly ground 
smooth, the painting was executed m enamel 
colours, or powdered glasses mixed with an 
appropriate vehicle , ami as it was necessary to 
vitrify each colour separately, a complicated 
subject would lequire several successive firings 
in a muffle, each liable to injure or spoil the work 

Recent years have witnessed a great revival 
in artistic enamelling, with the introduction of 
various improvements in technical details 

In addition to art enamels, there is a growing 
demand for coarse work in enamelled sheet-iron 
for street plates, railway notices, and other ad- 
vertisements, which are generally exeimted in 
blue and white In applying enamel to metal it 
IS necessary to use a material which will adhere 
firmly to the base , at the same time, it must 
fiLSo at a temperature lower than tliat which 
softens the metal, or melts the solder if any be 
present , and tho enamel should have a eoeffi- 
c'lcnt of expansion by heat as nearly as possible 
that of the metal ground It is obviously im- 
portant that, when enamel is used as a lining for 
saucepans, stew-pans, and other vessels for 
culinary purposes, it should be free from all 
ingredients which are poisonous, or may become 
so by contact with food An important industry 
has been developed m recent years, especially in 
Germany, Austna-Hungary, and lYance, in the 
manufacture of vessels for domestic use, in cast 
or sheet metal , soft sheet steel is commonly used 
for hollow ware 

The object to be enamelled, having been 
carefully cleaned by pickling m an acid bath, is 
coated with a thm layer of ground enamel. 
This primary coating need not be opaque, and 
generally contains a little cobalt or nickel oxide. 
A suitaole material is obtained, accordmg to 
P. Randau, by fusing a mixture of flmt or quartz 
30 parte, borax 25, and felspar 30 This product 
IS then ground with kaolin 10 75 parts, felspar 0, 
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and magnesia, 1 *26 ; the clay tends to lessen the 
fusibility. The finely powdered ground enamel 
IS mixed with water to a creamy consistency and 
applied to the ware, slightly heated , after the 
coating has dried, the object is fired m a muffle 
furnace at a temperature rather under 1000°. 
After this stage of enamelling, the ware is 
scrubbed to remove scale, and a second coating 
IS applied, this time opaque white This 
enamel may be made, accoidmg to the same 
authority, from a mixture of flint 37 5 parts, 
borax 27 5, tin dioxide 30, soda 15, nitie 10, 
ammonium carbonate 7 5, and magnesia 7 , 
this mixture is fritted and then ground with 
flint 0 12 parts, tin dioxide 3 bO, soda 0 7, and 
magnesia 0 7. The cover enamel is suspended m 
water and spread over the ground enamel, and 
the ware is then carefully hred in a muffle at a 
lower tcmpoiature than that of the first firing 
In some easels a third coat of enamel is applied, 
while in other cases the ground layer is dis- 
pensed with, and onlv a single white coating 
used Finally the surfac e may bo decorated by 
yiaintmg or transfer printing in enamel colours, 
or by photographs In some enamels, like 
‘ granite ware,’ the colour is applied by spraying 
(On enamels, v 8ir H H Chinynghame, (in 
the Tlioory and Practice of Art Enamelling upon 
Metals, 3rd ed London, PlOb , Lewis E Day, 
Enamelling, London, 1907, Alexander Pishei, 
The Art of Enamelling upon Metal, f^ondon, 
1906; Philij) Eyer, Die Eiscnemaillierung, 
Lcipsig, 1907 , Paul Randau, Dio Eabiikation 
dos Emails undd.vs Etnaillieron, Vienna, 4th ed 
1009 , Enamels and Enamelling, English transla- 
tion of P Randan by Oharh's Walter, London, 
1900; Julius Grunwald, translated by Herbert H 
Hodgson, The Theoiy and Piactice of Enamelling 
on Iron and (Stool, London, 1909 ) E W R 
ENARGITE. Copper sulpha? senate CU3A8S4 
or 3Cu^(S AsjjiSg, occurring as orthorhombic 
cryst'ils with perfect prismatic cleavages and 
usually a prismatic haoit The colour is iron- 
biack with a metallic lustre , sp gr 4 44 It is 
not a common mineral, but in a few copper- 
mining districts, for example, at Butte in Mon- 
tana, Morococha m Peru, and in the Siena de 
Eamatma in Argentina, it ’s of some imjiortance 
a^ an ore of copper L J S 

ENDIVE. Cichoruim endivia (Linn ), the 
blanched leaves are used as a salad or garnish 
According to Koiiig, their average com- 
position IS — 

Other caiho- 

Water Protein Fat Sugar hydrates Fibre Ash 
94 1 18 01 08 18 0 6 08 

There are two chief varieties — with crinkled 
leaves and with smooth leaves The former is 
apparently richer in nitrogen and ash, but 
poorer m carbohydrates (Hahlen, Landw 
Jahrb 1874, 3, 312, and 4, 614) 

An analysis of the ash of endives by Richard- 
son (AnnaJen, 67, 377) gave the following 
figures — 

KgO NaaO CaO MgO SO3 SlOg 

37 9 12 1 12 0 1 8 5 2 3 0 24 6 3 4 

H. I. 

ENDLICHITE y Vanadium 

ENESOL V Synthetic dkuos 

ENGLISH BROWN v Azo- colouring 

MATTERS. 


ENGLISH GREEN, or CHROME GREEN, v. 

Chromium; Pigments. 

ENGLISH PINK, or ITALIAN PINK, v. 

Pigments 

ENGLISH RED, or VENETIAN RED, v. 

Pigments 

ENHYDROS y. Agate. 

ENSILAGE a process of preserving green 
fodder for cattle The term sdo is apjilied to 
the pit or other depositoiy m winch the fodder 
{silage) is contained, and appears to be of Basque 
derivation, and originally meant a pit for storing 
grain This method of preserving grass and 
other succulent forage crops has been in use for 
many years in Germany, whence the practice 
was carried to France, and afterwards to America. 
Although the German system had been fully 
described by Johnston, in 1843, in the Trans- 
action of the Highland Agricultural (Society 
(new senes, 9), no general notice of it was 
taken in these islands until 1882, when a report 
of the British Legation at Washington on en- 
silage, as practised on Mr Havemeyer’s estate in 
New Jersey, was published as a blue-book, since 
whieh time many silos, of varying forms and 
eonstriietion, have been made in this country 
The object of all these is to exfliide th air from 
the mass of fodder, allowing only a greater or 
less fermentation accoidmg to the piactico of 
different authoiities , and to this end silos 
have been formed (1) wholly or jiartly under- 
ground , (2) m the form of enclosed buildings. 
8ilage has also been largely made by build- 
ing up the green fodder in the fmm of an 
ordinary stack, of which only the top is covered 
Whether it be silo or stack, the principal factor 
IS the superposition of a sufiicient pressure, 
either by dead weight or by some mechanical 
system of screws, levers, or similar appliances 
The clianges which forage undergoes m the silo 
are due to fermentation, and, as may be sup- 
posed, this action varies considerably with the 
materials stored and with the condition of 
storage , as, for example, green maize under- 
goes pimcipally lactic fermentation , whilst m 
English foddei fermentation produces alcohol 
which IS almost immediatelv converted into 
aldehyde If the air has not been properly ex- 
pelled from the silo, or if the fodder has b(‘en 

E itted in a very damp condition, the aldehyde 
ccomcs qiiicky converted into acetic acid 
Silago IS of two kinds — viz. ‘ sweet ’ and 
‘ sour.’ Sweet silage is the result of allowing 
the grass to remain without pressure, and so 
permitting air to mingle with it until such time 
as a tomperaturo of 125° to 150° F. is reached by 
the fermentation process , sour silage, on the 
other hand, results when pressure is at once 
applied, whereupon an acetic or lactic fermenta- 
tion takes place It appears that a temperature 
of about 125° is sufficient to kill the bacteria 
which produce acid fermentation ; ‘ if the bac- 
teria are killed and the silo is coveied and 
weighted, the enclosed mass of green fodder 
will remain sweet, and bo practically preserved 
under the same conditions as fruits, vegetables, 
or meats are preserved when canned If this 
bo the case, it will be at once intelligible that 
by loss packing of the fodder when put into the 
silo, and extending the time of filling until the 
I temperature ribes to a point fatal to the bacteria, 

, the resulting silago will be sweet and free from 
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acidity ; whilst sour silage is produced by at once 
consolidating, covering up, and weighting the 
grass fodder so as to prevent the temperature 
rising to the point fatal to the bacteria (A 
Voelcker, J Roy Agric Soe 20). 

Two sample-s of sweet silage showed only 
a trace of acid, not exceeding in quantity tliat 
contained in ordinary fresh meadow gnuss • — I 


Silage made fi 0111 | 


MoLsture 
*Albuminoids . 

Sugar and ot.her carbo- 
hydrates soluble in water 
Oiude vegetable fibre 
Mineral matter (ash) 


Clover and 
rye grass | 
mixed I 


75 80 I 
2 53 I 

1 43 
18 31 
1 93 


Meadow } 
grass 

74 40 ! 

2 50 

2 99 
17 90 
2 15 


100 00 I 100 00 


♦Containing nitrogen 0 40 

Volatile acids (calculated as 
acetic acid) . 0 01 

Non-vok tile acids (calculated 
as lactic acid) 0 01 


041 ; 

0 01 i 
0 02 ' 


This silo was provided with a tap at the bottom 
from which juice was diawn off from time to 
time. TliLS drainage had a sp gr of 1*022, and 


contamed, per imperial gallon . 

Grains 

Albuminoids . . . 1,008 50 

Fixed acid (lactic acid) . 51() 42 

Volatile acids (butyric and 
acetic acids) . . 470 70 

♦(^aibohydratcs and amides 1,528 42 
Mincial matters (ash) . 1,708 20 

Water . . 04,701 70 


70,000 00 

♦Containing non-allmminous 

nitrogen , . 35 81 


The diy matter (dried at 1(K)°) which was left 
on evaporation of its drainage contamed . 


♦Albuminoids 

20 90 

Lactic acid 

10 71 

j(^arbohydi.atcs .and .imides 

31 73 

Mmeitil matter (asli) 

3i) HO 


100 (K) 

♦Containing mtiogen 

. 3 34 

1 Containing nitiogon 

0 51 


A sample of sour silage made* from gi.iss 
placed m a heavily weiglitod silo showed the 
:ollowmg composition — 


Water 

70 

01 

Soluble albuminoids 

0 

91 

Insoluble .albuminoids 

1 

78 

Soluble cai bohj^diatcs 

2 

87 

Cnide iibio 

15 

82 

Soluble mineral (asli) 

1 

03 

Insoluble mineral matter (.ash) 

0 

98 


100 

00 

Total nitrogen 

0 

43 

Volatile acids (c.xk ul.itcd .\s 



acetic acid) 

0 

19 

Non-volatile .u ids (call ul.itedas 



lactic acid) 

1 

24 


The subject of changers during ensilage has 
been very carefully investigated both at Rotham 
j 8 ted by Lawes and Gilbeit, and at Wobiiin by 
Voelcker The results obtained jiiesent a strik- 
ing similarity, and it will sufhee if one sot of tables 
(those of J)r Voelcker) is refened to h(‘ri, 
although the Fxpc'nments on Ensilage conducted 
at Rothamsted (Jjawes and Cilbeit) should also 
be read Tlio silo to winch th('S(‘ tiguies relate 
was one made .it Woburn m 1880, and was of 
the charactci genci.illy termed ‘ sour ’ It was 
weighted with stones m strong elm boxes to 
112 lbs jier sipiaie foot, and was unprovided 
with any dram The silo was closed on July 3 
and opened on Decern bei 10, the contents being 
‘ very fair,’ although ‘ not leally line,’ meadow 
grass 'riie numbers, m a condensed foim, are 
given m the lol lowing talile 


Quatjty and Composition of the Grass put into Silo, and of the Silage produced 
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73 
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lbs” 1 

lbs 

lbs ' 

lbs” 

1 lbs 

lbs 

1 lbs 1 

lbs 

lbs 

1 lbs 

lbs 

ll)S 

lbs 

lbs 

Grass put in silo 

32,780 ' 

23,108 

— . 1 

— 

! 47 

733 

3278 

2070 

220r) 

430 

249 

151 

123 

28 

Silage remo\ed 

.10, ^89 

22,03 3 

109 

100 

' 197 

2 >2 

2320 ! 

2409 

22 ')4 

471 

230 

155 

73 

82 

Loss 

2,391 1 

1,073 

bl09. 

1 100 

-I- 1 ^O 

481 

9''>2 

201 

11 

^ n 

19 

+ 4 

50 

4 54 

Loss per 100 lbs 

1 














of fresh grass 

7 29 1 

3 27 1 

-f-0 33' 

+ 0 32 

•fO 4C' 

1 47 

2 90 

0 79 

0 03 

+ 0 12 

0 00 

1 

+ 0 01 

0 15 

+ 0 10 


The mam features shown m the table are as 
follows The total loss duo to feimentation, eva- 
poration, &c , in making the silage was 7 29 p c 
on the fresh grass. Of this, 3 [ p e consisted of 
water, so that the loss m dry matter was only 
about 4 p.c The loss of total nitrogen when, 
as here, no drainage was allowed to How away, 
is very slight ; but the nitrogenous bodies have 
undergone consideiable change from the albu- 


minoid to the non-albummoid condition, the 
I fibre has been diminished, insoluble albuminoids 
I have been lessened, and soluble albuminoids in- 
creased (Voelcker, J. Roy. Agric. Soc 23, 410) 
Since the nutritive value of food depends to 
a considerable extent on the albuminoid com- 
pounds contained in it, it becomes of importance 
flora the economu* point of view, to determine 
txie quantity of such compounds m fresh green 
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food and in silage Kinch found that 65 p c 
of the total nitrogen present m the silage of 
grass was of a non- albuminoid nature, whilst 
in the original grass only 9 p c was of this 
form Tn the case of mangold leave-s, Kellner 
found that of the total nitrogen present, 27 8 p c. 
in the original leaves, 45 5 p c m the silage, 
and as much as 59 7 p c in silage preserved in 
stoppered jars, was non-alburnmoid. Clifford 
Kicnardson, examining mai/e silage, found 

]*er cent total nitrogen 
ds non-albiiimnoid 


Original stalks . 212 

(Silage No I . . 44 6 

„ No 2 49 6 

Dried fodder . . . 15 6 

Silage from young maize . 53 3 

,, ,, older ,, . 47 1 


These results with grass, mangolds, and maize 
show that m ensilage a large portion of the 
albuminoids is converted into non-albu- 
minoid mtrogenous substances, whilst in the 
ordinary drying of fodder no such change seems 
to take place 'Chis is made clear by a reference 
to Dr Voelcker’s table given above under the 
heading ‘ Quality and composition,’ &e , where 
the woody fibre, as indeed the whole of the fibre, 
has been diminished, insoluble albuminoids are 
lessened, and the soluble albuminoids increased 
Ensilage is largely practised in Canada and 
in America for the sake of having a supply of 
‘ gieen ’ fodder during the winter months, 
especially m Canada where the winter is long 
In England, since the interest attaching to 
noveltv has waned, it has graduallv died out of 
practice, except as a resource for adoption m 
unusually wet seasons, when haymaking is 
impossible or is so long delayed as to threaten 
loss of the crops Tn such circumstances those 
who possess the sim[)lo tackle necessary for 
putting up silage stacks m the ojien held have 
a material advantage over their neighbours 
Otherwise, in a country m which roots are easily 
grown and preserved for winter use, and where 
the actual p(*riod of the yeai m which vegidation 
is suspended is corapaiatively short, it would 
seem picferable, having regard to the deterioia- 
tion which occurs in ensilage, especially lus 
regards albuminoids, to adhere to the more 
ordinary practice of hay making 

.The application of silage as fodder and its 
practical effects with stock have been carefully 
investigated both at Rothamsted and Woburn 
{ScR Report on the Practice of Ensilage at 
Homo and Abroad, .fcnkins in J IT-oy Ague 
Soe , now series, 20 , On the Chemistry of 
Ensilage, Voelcker, ihd , Experiments on En- 
silage conducted at Crawley Mill Farm, Woburn, 
1884-5 and 1885-6, Voelcker, ihd 22, Ex- 
periments on Ensilage conducted at Crawley 
Mill Farm, Woburn, 1886-7, Voelcker, ibid 
23 , articles in th»' Agricultural Gazette, April 
27, 1855 (d seq , by (Sir J R Lawes and Sir 
Henry Gilbert, repimted m pamphlet form 
under the title of Experiments on Ensilage 
conducted at Rothamsted ) 

ENSTATITE. Metasilicate of magnesium, 
usually with some ferrous oxide isomorphously 
replacing magnesia, (Mg,Fe)(Si 03 , and with 
increasing iron passing into bronzito and 
hypersthene It belongs to the orthorhombic 


senes of the pyroxene group, and is of import- 
ance as a root- forming mmeral and as a consti- 
tuent of meteoric stones Rarely it is clear and 
transparent and of a rich green colour, when it 
IS used as a gem-stone , such material is found in 
the ‘ blue ground ’ of the South Afncan diamond 
mines L. J. S. 

ENTEROL V Synthetic drugs. 

ENZYMES and ENZYME ACTION Fer- 

MENTATION , BaRLKY , (’hEMICAL AFFINITY 

EOS AMINE V Azo- cglouhino matters 

EOSIN V Triphenyl methane colouring 

MATTERS 

EOSOTE V Synthetic drugs 

EPHEDRINE, C,oH,.ON, ciystals, mp 39°, 
b.p 225°, occurs in Ephedra mlgari'i. It is a 
secondary base, furnishes crystalline salts, and 
on ‘ exhaustive mothylation ’ yields eventually 
trimethylamme and a-phenylallyl alcohoR’gH jqO. 
On distillation the hydrochloride furnishes 
methylamino and propiophenone When heated 
with hydrochloric acid, ephednne undergoes 
isomerisation to i|/-ephedrino (i,9oephedrine), 
crystals, m p 1 17°, which also occurs with it in 
E vulgaris J^oth bases aie poisonous and 
ephedrmo hydrochloride has been used as a 
mydnatic (Ngai, Chom Zentr 1894., i 470 , 
Merck’s Bericht, 1893, 13 ; Ladenburg and 
Oelschlagel, Ber 1889, 22, 1823 ; Miller, Arch 
Pharm 1902, 240, 481 ; Flaecher, ibid 1904, 
242, 380 , Schmidt and collaborators, ibid 
1905, 243, 73 , 1906, 244, 239, 241, 269 ; 1908, 
246, 210, 1909, 247, 141, 1911, 249, 305, 
1913, 251, 320, Apoth Zeit 1911, No 37; 
Foumeau, J Pharm Ghim 1904, [vi ] 20, 481 , 
Emde, Arch Pharm 1907, 245, 662 , Gadamer, 
ibid 1908, 246, 566 ; Calliess, Apoth Zeit 1910, 
25,677) According to Rabc (Bor 1911,44,824) 
the ammonium base of ephednne decomposes into 
water, trimethylamme and a-phenylpropylene- 
oj3-oxide, and he regards ephednne and ^/-ephe- 
drmo as optically isomenc jS-methylammo-a- 
phcnyl-propane-a-ols OH GHPh CHMe NHMo 
(c/ Emde, I c.) This view is shared by Schmidt 
(Arch Pharm 1914, 252, 89, 1915, 253, 52), 
who considei-s the isomerism due to the difference 
m the spatial arrangement of the — CHOH group 
Cf also Eberhard (Arch Pharm 1915, 253, 62). 
a*Ephedrino has been synthesised by Nagai (Eng 
Pat 120936) and shown to differ from Foumeau’s 
products and to be the racemic form of the 
natural variety (^ee Chem Soc Abst 1919, 
1 92) 

The name ephednne hsis also been applied 
by (Spehr to a crystalline alkaloid CjgHigON, 
mp 112°, obtained from Ephedra monostachyay 
a drug used as a remedy for syphilis and gout in 
Bessarabia and Wallachia Ordinary ephednne 
IS known commercially as ‘ ephednne (Merck) ’ 
and the second species as ‘ ephednne (Spehr) ’ 
EPICARIN, 

HO 

OHCOOH 

A derivative of )8-naphthol used in the treatment 
of skin diseases V Synthetic drugs 

EPICHLORHYDRINS a-epicUorhydnn 

{y-chlor propylene oxide) GHo CH GH 2 CI Prepared 
bv treating glycerol with phosphorus penta- 
chlonde or by heatmg the dichlorhydrms with 
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hydrochloric acid (Berthelot, Arm Chim Phys 
[3] 41, 299) ; by treating a- or )8-dichlorhydrm 
with caustic potash (Keboul, Annalen, Spl 1, 
221 , Tollens and Munder, Zeitsch Ohem 
1871, 252; D R P 239077), or with alkali car- 
bonates or alkaline earth hydroxidc-s (D R P 
246242) Glycerol is treated with hydiogen 
chloride at 120°-130°, and the product distilled 
%n vacuo. The fraction boiling at 50°-120°, 
which contains the dichloi hydrins, is treated 
with strong caustic potash solution, and the 
product distilled in vacuo The poition boiling 
below 75° IS washed with water and chstilled. 
The fraction boiling at 118°- 11 9° is crude 
epichlorhydrin, and may bo punfied by redistdla- 
tion ?« cm //o (Faiiconnier, Bull 8oc chirn n 50, 
212) Mobile liquid with odour resembling that 
of ehloroform , bp 116 6° (corr ) , 8p gr 
1 2031 at 0°/4^ (Thorpe, Chem Soc Tians 1880, 
206) , insoluble m watei With sochum m 
ethereal solution epichlorhydrin yields allyl 
alcohol and the diallyl ether of glycerol (7'oinoi, 
Ber 1888, 1290 , Kijner, J Russ Phys Chem 
Roc 24, 31) , by heating with alkyl iodides, 
chlonodohydrin alkyl ethers are produced 
(Paal, Ber 1888, 2971) , ammonia gas convcits 
it into trn hlorhydroxypropylamine (Fauconnier, 
Compt rend. 107, 115), with potash in the 
presence of an alcohol, it yields the corresponding 
dialkyl ether of glycerol (Zunino, Atti Real 
Accad Lmcei, 1897, n 348 , 1907, 9, i 309) , 
with phenols and sodium ethoxide, glyceryl 
diaryl others are formed , whilst with sodium 
hydroxide, glycide aryl ethers aie produced 
(Boyd and Marie, Chem Roc 7'rans 1908, 838 , 
1909, 1803 ; Zunmo, Atti Real Accad Lincei, 
18, 1 254 , Cohn and Plohn, Ber 1907, 2597 , 
Lindemann, ibid 1891, 2145) ; concentrated 
nitric acid ovidises it to j3-chlorlactie acid , 
alcohohe ammoma and ethylsodioraalonatc 
convert it into chlorhydroxypropylmalonamid(‘ 
(Traube and Lehmann, Bor 1899, 720) It 
combines with acid chlorides to form dichlor- 
hydrm esters Haller and March lidve syn- 
thesised ketolactomc acids and other unsatuiated 
compounds by condensing epichlorhydrin with 
the sodium derivatives of benzoyl acetic esters 
of acetone dicaiboxylio ester and of acetyhuctono 
((-ompt lend 132, 1459, 136, 434, 137, 11, 
1203) It has also been condensed with amhne 
(Fauconmer, ibid 106, 605 , 107, 250) , with 
p-toluidme (Cohn and Fiiedlandcr, Ber 1904, 
3037) , with prussic acid (Lespieau, (bmpt rend 
127, 965), and with salicylic acid (Lange, I) R P 
184382 ; Chem. Soc Abstr 1906, i 930) Organo- 
magnesiuin compounds react with it to form 
substituted chlorliydnns of the type 


R'CHC^ 


CH^OH 

CH.Cl 


(Riedel, Chem Zentr 1907, i. 1607 , D. R. P 
183361 ; Foumeau and Tifteneau, Bull Soc 
chim. 1, [4] 1227) Epichlorhydnn has been 
used as a solvent for resins for photographic 
purposes (Phot Korr 1899, 2) 

^-EpicJdorhydnn (/3 - chlorpropylene oxide) 


CHg CHCl CHg. Obtained together with the 
o- compound and other products by treatmg the 
chlonodohydrins formed by treatmg allyl 
alcohol with iodine monochloride, with dry 


sodium hydroxide (B.got, Ann. Chim Phys. 22, 


(6] 468) Liquid, bp 132 '-134° Phosphorus 
pentachlonde convcits it mto ^y-dichloropro- 
pylene, and sodium amalgam into allyl alcohol 
Polyruendcs- ((^3HgO(4)^ Obtained in the 
preparation of pyrazme base^ by the distillation 
of glyceiol with ammonium phosphate and 
ammomum chloride , by treatmg tlu' high- 
boilmg fractions with hydiocliloiic acid, it is 
obtained crystalline, mp 112°-113°, bp 
232°-233°. Readily soluble m hot alcohol, 
sparingly soluble m water 

(Cj^lgOCl)^ Obtained bv treatmg a-ejiichlor- 
hydrm with liydiohuoiic acid in a platinum dish. 
Yellow oil, soluble in alcohol, benzene, ether, 
or acetic acid Dilute sulphuiic acid at 200° 
converts it into a substance icsemblmg cellulose 
(Patemo and Olivien, Gazz chim ital. 24, i. 
305; n 641) 

Chloi butylene oxide C4H7OCI Obtained by 
treatmg a mixtuie of butenylglycerol and glacial 
acetic acid with hydiogen chloride , b p. 125 6° 
(corr ) at 738 mm , sp gr 1 098 at 15°/0 (Zikes, 
Monateh 6, 352) 

EPIDIORITE. A rock consisting essentially 
of plagioclaso-fclspar and homblemle, and with 
a more or less marked schistose structure it 
has been foimed by the action of pressure- 
metamorphism on doleritc {q v ), the aiigite of 
which has been theieby transfoimed mto 
hornblende Rocks of this class are of wide 
distribution, and being tough and haid they aie 
much quariied foi load-mendmg, for example, 
m Cornwall Aurifeious (|uaitz-vcms aie often 
associated with epidioiiUs L J R 

EPIDOTE. Basic silicate of calcium, alu- 
miiuuin, and feiru. iron, H(’a3(Al,Fe)3iSi jOj^, the 
alumina and ferric oxide replacing one another 
isomorpliously, FcgO^ langmg from 1 6 p c (m 
the elmuzoisito vaiiety) to 17 pc The mono- 
chmc crystals are usually much I'longated m the 
direction peipendicular to the plane of symmetry, 
the habit thus being pnsimitic The coloui 
ranges from giecui to brown, and is usually a 
characteiistu yellowish-gieen resembling that 
of a pistachio-nut, hence the name pistacite 
sometimes applied to this mmeial Rp gi 3 3 
-3 5, H 6-7 Good cTystals are found at many 
localities, and very line ones at the Knappenwand 
m the Uiitersulzbachthal m Ral/burg These 
aie of a di‘ep green colour and aie sometimc^s cut 
as gem stones Epidote is strongly piece hroic, 
aiiel when manganese (Mn .Og) enters isomorjih- 
oiisly mto the composition this c haractei becomes 
still more pionounced This is seen in the witha- 
mite variety from Glencoe, Scotland, and m the 
clierry-red mangancse-epidote (piedmontite) 
from Ran Mai cel. Piedmont. As a rock-forming 
mineral epidote is abundant m crystalline schists 
and metamorphic rocks ; and it is often present 
in weathered igneous rocks A rock composed 
of epidote and c|uartz is known as epidosite or 
cpidote-sehist, and sometimes carries gold 
Banded epidosites have been used as ornamental 
stones. L. J. S. 

EPINEPHRINE v Adrenaline ; also Syn- 
thetic DRUGS. 

EPININE. Trade name for 3 4-Dihydroxy- 
phenylethylmethylamine See Adrenaline 
EPIOSINE. Trade name for 1. methyl 4 5- 
dipheiiylene imidazole 

EPIRENAN V Synthetic drugs 
EPRONAL. Ethylpropylacetylurethane 
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EPSOM SALTS. Magjiesium avlphate {v. 
Maonrsittm) 

EPSOMITE or Epsom Salts, MgS()4,7H20, 

as a mineral usually occurs as silky white fibres 
forming efflorescences in limestone caves, mine 
gallenes, &c (Vystals are orthorhombic with 
spheroidal hemihedrism and a prismatic habit, 
the pnsia angle being nearly a right angle 
(81)'" 20') Although good crystals aie readily 
obtained by artificial means, in nature they arc 
of rare occiinence Tlicy have, howevei, been 
found in the salt deposits at Stassfurt m Prussia ; 
wheie also a massive variety (‘ ten haidtite ’) 
forms thin layeis in carnallite 'riiis epsomite 
IS no doubt derived by tlic liydiation of the 
more abundant kieserite, MgS 04 ,H ^0 Tn 
Albany (.o , Wyoming, and on the border of 
Jlntish Columbia and Washington, there are 
several small lakes containing iich deposits of 
compact wliite epsomite At Kj>som in ►Suney, 
from which place the name is dciived, the salt 
occurs only in solution in mineral watem 

L J S 

i ERBIUM or Neo- Erbium Sym Kr At wt 
167 7 A dark-grey powder , sp gr 4 77 at 15° 
(8 Meyer, Monatsh 1899,20,763) 

Soitne ,^ — Ytteihite (gadolinite), yttrotant- 
alite, cuxenite, ximotime 

The oxide of this metal belongs to the group 
of yttnuni earths, forming with dysprosium 
and thulium the eibiurn sub-group, the salts of 
which are distmguislied by their colour and 
by their characteristic absorption spectra m 
solution 

Separation and purification of the yttrium 
earths. The following methods have been 
employed m separating tlio (.losely lelated 
members of the vttrium earths 

1 Fuulional daompo'^ilwn of mltatcs (Bahr 
and Bunsen, Armalcn, 1866, 137, I) The 
niti.itcs, heated until nitrous fumes aie evolved, 
leave a vitieous icsidiu* of basic mtiates, the 
solutions of which, in hot water, slowly ilepoait, 
on cooling, small pink needles containing the 
greater proportion of tin* coloured erbium eaitlis 
The Cl ystals aie extiac ted witli 3 ji c iiitiic acid, 
the solution eva[)orated, the residue again 
heated, and the whole smies of oper<itions 
lepeated many times 'J’he erbium eaitbs 
aocumiilafe in the less soluble basic salts, 
whilst the remaining yttiium earths, and any 
ccriiim earths which may be picscnt, accumulate 
m the final mother liquors, and aie not readily 
freed completely from the erbium caiths 
Further separation is effeeled by heating these 

, mtiates from the final mother liquors so stiongly 
that the residue consists of oxides mixed with 
insoluble basic mtiates On exti action with 
water, the erbium compounds remain undis- 
solved, and the operation is repeated till the 
more soluble yttrium salts no longer show 
absoiption bands 

According to Wichers, Hopkins and Balkc 
(J Amcr. Oheni Soe 1918, 40, 1616) the mtrate 
fusion method is very efficient for separating 
erbium and yttrium and is much better than 
any of the later methods, although the cobalti- 
eyamde and the mtiite precipitation methods 
{v supra) aie both good, the latter being the 
more practicable and efficient 

2 Differences %n iJie solubility of the oxides. 
— The oxides are mixed with water and treated 


. with an amount of nitric acid insufficient to 
I convert the oxides into normal nitrates The 
I mixture becomes hot, and, alter cooling, con- 
centrated nitric acid is added until the product 
assumes a reddish tint The precipitate is then 
digested with alcohol, which dissolves the normal 
nitrate, to the exclusion of the basic mtrates 
The latter consists chiefly of erbium salts mixed 
' with some ytterbium and scandium compounds, 

' the more basic yttiium and cento metals passing 
into solution 9’hc final separation of eibium 
I from ytterbium and scandium is effected by 
I fractionally piecipitatmg the basic nitrates by 
> adding oxides to the solution ol normal nitrates 
' In this opeiation ytterbium and scandium are 
pre‘ei])itatcd as basic nitrates, while cibium 
remains dissolved {v Drossbaeh, Ber 1902, 35, 
2826) 

3 Fiadional pncipitatan Inj allcahs or 
aniline — The addition of ammonia to hot 
solutions of the salts of the yttiium gioup 
occasions the jirec ipitation of basic salts winch 
are easily filtered 

The neutral chloride dissolved in 50 p e 
alcohol IS decomposed at 90'^ with alcoholu 
aniline, or the hydroxide is tieated with anilim' 
hydrochloride in acpieous solution (Hrossbacli, 
Ber 1896, 29, 2452 , Mullmann and Baur, ibid 
1900,33,1748; 1902,35,2382, Uibam, Compt 
rend 1901, 132, 136, Kniss, Aimalen, 1891, 
265, 1 ; Zeitseh anoig ('hem 1893, 3, 108, 
353, 407). 

4 Fractionation with a7tmoninm carbonate 
and, acetic acid — The hydi oxides of the yttiium 
gioup are moderately soluble in coik entrated 
aqueous ammonium eaibonate, and from this 
solution the eaiths may be fiaetionally pre- 
cipitated by acetic ai'id (Dennis and Dales, 
J Amor (Tern 8oc 1902, 24. 400) 

5 Fiaclionation of oualaie.s, acctnti6, acetyl- 
acelonafc^y efhi/hnlphai<‘S (Urbain, Ann (’bun. 
Phys 1900, f7J 19, 184, Maie, Ber 1902, 35, 
2370) , /cuwfdex (K A Hofmann, 1(T>8, 41, 
308) , f(i locya Hides (Bolim, Die Daistellung 
der selt(*ncn Eiden) , broniutc.s (Janies, J 
Ame? ('hem Sot 1908, 30, 182), ihroinaics 
(Kruss and Zoose, Zeitseh anoig (’hem 1893, 
3, 62) 

Vaiious mctJiodh of se])aia1ion of eibiiim 
fiom yttrium have been examined by Willand 
and James (J Amcr Vhem Soe 1610,38,1198), 
who find that fractional piei ijutation with (1) 
sodium mtiite , (2) witli jiotassium < obalti- 

eyanide fiom a h;ydioehlorie acid solution, (3) 
with sodium phosphate fiom a dilute nitiie acid 
solution of the oxides on tlie whole yK‘lfl the 
best results Tn all thiee methods tlie last 
fi action was obtained by the addition of oxalic 
acid to the final lupiois 

Erbia (cibxum caide) ErgOj A pink powder 
obtained by heating the oxalate at 575 -845^ ; 
sp gr. 8 64 , sp ht 0 065 No prepared is apt 
to retain carbon dioxide 

The salts of erbium have a pink or reddish 
colour, a sweet, ostiingent taste, and their so- 
lutions exhibit characteristic absorption bands 
in the red, green, and blue regions of the spec- 
trum The wave lengths corresponding with 
the two most prominent bands are as follows : 

A 522 6-623 6 and 647 6-661 6 

Unless lomc dissociation is repressed, dilute 
solutions of the various jrbium salts exhibit 
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dentical absorption spectra (Zeitsch. physikal. 
.hem 1906, 50, 624 ; v Purvis, Proc Camb. 
^liil Soc. 1903, 12, 202, 206) The absorption 
lands undergo displacement when the solutions 
tre placed in a magnetic field (J Bocquerel, 
^ompt rend. 1907, 145, 1412) 

(For accounts of the fiamo, spark, and aic 
smission spectia, o Thal6n, thid 1880, 91, 326 , 
^xner and Haschek, Wien Akad Ber 1899, 108, 
la, 1071, 1123, Eder, (Jhem Zentr 1916, i 
!42 ; ihid n 455 ) According to Eder erbium is 
irobably complex. 

Erbium salts exhibit signs of radio-activity 
Strong, Arner Chom J. 1909,42, 147). 

Erbium sulphate Ei2(S04)3,81Id) Pmk 
nonoclmic crystals, separating from aqueous 
olution at 20'^-25° , isoinorphous with the 
orresponding yttrium, niaseodymium, and 
leodymium salts (Kraus, Zeitsch Cryst 1901, 
!4, 307) 

The double sulphates Ero(S04)3,K2804,4H d) 
,nd Er 2 (S 04 ) 3 ,(NH 4 )K 04,411^0, are readily 
oluble in cold water 

Erbium nitrate Fi(N 03 ) 3 , 5 H,() Large 
eddish crystals stable m air When heated on 
ilatinum wire, the nitrate imparts an intense 
,rccnish c-'lour to the flame, which, when viewed 
hrough the spectroscope, shows blight lines in 
ho yellow-gieen and orangc-bluo regions of the 
pectrum 'rheso bnglit lines correspond in 
losition with the dark bands of the absorption 
pectrum. 

Erbium formate Ei((dd()2)„2H20 Crystal- 
ises from cold aqueous solution 

Erbium oxalate Er2(('d>4)j,101l2O (K A 
fofmann, Brn* 1910, 43, 2()31) is a reddish, 
paringly soluble micrcKTystalline powdei 

Erbium platinocyanide Ei2[Pt((-N)4li,21 H^O, 
ike the corresponding yttiium salt, (lystalliscs 
n red prisms with a green metallic reflex For 
»ther salts, &cp Morgan and James, J Amer 
fliem Soc 1914, 36, 10 , Katz and James, ihid 
913, 35, 872 G T M 

ERECTHIDIS OIL consists of a terjieno 
Uo^^io’ ^hicli boils at 175'', and at 18 5° has a 
p gi of 0 838 This body absorbs a molecule of 
ydiochloiie acid without the sepaiation of a 
rvstallino compound The poition of the oil 
diich boils above 200” also consists of a terpeme 
Beilstem and Wiegand, Bei 15, 2854) 

EREPSIN V Enztjmes, art Fermentation 

ERGAMINE, ERGOSTEROL, ERGATHI- 
>NEINE, ERGOTIN, ERGOTININE, ERGO- 
'OXINE e Ergot 

ERGOT OF RYE. S put red tye , Ergola, 
^P, U S P Secale tottiufum {Ergot de seiglcy 
h' ; Mutteilorn, Ger ) Ergot of lye consists 
if the dried sclerotium (resting stage) of the 
ungus Claviceps pur put ea (Tulasne) developed 
rom the ovary of the rye {Eecale cereals) The 
rams are dark Molet- black, 1-4 centimetres 
[)ng, slightly curved and tapering at both ends 
f'hc same or a closely related fungus occurs on 
. number of other grasses, wild and cultivated, 
ind on some Cypetacea’ The first definite 
uention of ergot which the writer has been able 
o trace, is m the 1682 edition of Adam Lonicer’s 
Kreuterbuch, cap ccclxx. p 285, where its 
ise by midwives is also referred to From an 
kccount by the medical faculty of Marburg, 
mblished in 1597, aown to the middle of tne 


19th century, there is a voluminous literature 
in German and m French, on ergotism, theic 
seems little doubt, however, that the epidemic 
tgms sacer of the Middle Ages was also due to 
the presence of ergot m flour (cf Ehlei-s, Vetgo- 
tismSf Pans, 1896) Only one outbreak of 
ergotism m England (due to wheat) has been 
desenbed (Phil Trans Roy Soc 1762, 52, 530) 
The use of eigot by midwives was forbidden 
m several eountiies about 1770-1780, but in 
the second deiade of the last centuiy it was 
definitely mtioduced into scientific medicine 
by the Ameiican physicians Picscott and 
Stearns, and now ergot is only imjioitant as a 
drug, being chiefly employed ,i.s a stimulant of 
uterine muscle In tlie Umted States ergot 
growing on wild glasses (c\specially on species of 
Elt/mm, cf also Amberg, Schweiz Woch Chem 
Pharm 1911, 49, 489), has occasionally given 
rise to extensive poisoning of horses and cattle' 
Further botanical and historical details aie 
given by Fluckiger and iianbuivy j) 740. 
Cooke, Brit Fungi, 772 , Pharm ,1 |iii ] 1, 702 , 
Paisons, Kc'p US Oommissionei Agi leulturc', 
1880, 136, Holmes, Pharm .] 1886, fin ] 16, 
684; Kobeit, Historische Studien, Halle, 1889, 
(^aiiutliem. Rep Roy Ague Soc 1874, [ii | 
10, 443 (with illustratioiLs of eigot on othei 
giassc's) 

Qflie chief commercial vaiii'tic's of ergot of 
rye come from Russia and fiom Sp.iin ‘ Bold ’ 
eigot with huge giains, is probably of no special 
value, because several wiiteis agiee that the 
larger giains h<ivo a smaller jieicentage of 
alkaloid than the smaller ones Although they 
are not c^ffieial, othei eigots, glowing on wild 
giassc\s, dc'sc'i ve attc'iition as a souice of alkaloid 
Eg that on 3Ioudia taoulca has bc'cn found to 
contain as much as 0 81 ]> c Fcsluai eigot 
contains 0 34 pe (Pharm J 1913, 130) Pei- 
haps ‘ Diss’ ergot on Atu pdodt ^tnostena i{lAnV. ), 
occurring along the coast of Algeiia, might thus 
be utilised (c/ Geimaix c-t ('hassang. Rev tiichI 
et phaim de I’Afiiquc du Nord, Algei, 1898, 
1,45,78, 113, 146, 184, also Holmes, Bhaim J 
1886, [in ] 16, 684) ])iss c'rgot has bcttei 
keeping propc'itie« than eigot of rye, about which 
the Biussc'ls (’onfeience agiecd that it should 
not bo moie than one yeai old and should bc' 
preserved entire The rapid deterioration of 
eigot seems to bo due to oxidation, which 
IS favoured by the pre-sence of the oil lienee 
removal of the latter by light pctiolc'um has 
been recommended Aymonier (J Pharm 
Chiin 1897, [vi ] 6, 359) suggests coating the 
eigot with a dilute ethereal solution of tolu 
balsam 

The litciatuio on the chemistry of ergot 
IS as voluminous as that on ergotism The 
first investigation is recorded by J G Model 
in his Chyrnischo Nebenstunden (Wittenberg, 
1771), seven years after von Munehhausen 
had first leeognised the drug as a fungus 
Among older writers we need, however, only 
mention here Tanret (Compt rend 1875, 81, 
896), who first obtained the ciystallme alkaloicl 
ergotminey and Buchhemi (Aich. exp. Path 
Pharm 1874, 3, 1) who, albeit without experi- 
mental evidence, expressed the view that the 
activTi/y of ergot is due to decomposition products 
of protein. The active principles of ergot have 
, jnly been obtained pure in recent years They 
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aro a complex alkaloid and some simplex 
bases 

Ergotoxine C36H4j^O0N^, m p 1()2°-164°, an 
amorphous alkaloid yielding cryntalline salts, 
of which the 'phosphate C35H4i0eNr,H3P04H,0, 
m.p is tlie most readily obtamable 

(Barger and (Jarr, C'hern. News, 1906, 94, 89, 
'PiaiLS Chern Sou 1907, 91, 337 , Barger and 
Ewins, z&ic/ 1910,97,284; 1918,113,235) This 
alkaloid had been obtained in an impure form 
as ‘ amorphous ergotmino ’ by Tanret, and was 
termed hydroergotmine by Kraft (Arch Pharm 
1906, 244, 336 , 1907, 245, 644), who, without 
analyses, first recognised it as a hydrate of 
Tanret’s ergotimne 

The alkaloids of ergot are best obtained on 
a small scale by extracting the powdered drug 
with ether and shaking the ethereal solution 
with a weak acid (citiic, tartaric) Excess of 
strongly ionised mineral acids precipitates the 
salts of the ergot alkaloids, which, on account 
of their high molecular weight, are semi-colloids. 
This property led many of the earlier investiga- 
tors into eiror, but may be put to account when 
working on the laige scale The icsidue left 
on evaporation of an alcoholic tincture of ergot 
18 extracted with light petroleum, to remove the 
fat. Xt is then dissolved in ethyl acetate and 
shaken with citric acid , sodium bi omide solu- 
tion then precipitates the mixed hydiobromidcs 
almost quantitatively. 9’he latter aie dissolved 
in dilute caustic soda, fiom whicli ethei removes 
only ergotimne The caustic soda solution is 
then neutralised, made alkaline with sodium 
carbonate and extracted again with ether 
The crude ergotoxine left on evaporation, to- 
gether with that from tlie mother licjuois of 
the ciystallisation of ergotiiime (see below), is 
dissolved m 80 p o alcohol and a slight excess 
of syrupy phosphoric acid in alcohol is added 
On standmg for a few days the ergotoxine 
phosphate crystallises in thin needles, which 
on lecrystalhsation fiom 50 parts of 90 pc 
alcohol may be transfoirncd into broad plates 
They aie soluble m 313 parts of cold and 
14 parts of boiling 90 p c alcohol By 
shaking with cold clLstilJed water a 1 p e solu- 
tion IS obtainable, winch is stioiigly opalescent 
and sets to a thick ]ellv on the addition of 
electrolytes Foi physiological cxpeiiments 
ergotoxine is best dissolved m dilute sodium 
hydroxide 

Ergotinine, although not physiologically 
active, may be consideicd heie The alkaloid 
left on evapoiation of its ethei eal solution 
(above) leaduy crystallises from absolute alcohol 
in needles, m p 229° (corr ), and having the 
composition CssHggOgNB It ls extremely 
soluble in cold chloroform, and dissolves in 
292 parts of absolute alcohol at 18° , in alcohol 
[a]D~~b338°; the solutions aro strongly fluores. 
cent. Prolonged boihng with alcohol lowers 
the rotation and produces an amorphous de- 
composition product. Heatmg m alcoholic 
solution with (lightly more than one eqmvalent 
of (phosphonc) acid transforms ergotimne mto 
ergotoxine phosphate which may be crystallised. 
The same change takes place slowly m cold 
dilute acetic acid. Conversely ergotoxine is 
dehydrated to ergotimne by boumg with methyl 
alcohol or bv warmmg with acetic anhydride. 

Both alkaloids give the following coloui 


reaction (Tanret). A solution of 1 m g. of the 
alkaloid in ether or m ethyl acetate is allowed 
to evaporate on the surface of concentrated 
sulphuric acid (containmg oxides of mtrogen). 
A transitory orange colour is developed changing 
to violet- blue Keller (Schweiz Woch Chem. 
i^harm. 1894, 32, 121) has improved this by 
dissolving 2-3 m g of the solid alkaloid in sul- 
phuric acid on a watch glass and stirring in a 
tiace of anhydrous feme chloride, when an 
orange colour is pioduccd, changmg to deep red 
and then becoming blue or green at the edges 
Alternatively the solution of the alkaloid in 
glacial aic'tic acid may be poured on sulphuric 
acid, without mixing The test yields a positive 
result with the crude alkaloid from 1 gram of 
ergot 

Both alkaloids are sensitive to general alka- 
loidal prccipitants, potassium mercuric iodide 
giving a faint opalescence with 1 part of alkaloid 
in 1-2 millions of water On dry distillation 
both alkaloids yield a ciystallme sublimate m 
25obutyryl formamide CH(0H3)/^^0 CO NHg 
(Baiger and Ewins, I c ) Ergotoxine probably 
contains a carboxyl group and ergotimne is 
the eoiTespondmg lactone Both contain one 
N-methyl group, but no 0-metliyl groi p (15aigcr 
and Ewms, Chem 8oc Trans 1918, 113, 
235) lOrgotimne does not yield any crystallme 
salts 

The total alkaloids of ergot (/ e ergotoxine 
|-eigotmine) may bo estimated by exhausting 
the finely powdered ding with light petroleum, 
mixing it with magnesia, (‘xti acting with ether 
and .shaking the ether with dilute acid After 
making alkaline with ammonia the alkaloids 
arc again shaken into other, and estimated 
gra VI metrically (Keller, I c.) For details and 
results of analysis, Allen’s Comm Organic 
Analysis, 1913, vol vn p 21 The alkaloidal 
content varies rouglily from 0 1 to 0 4 p e , and in 
Ru.ssian and Spanish ergot is geneially between 
0 2 and 0 3 p e Konig (Apot Zeitseh 1912, 27, 
879) found 10 samples of Ceiman ergot to 
contain 0 032-0 14 pc An appioximatc idea 
of the cigotoxmo content may be obtained by 
physiological means (liaiger and Dale, Bio-Chem. 
J ‘1907, 2, 240) 

In addition to a speeilit alkaloid, the active 
Tinneiples of ergot compiisc a number of simpler 
bases, derived from the ammo -acids of protein 
by loss of carbon dioxide Of these y8-iminazo- 
lylethylaminc (from histidine) and 71-hydroxy- 
phenylethylamine (fiom tyrosine) aie thera- 
jieutically the most impoitant They can be 
prepared synthetically and are also formed by 
putrefaction Their physiological action has 
been much studied of late and they have been 
applied practically 

Histamine {^-iminazolyldhylamme ‘ 4- 

^-aminoeth ylglyoxaline, crgamifie) 


CH=K 

I >C CH2 CH2 NH2 
NH-CH^ 


was obtained first synthetically by Windaus 
and Vogt (Ber 1907, 70, 3691) and then by 
Ackermann(Zeitsch. physiol, Chem. 1910, 65, 504) 
by the putrefaction of histidme Its intense 
physiological activity was not recognised until 
it was isolated from a commercial dialysed ergot 
preparation (Barger and Daie, Chem. Soc. Trans. 
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1910, 97, 2592). Kufcscher (Zentralb Physiol 
1910, 24, 163) isolated it simultaneously from 
ergot, but did not correctly identify it The 
substance is certainly prc^sent m eigot as such, 
but its amount may bo increased by such 
proce-sse^ as prolonged extraction and dialysis 
The base can bo obtained directly from histidine 
by putrefaction (D R. PP 2528724, 256116, 
Hoffmann, La Roche & Co, 1). R P 250110, 

F. Bayer & Co ; the yield is inconstant but 
may reach 60 pc or" more) Jt ma\ also be 
made from histidine by heating with acias (Ewins 
and Pyman, Trans Uhem Soc 1911, 99, 339, 
yield 25 p.c ) It is best obtained by reduction 
of the nitrile of iminazolylpropiomc acid (Pyman, 
Trans Chem Soc. 1911, 99, 668), which nitnle 
in its turn is obtained most convemently from 
histidine by the action of chloramine-T (Dakin, 
Biochem J 1916, 10, 322), although it may 
also bo synthesised, aceoiding to Pyman {I c ; 
cf also Koesslor and Hanke, J Amer ('hem 
tSoc 1918, 40, 1706) The most important salts 
are the phosp/iate i\H ^ 2H3PO4 forming large 
crystals, and the dipicrate 

C,H,N3(CeH30,N3)a 

yellow rhombic leaflets, m p 238°-242^ (corr ) 
The free base is readily soluble m water , its 
solutions give Pauly’s histidine reaction with 
sodium p-diazoben/ene sulphonate ; a very 
distinct rose-pink colouration is still obtainable 
at I 10,000 

Tyramine ( p- Hydro vi/ph en ylethylamme) 

OHCftH^CH, CH2NH2 IS similarly deiived 
from tyrosine by loss of carbon dioxide On 
a small scale it can bo obtained by heating 
tvrosme to 260°-270° under reduced pressure 
(Schmitt and Nasse, Annalen, 1865, 133, 211 , 
Ehrlich and Pistschimuka, Ber 1912, 45, 1(X)6, 
thus obtained a 50 p c yield) On a larger I 
scale it is best got by reduction of p-hydroxy- 
benzylcyanide according to Barger (Tians 
Chera Soc 1909, 95, 1123), who first isolated 
it from ergot It also occurs as a product of 
putrefaction (Barger and Walpole, J Physiol 
1909, 38, 343) The free base melts at 16 D 
and boils at 175°-180° and 8 mm. It dissolves 
in 95 parts of water at 15° and can be extracted 
from aqueous solutions by shaking many times 
witn ether, more readily by amyl alcohol It 
gives Millon’s reaction, the most characteristic 
derivative is the dibenzoyl compound 022^19^^3^, 
mp 170° 

Acetylcholine 

0H(CH3)3N CII2 CH2O 00 CH3 

occurs in ergot and ergot extracts in varying 
small amounts It was isolated by Ewins 
(Biochem J 1914, 8, 44) from a B P liquid 
extract. It is hydrolysed almost at once by 
rendering its solution alkaline with caustic soda 

Physiological action of the active principles — 
Ergotimne is inert, but ergotoxine causes, on 
intravenous or intramuscular injection, a pro- 
longed rise of blood pressure and contraction 
of the pregnant uterus. Repeated administra- 
tion leads to dry gangren«o, eg of the cock’s 
comb, which is coloured purplish black by small 
doses, a reaction used at one time for the testing 
of ergot preparations (for criticism v. Cronyn 
and Henderson, J Pharm exp. Therap 1909 
1, 231). Ergotoxine h. the poisonous principle 
YOT^ II.— T. 


responsible for epidemic ergotism (Robert 
attributed the two typos of this disease to the 
alkaloid cornutino and the resin sphacohnic 
acid, but both these substance^s seem to have 
been ergotoxine m an impure or modified form ; 
cf Barger and Dale, Biochem. J., 1907, 2, 240). 
^-Iimnazolylethylamine is one of the most 
potent of drugs, causing marked contraction of 
the isolated guinca-pig^s uterus in a bath con- 
taining I 25,000,000 p-Hydroxypbenylcthvl* 
amine resembles adrenaline in action, as in 
structure, but is much loss potent ; it causes a 
rather tiansitory rise of blood prtvssuro Acetyl- 
choline IS not a therapeutically desirable consti- 
tuent It has a muscanne-like action, inhibiting 
the heart, and stimulates intestinal muscle 
(Hunt and Taveau, Hygienic Bulletin, Washing- 
ton, No 73, 1911) In most ergot pieparations 
the amount is negligible For a detailed account 
01 the last three and most of the following bases, 
see Baiger, tlic Simjilcr Natural Bases, Long- 
mans, 1914 

In aildition to ;8-iminazolylethylamino, p- 
hydroxyjihenylethylaminc and acetylcholine, 
there liavo been found in ergot quite a number 
of other sul stances of bio-( hemical interest, 
which are not peculiar to the drug They are 
[ incit, or have only a sliglit jibysiologic al action 
Puttfseme and (Jadavn me (Rielander, Sitzber. 
Ges Naturw Mai burg, No 7, 1908), isoamyl- 
artiinc (Barger and Dale, Proc Physiol Soc , 
May 15, 1909), and agmatme (Kngeland and 
Kutschor, Zentralbl. Physiol 1910, 24, 479) are 
all amines, derived respectively from oinitbine, 
lysine, loiicmo and arginine, by decarboxylation 
Agmatme lias an action on the uterus like that 
of /3-imina/.ol3 lethylamine, but very much 
feebler It is guanidyl butyl ammo 

NH, ('( NH) NH (m> GH> CH, OH^NHo 

and Wtos first discoveiod in herring roe by 
Kossel (Zeitscb physiol Cliom 1910, 66, 257) 

A few amino-acids have also been found os 
such leucine (Buehheim, Ic), aspaitic acid 
(Bargci and Dale, Bioehcni J 1907, 2, 240), 
Icucmey isoleucincy valine {va,n8\yko, J Pharmac 
exp Therap 1909, 1,205) A mixture of these 
was described as an active pnnciplo, ‘ clavm ’ 
by Vahlen (Acrh exp Pharm Path 1906, 
55, 131) There are further present choline 
which gives nse to the odour of tnmethylamino, 
when ergot is treated with sodium hydroxide 
(Brieger, Zeitsch physiol ('hem 1887, 11, 184), 
(for acetylcholine, see ahove)^ betaine and nracil 
(Riekinder, Ic), vernine C,flH2(,08Ng,3H20, 
which also occurs in Icguramous seedlings 
(Schulze and Bosshard, Zeitsch physiol Chem 
1887, 10, 80), lathe acid, marinitol, trehalose^ 
phytostejols and/a^6 {see below) 

Inert constituents which so far have not been 
found elsewhere are ^ecale ammosidphonic acid 
GigHgeOisfNHalSOaH (Kraft, I c ), prisms, m p 
2()0°, soluble in water giving an acid solution ; 
ergothioneine C9Hj502N3S,2H20, isolated by 
Tanret (J Pharm (3him. 1909, [vi ] 30, 145) 
in an amount of 0 1 p c and shown by Barger 
and Ewins (Trans Cnera Soc 1911, 99, 23o6) 
to be the tnmethylbetaine of thiolhistidme ; 
secalonic acid 0i4Hi40ft, a crystalline yellow 
colouring matter, m p. 244°, present to the 
extent of about 2 p c (Kraft, I c) This sub- 
st«nce IS probably the lactone of an hydroxy 

2 T 
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acid, and possibly identical with sclerocrystallin 
(Oragendorff and Podwyssotzki, Arch. exp. 
Path. Pharm 1877, (), 174). Another crystalline 
yellow colouring matter Ci 5 H, 40 ,,H 20 , m.p. 
350°, after regeneration of a crystalline acetyl 
denvative, has been describee! by Freeborn 
(Pharm. J. 1912, [iv.] 34, 508) The most 
important colouring matter of ergot, sclerery- 
thnriy 18 not known m a pure condition It 
IS the cause of the deep purjihsh red colour of 
the outer cells of the gram and is valuable for 
the recognition of ergot m flour, &c. The 
substance is acidic, and apparently present 
a salt, for it is not extracted by ether until the 
ergot has been moistened with water containing 
tartanc acid It is soluble in aqueous alkalis 
with a red colour. Chvicepsin CjgH 340 ig, 
mp 198° when anhydrous, + 142 27°, 

was extracted from ergot by Marmo-Zuco and 
Pasquero (Gazz ‘-him ital 1910,41,308) It is 
hydrolysed by acids to two molecules of glucJose 
and one of mannitol The oil is quantitatively the 
most important constituent (mostly 30-33 p c ) 
and has been examined by Rathje (Arch Pharm 
1908, 240, 692), who found D.—O 9250,71^^=1 4085 
saponification number 179 3, acid number 11 38, 
iodine number 74 0, Hchner number 90 25, 
Reichert- Meissl number 0 03 and true acetyl 
number 27 44 The percentage composition 
IS oleic acid 08, hydroxyoleic acid 22, jialmitic 
acid 5, unsaponifiable matter 0 35, moiganic | 
matter 0 2, alkaloid 0 0, and glycerol 7 5 

Ergo^tnol 027 H420,H20, m p 105°, and 
fungistcrol C26H4oO,H20, m p 144°, have been 
separated by Tanret (Compt rend 1908, 147, 
75). The second at least seems to exist in other 
fungi. 

The detection of ergot in flour is based on 
the ])resence of alkaloids and of sclererythnn, 
and on the fact that the ergot particles float | 
when the flour is shaken with an alcohol- ^ 
chloroform mixture of density 1 435 After 
pouring off, alcohol is added, when the ergot 
sinks and can be examined microscopically 
For furtlier detads, see Allen’s Commercial 
Organic Analysis, vol vii , 1913, p. 23, and 
Marmo-Zuco and Ouccim (Ca/z. chim. ital. 
1914, 44, 437) 

For a critical discussion of the ergot prepara- 
tions of the British Pharmacopceia, see Carr and 
Dale (Pharm J 1913, [iv.] 37, 130) It should 
be noted that ‘ ergotin ’ is not a pure substance, 
but a punfied soft extract The varying activity 
of different extracts should be controlled by 
physiological test G. B. 

ERGOTINE V . EiiaoT of rye. 

ERGOTININE v Ergot of rye. 

ERICA B V Primuline 

ERIC IN. Trade name for salicylic mothoxy- 
OH 

methyl ester q 

ERICOL. Guaiacol acetate. 

ERICOLIN is found in several plants belong- 
ing to the order EncaceeSy especially in the herb of j 
the marsh wild rosemary, Ledum q>alnstre (Linn ) | 
(Rochleder and Schwarz, Annalen, 84, 368), less | 
abundantly in the common heath or Img, Calluna 
mdgaris (Salisb ) (Rochleder, ibid 354), in Rhodo- 
dendron ferrugtneum (Linn ) (Schwarz, tbtd. 361), 
and in the red bearberry, Ardostaphylos Uva^ursi 
(Spreng ) (Kawalier, Sitz. W. 9, 29). 


> To prepare it from L palustre, the chopped 
, leaves are thrown into boilmg water and boiled 
for several hours. The filtrate obtamed after 
addmg basic lead acetate to the liquid is evapo- 
rated in a retort to one-third of its bulk In 
Thai’s modification of this process (Ber. 16, 
1502), the liquid is concentrated in vacudy the 
separated lead salt filtered off, and the liquid 
freed from lead by hydrogen sulphide. The 
filtrate is then evaporated to a syrup, and the 
ericolm dissolved out by anhydrous ether alcohol. 
The substance left on evaporating this solvent is 
repeatedly dissolved in a mixture of ether and 
alcohol till it no longer leaves any residue 
(Rochleder and Schwarz). 

On heating the mother liquor obtained in the 
preparation of arbutin from the leaves of red 
bearberry with dilute hydrochloric or sulphuric 
a( id, ericolm is deposited as a resinous precipi- 
tate, which may be punfied by solution m 
alcohol and precipitation by water (Kawalier) 

, Rochleder and Schwarz, after deducting 
10 0 p.c ash, found ericolm to contain 51*71 p c 
carbon and 7 19 hydrogen, whence they deduced 
its formula to be O 34 H 54 O,, (51 00 0 and 7 00 H). 
j Thai (/ r ), after separating an admixed sub- 
stance (containing 57*5 p c carbor and 7 29 
I hydrogen), which was insoluble m ether alcohol, 

I from ericolm, assigned to the latter body the 
( formula C 2 gH 2403 , out subsequently altered it to 
OjgHgoOg to explain the decomposition equations 
of the substance. Ericolm, as prepared by Thai, 
IS a brown-yellow, odouiless, hygroscopic, bitter 
substance decomposing even below 100°. It is 
decomposed by water. By extracting succes- 
sive! v with benzene, chlorofoim, and a mixture 
of ether and alcohol, different substances go into 
solution ; it appears that the ericolm is thus 
broken up into a sugar and ericmol With 
dilute sulphuric acid warmed to 100 °, a sugar 
and a resinous brown-yellow viscid mass, hy- 
droericinol, are produced. An analysis of the 
latter body gave numbers corresponding with 
the formula ^^(CgHigO^), subsequently modified 
to xiC,K,oO,). 

The equations representing these decompo- 
sitions are as follows ; — 

^2 6^3 0^ 3 "k H 2 ^ ~ ^ 6 ®- 1 2^ 6 ^ 2 0^ 26^ 
Ericolm Ericinol. 

C2oH2eO+7H20=2(C,oH2o04) 

Hydroericinol. 

, Power and Tutm, however, could not isolate 
ericolm by Thai’s process, and they found that 
enemol was identical with furfural (Chem. 
Zentr 1907, 1 916) 

Thai also isolated ericolm from Calluna vul- 
garis (Salisb ), and recognised it by the smell of 
ericmol m many Ericacece and Vaccimece. 

Kanger extracted ericolin from the leaves of 
the cowberry ( Vaccinium vitis idcea) by means of 
ether alcohol. It was then nunfied by precipi- 
tating foreign substances with lead acetate, and 
removmg excess of the latter with sulphuretted 
hydrogen The substance so obtained was of a 
resinous nature, completely soluble m ether 
alcohol, and corresponded with the composition 
^^i 6 H 250 io (Chem. Zeit. 1903, 27, 794). Encolin 
is probably not a chemical individual, but con- 
sists of a mixture of glucoside-like substances. 

Encolin is poisonous towards many micro- 
organisms, particularly ..hose belonging to the 
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colon group, but has no action on acid-fast 
bacilh. Twort (Proc. Roy. Soc. 1909, B. 81, 
248) has used it as a medium for the isolation 
and culture of human tuberculous bacilli from 
sputum. 

ERIGERON CANADENSE IS an oil con- 
sistmg of a terpene boilmg at 176°, which, when 
pure, has sp.gr. 0 850-0 870, and an optical 
rotation It is soluble in an equal volume 

of alcohol, and rapidly resinifies The com- 
mercial oil has sp gr. "O 8549-0 8903 , optical 
rotation, +28° 48' to 84 20° ; and b p. 172°-178° 
(Kepler and Pancoast, Amer J. Pharm 75, 216). 

According to Rabak (Pharm Review,, 1905, 
23, 81 ; 1906, 326), the oil obtained fiom the 
fresh herb (0 66 p.c.) is of a bright-yellow colour 
with a peculiar odour like that of caraway. 
On exposure to air, it deposits crystals, and a 
brownish resinous mass is formed. The oil 
from the dried herb (0 26 pc) was darker m 
colour, had a powerful aromatic odour, and gave 
no crystals when exposed to air. It also dilfered 
from the fresh herb oil in sp gr , optical rotation 
and other charac tens tics In all probability, 
the terpeneol found m erigeron oil is a decom- 
position product The oil absorbs two nioh'- 
cules of hydrochloric acid to form a solid di- 
hydrochlorido CioHie’^HCl, melting at 47°-48° 
(Beilstein and Wicgand, Ber 15, 2854 , Wallach, 
Annalen, 227, 292) 

ERINOID. See Galaltth 

ERIOCOCCUS CORIACEUS. This is a scale 
insect consisting of a small pinkish -white sac 
occumng in clusters, and which encase the stems 
of young shoots of the Eucalypti, more especially 
those on old or burnt stumps These insects 
contain a colourmg matter which dyes wool 
mordanted with chromium, aluminium, tin, 
and iron, brown, light amber, pale orange- 
brown and sage-green shades respectively. 
The colours thus obtained are not specially 
brilliant, and are not fast to alkalis (Gurney, 
Report of the Australasian Association for the 
Advancement of Science, 1898). A. G P. 

ERIOGLAUCINE. The trade name of the 
dyestuff obtained by condensing benzaldehyde- 
o-sulphonic acid with ethylbenzylanilincsul- 
phonic acid (J Soc Chem Ind of Basle, Eng 
Pat 25128 ; Gnehm and Schulo, Annalen, 299, 
347) 

ERODIAMINE hght yellow 

plates, m p 287°, and rutaccarpine CigH^^ON^, 
fight yellow needles, m p 258°, occur in the fruit 
of Erodia rutaejcarpa (Asahina and Kashiwaki, 
J. Pharm. Soc Japan, 1915, No 405, 1293 ; 
Asahina and Maycda, tbtd. 1916, No 416, 871 ; 
Amer Chem Soc. Abetr. 1916, 607 , 1917, 332). 
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The annexed constitutional formulae have 
been assigned. Perhaps they are not fully 
established, but they are of considerable interest 
as showing that the alkaloids are derivatives of 


indole ; they also show a relation«<hip to harma- 
line and harmine. On boiling with alcoholic 
hydrogen chloride erodia mine (1 ) is converted 
into isoerodiamme C,9Hi7()N3,H20, m p 155°- 
156°, and this is decomposed by alcoholic potash 
into carbon dioxide, N-mcthylanthiamlic acid 
and a base CioHi2N2, m p 120°, which has been 
identified as 2-)8-aminoethyl indole. Isoerodi- 
amine is regarded as 


HN CeH4 CH : C CHg CITa N CO N(Me) CHOH 


Rutaccarpine (TI ) is similar to erodiamme, 
but more soluble m alcohol , hot potassium 
hydroxide m ammonium hydi oxide yields 
authraiiilic acid, and an unidentified product, 
which on fusion with potassium hydroxide, 
like the base OioHjjNa from erodiamme, yieldn 
2-indole carboxylic acid G. B. 

ERUBESCITE v . Bornite 
ERUCIC ACID A homologuc of 

acrylic acid obtained," together with oleic acid, 
by the saponification of the fixed oil of white 
mustard It was found together with behenic 
acid by Goldschmiodt (Sitz W 70, 451) in the 
oil expressed from black mustard,' and by Fitz 
(Ber 1871, 442) in the fat oil of grape seeds It 
IS best obtained by saponifying’ rape oil (from 
Brdssica campeM) IS, Lmn ) with alcoholic potash 
distilling off the alcohol and dissolving the acid 
liberated on the addition of sulphuric acid in 
three times its volume of 95 p e ale ohol , on 
cooling to 0°, crystals of erucic acid separate out 
in an almost pure condition (Reimer and Will, 
Ber 1886, 3320). It may be obtained by 
saponifying colza oil, freeing the erucic acid 
from arachidic acid by treatment with glacial 
acetic acid, in which the latter is insoluble 
(Ponzio, Gazz. ehim ital P)()4, ii 50) It is also 
present m cod liver oil (Bull Ber 1906, 3570) 
Eiucic acid crystallises m colourless needles, 
m p 34° ; bp 281° at 30 mm Heated witli 
phosphorus oxychloride, it forms an anhydride 
044Hg203, an oil which may bo crystallised m a 
freezing mixture By treatment with nitrous 
acid, or better, by warming erucic acid with 
dilute mtric acid to tho melting-point and then 
adding sodium nitrite, brassidic acid (bra^ssic 
acid) Ls produced 9’lus acid stands to erucic 
acid in the same i elation as elaidic to oleic acid 
Of Mascarclli, Atti R Accad Lmcei, 1917, [v ] 
26, 1 71 Fused with potcosh, erucic acid yields 
aradic (arachidic) and acetic acids Concen- 
trated nitric acid converts erucic acid into bras- 
silic acid (C13H24O4), pelargomc acid, arachidic 
acid, and a small quantity of (hmtiononano 
(Filoti and Ponzio, J. pr. Chem [2] 48, 323), and 
concentrated sulphuric acid into behcnolactone 
(Shukow and Schestakow, Chem. Zentr 1908, 
11. 1415) With hydriodic acid and amorphous 
phosphorus, it is converted into behemc acid 
(Gol^chmiedt, J. 1876, 579) On treatment 
with phosphorus tnodide, lodobehemc acid is 
obtamed, which on treatment with alcoholic 

r otash, yields *«o-erucic acid, m p 54° (Ponzio, 
c ) Erucic acid is converted into behenic acid 
by heating with iodine in a sealed tube for 
4 hours at 270° (Reychler, Bull Soc chim [3] 
1, 296). When bromine is added to erucic acid 
under water, a dibromide C22H42Br202 is pro- 
duced. It crystallises from alcohol in small 
white nodular crystals, m p 42°- 13°, and is 
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1 educed to enicic acid by Bodium amalgam in 
alcoholic solution. Its banum and lead salts 
(^^ 2 2 ^^ and ( 0221141 ^^ 2 ^ 2 ) 2 ^^ are 
white, viscid, easily decomposable precipitates 
(Otto, Annalen, 127, 182 , 135, 22()). Erucic 
acid dibromide heated in scaled tubes to about 
145° for 7-8 hours, with 4 or 5 mols potassium 
hydroxide m alcoholic solution, yields the potas- 
sium salts of behenolic acid 

2HBr) 

(Holt, Bcr 1892, 961). Behenolic acid, on 
treatment with zinc-dust and acetic acid, yields 
brassidic acid and not crucic acid At ordinary 
temperatures, only 1 mo] of liydrobromic acid 
IS abstracted by potash m alcoholic solution , 
monobromerucic acid C 2 2 H 4 iBr 02 is formed, 
with rise of temperatuie and separation of 
potassium bromide. On diluting the solution 
with water and adding hydrochloru' acid, the 
acid separates as an oil which soon solidifies It 
melts at 33°-34° and lemams liquid for a long 
time It 18 heavier than water, and insoluble 
therein, but dissolves readily m alcohol and 
ether. It unites with bromine, forming a di- 
bromide C 22 ll 4 iBr 02 'Br 2 , which melts at 
31°-32°, and forms amorphous viscid salts 

When erucic acid dibromide is triturated with 
water and an excess of silver oxide, and heated 
until it turns brown and evolves hydi ogen bromide, 
the mass, on boiling with water, yields a yellow 
oil which IS a mixture of liquid hydroxyerucic acid 
O 22 H 42 O 3 and dihydroxybchenic acid C 22 H 44 O 4 
The latter partially crystallises out on long 
standing For complete separation, the washed 
oil is saponified with baryta water ; the precipi- 
tate IS exhausted with ether and the dissolved 
barium hydroxyerucate is decomposed by hydro- 
chloric acid The hydroxyerucic acid, which 
separates as a colourless oil, is purified from 
alcohol It 18 viscid, lighter than water, in- 
soluble therein, but miscible in all proportions 
with alcohol and ethei. Its salts C 22 H 41 O 3 M 
are amorphous All excepting those of the 
alkali metals and barium are insoluble in water. 
Hydroxyerucic acid may also be formed from 
monobromerucic acid by the action of silver 
oxide Boiled with potash lye, it is converted 
into dihydioxybehemc acid (Haussknecht, 
Annalen, 163, 40) Di hydroxy behcnic acid, 
mp I32°-133°, IS also obtained by the oxida- 
tion of erucic acid with potassium perman- 
ganate (Hazura and Grussner, Monatsh 9, 947) 
Sodium erucato C 22 H 44 Na 02 is soluble in alcohol, 
and gives precipitates of lead and barium 
orucates on the addition of an alcoholic solution 
of the acetates of these metals The silver salt 
is a curdy precipitate, which becomes coloured 
on exposure to light. 

Ethyl erucate C 22 H 4 d 02 H5)02 is a colourless 
oil boiling above 360° without decomposition. 
The amide C22H4^0(NH2), m p 84° (Reimer and 
Will, / c ), m p. 78°-79° (Krafft and Tntschier, 
Ber. 1900, 3580), and the aniUde, m p. 55°, are 
cr3rstallme bodies readily soluble in ether or 
benzene, sparingly soluble m alcohol. 

ERUCIN. A crystalline body said to exist 
in white mustard seed. It is msoluble m water, 
sparingly soluble in alcohol, easily in ether or 
in oils (Simon, Pogg Ann 64, 593) 

Dierucin Cj,H50H(C22H4402)2 When rape 
oil^is allowed to stand for a long time, a yellowish 


tallow-like deposit is found frequently in the 
casks This, repeated solution in ether and 
subsequent addition of alcohol, may be obtamed 
in silky needles Dierucin melts at 47° and is 
readily soluble in ether and light petroleum, in- 
soluble in cold but soluble in hot alcohol A 
tnerucm could not be separated fiom rape oil, 
but was obtained by heating dierucm and erucic 
acid at 300°, m p. 31° (Reimer and Will, I c ) {v. 
Oils and Fats) 

ERVASIN. Trade name for acetyl p-creso- 
tmate 

ERYTHRENE. See Butinene. 

ERYTHRIN, Krythnc acid, Erythrinic acid, 
Erythrolecanonc and 02oH220io»H20, is a con- 
stituent of most lichens from which arclul 
IS prepared It was discovered by Hceren 
(Schweigger’s Jour f Ohem. 59, 513) in Mocella 
timtoria (D C ), from which lichen and several 
others of the same genus it may be extracted by 
boiling water, or better with milk of lime (cf. also 
Kane, Stenhouso, and Hesse (/ c ) ; Schunck, 
Annalen, 61, 69 ; De Liiynes, Annales de Chim 
[4] 2, 385 ; Menschutkin, Bull Soc chim. [2] 
2, 424) 

The method adopted by Stenhouse to prepare 
this substance from the Rocella fucif jrmis is as 
follows (Annalen, 68, 72, and 149, 290) Three 
pounds of the lichen are maceiated for 20 minutes 
m a milk of lime made by shaking J lb of lime 
m 3 gallons of water, and the pioduct filtered by 
means of a bag filter The clear liquid, as it 
passes through, is immediately precipitated 
with hydrochloric acid, os prolonged contact 
with the lime decomposes part of the erythrin. 
The crude erythiin collected on bag filters is 
freed from acid and (‘alcium chloride oy stirring 
it up once or twice with a considerable quantity 
of water and again collecting 

Erythrin forms small colourless needles, 
melting at 148° (Hesse, Ber. 1904, 37, 4693), and 
not at 164°, as stated by Ronceray (Chem. 
Zentr 1904, 11 1504), and is sparingly soluble 
in water, easily soluble m alcohol, ether, and 
alkalis Alcoholic feme chloride gives a purple- 
violet colouration, which passes to browmsh-red 
on addition of excess of the reagent 

When boiled with water, erythrin gives (a) 
orsdltmc acid and {b) picro- erythrin (Schunck, 
Annalen, 61, 65) 

C2oH2204o+H20=(a) 08H304+(&) 042HieO, 

whereas by boiling with alcohol, picroerythnn 
and orsfllimc acid ethyl eMer (c) are produced 
(Heeren, I c ; Kane, Annalen, 39, 25) 

C20II22O1 0 + C2H5OH =(c) C 8 H 7 (CaH 5)04 + CiaHieO, 

With amyl alcohol, a similar reaction occurs 
Mrith formation of {d) amylorsdlinate and picro- 
erythrin (Hesse, Annalen, 139, 22) 

C2oH22Bio + C5Hi20=(d) C8H7O4 CgHji-f CigHieO^ 

On the other hand, excess of lime water (Lam- 
parter, Annalen, 134, 255) gives orem, COg, and 
erythrito 

Tribromerythrin 2C2oH43Br30iQ,3H20 (Hesse, 
Annalen, 117, 310 ; and ibid 139, 32) consists of 
white crystallme spherules which cake together 
a little above 100° and melt at 139°. Boiled 
with alcohol, it is resolved into ethyldibrom- 
orseUinate and hrompicrot.rythrtn. 
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Picroerythnn or erythro-orseUmic acid 

forms colourless prisms, melts at 158°, is readily 
soluble in hot water, and gives with feme chloiide 
a purple-violet colouration. It appears to be 
most readily obtamod pure by He^sse’s method 
of boiling erythrin with amyl alcohol (I c ) 

Digestion with hot baryta water converts 
picroerythnn into CO 2 , orcin, and erythrite 

The experiments of de Luynos, Menschutkin, 
and Hesse have confirmed the view first put 
forward by Berthelot, that erythrin is the mmio- 
Iccanonc ester (1), and picroerythnn the mono- 
orseUmic eder of erythnie (2). 

According to Hesse (Ber. 1904, 37, 4693), 
erythnn contains a free carboxyl group, and 
must therefore be represented as follows — 

C4H8(0H)3 0 GgHoCOHjCO 0 GeH^COHjGOOH 

CH 3 iiij 

whereas picroerythnn has the foimula 

0 CH2(CH 0H)2 GH 2 OH 

G6H2(0H)G00H 


in 1832, from €pudp6s, red The same name was 
also used by T Thomson in 1843 for a flesh- 
red variety of orthoclase-felspar 

ERYTHRITOL. Eiythroly Erythiomannitc^ 
Erythnte (v Garbohyduates). 

ERYTHRODEXTRIN v Dextrin 

ERYTHROL NITRATE v. Synthetic drugs. 

ERYTHROPHLEINE G23H43O.N (?) is an 
amorphous alkaloid fiom Sassy oark of Ery- 
throphloeum gumeensc, (1 Don, a laigo legu- 
minous tree from the West Coast of Africa 
Tlio bark is used as an arrow jioison and in 
01 deals, and is also known as Casca, Bed watei, 
or Mancona bark. The alkaloid yields only 
amorphous salts, and is the only known one 
having a digitalis-like action on tho heait 
Heated with concentrated hydrochlone acid 
it IS hydrolysed to methylamino and an amor- 
phous acid Erythrophleine hydrochloride' is 
used to a limited extent in medicmo (Gallois 
and Hardy, Bull Soc chim 1876, 26, 39 , 
Harnack, Chem Zentr 1897, 1 301 , Bower 
and Sal way, Amer J Bharin 1912, 84, 337) 

G B 

ERYTHROSIN ( Tetraiodojluorescein) 


On tho othei hand, Zerner (Monatsc h , 1914, 
35, 1021) considers that the structure of 

erythrin is best represented thus 


I 

\-00— 0— C,H,(0U)2-~0~;/ \-cooh 

1 ^1 

OH OH 

^-Erythrin G^iH^^Oig is prepared by the 
action of lime water on some varieties of the 
R faciformis (Menschutkin, I c) It is a white 
ciystallme powder ; nip 115*^-116° (Lampartei, 
Ic) , nearly insoluble in watei, soluble in alcoliol 
and ether with violent evolution of GO, Boiled 
with watei, orsellimc acid, and ^-picioerythrm 
are produced , with alcohol, the latter body to- 
gether with cthylorselhnate 

^-Picroerythnn GigHieOio crystallises in 
needles, very soluble m water and alcohol 


IS prepared by electrolysing a mixture of lluort'S- 
cein (1 part) and finely powdered iodine (I 5 
parts) in soda solution The vessel is provided 
with a diaphragm, and tho fluorescein mix- 
ture occupies the anode space, whilst a dilute 
solution of soda or sodium hydroxide foims tho 
kathode hciuid (D B B 108838, 1899, (^hcni. 
Zentr 1900, 1 1176, cj also Brdl. 1877-87, 
315) 

Tho commeii lal product is a red-brick jrowder 
dissolving in dilute alkalis without any maiked 
fluorescence It can bo puiified by dissolving 
in aqueous ethei, liltcimg and shaking with 
dilute sodium hydroxide 94ie sodium salt is 
precipitated by tho addition of stiong alkali, 
and, after liltcimg, washing, and recrystallisation 
from alcohol, it is dissolvi'd m watei, and the 
free erythiosm is libeiated by treatment with 
hydrocliloiic acid (Mylius and Foei*ster, Ber 
1891, 24, 1482) When pure, it is of a lighter 
colour than the impure product, almost in- 
soluble m absolute ether, benzene, or chloro- 
form, but more readily so in acetone, alcohol, 


Boiled with baryta water, it is resolved into GOg, 
erythnte, and ^-orcinol (Menschutkin) 

According to Hesse (l c ), it is probable that 
i8-erythrin is not a chemical individual, but 
consists mainly of erythnn, the properties of 
which are modified by the accompanymg 
impurities. A G. B 

ERYTHRITE or Cobalt- bloom. A mineral 
consisting of hydrated cobalt arsenate, Go 3 (As 04 ), 
bHgO, crystallising in tho monoclimc system 
and isomorphous with tho iron salt viviamto 
Sometimes, as at Schneeborg m Saxony, it 
occurs as beautiful radially- arranged groups of 
blade-shaped crystals with a bright crimson 
colour and brilliant lustre. More usually, 
however, it forms an earthy, peach- blossom red 
encrustation on other cobalt minerals, of which 
it IS an alteration product It has been found 
in the Dolcoath mine in Gomwall, Thuringia, 
AUemont in France, Gobalt m Ontario, Ghile, j 
&c The name was given by F. S. Beudai.t, | 


and aqueous ether The colour of erythrosm 
fades under the influence of light and of hydrogen 
pel oxide, particularly in the presence of poUus- 
sium hydroxide (Zeitsch Farbemndustr B908, 
7, 299). Light also causcvS it to act haunolyti- 
cally in photodynamic reactions (Sacharow and 
Sachs, Ghem Zentr 1905, 1 1420) 

Erythrosm consideiably enhances the action 
of hght in its influence on bacteria (Mettlei, 
Ghem. Zentr 1905, 11 1037 , Huber, ibid 1906, 
1 148 , Saehaiow and Sachs, I c ) Erythrosm 
IS employed m the cotton and paper industries , 
and Thouert (Gompt rend. 1909, 148, 36) has 
attempted to apply it to colour photography, 
but with little success so far (c/ also Stark, 
Bhysikal Zeitsch 1907, 8, 248) , it has also 
been used as a sensitiscr m photo-electric experi- 
ments (Schlenderberg, J Phys Ghem 1908, 12, 
674) pud as an indicator m analysis (Mylius and 
Foerster, l.c . ; J. Amer. Ghem. Soc. 1899, 21, 
^59). 
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Eiythrosin is often mixed with rose Bengal 
(tetraiodochlorofluorescein) to suppress its 
duorescence, and with common salt to increase 
its solubihty. The former mixture is often used 
in France to colour foodstuffs, but the presence 
of rose Bengal in erythrosm is forbidden in 
Amenca. Jean (J. Soc Chem. Ind. 1908, 70) 
gives a method for testing and estimating rose 
Bengal in erjdhrosm. 

Silver erythrosm^ which is of an intense blue 
colour, IS prepared by dissolvmg 1 gram of 
erythrosm in 400 c c water, adding 7 1 c c. of a 
10 p c solution of potassium biomide, and then 
12 cc. of a 10 pc silver nitrate solution It 
forms a colloidal solution which becomes 
‘ npened ’ on wai ming or standing for a few 
days, depositing a very fine sediment which has 
a pure blue colour in transmitted light (Luppo- 
Cramcr, Zeitsch Chem Ind Kolloide, 1907, i 
227 ; 1908, 2, 325) 

The sodium or potassium salt is sometimes 
known as ICrythrosm B, Pyrosin B, lodeosin 
Dianthme B, Eosin J , &c 

ERYTHROXYANTHRAQUINONE 
IS produced, along with an isomeiic hydroxy- 
anthraquinone, by the action of phthalic ari- 
Iiydride on phenol, in pieseiice of sulphuric acid, 
Cg II 4(13 + (ygHgO = H 2O C 1 4H3O3 Salicylic 

acid, anisole, and even anisic acid behave in the 
same way as phenol. The two hydroxyanthra* 
qumones are separated by boiling with water 
and barium carbonate , erythroxyanthr4iqui- 
noiie IS unaltered by this tieatment, wheieas 
m the case of the isomerido a soluble baiium 
compound is formed 

Erythioxyanthraqumono may also be pre- 
jiared from aminoanthraqumone, dissolved in 
acetic acid to which a little sulphuric acid has 
been added, by adding potassium nitrite till the 
folution becomes yellow After a short time, 
on adding water and boiling, yellow flakes of 
erythroxyanthraipimone separate, and increase 
as the acetic acid evaporates (B R. P 97688 , 
Rower, Bcr 1882, 15, 1793 , Perger, J pr Chem 
[2] 18, 147). 

It IS also formed by oxidising the ammo-salt 
with fuming sulphuric acid (D R P 670G3 , 
Frdl. ill 203) , or by heatmg erythroxyanthia- 
qiunone acid 270° (Birnkow, Ber 

1887, 20, 2438), and by heating anthraquinone- 
a-monosulphomc acid with a mixture of alkali 
hydroxide and a salt of an alkaline earth metal 
under pressure (Fr. Pat 336867 , J. Boc. Chem. 
Ind 1904,438, ibid 1905,841). 

Erythroxyanthraqumone crystallises from al- 
cohol m gioups of pomegianate-yellow needles, 
more soluble m hot than in cold alcohol It 
melts at 173°- 180° (Baeyer and Caro), at 190° 
(Liebermann), at 191° (Romer) It begins to 
sublime at 150°, and condenses to form line 
needles, reddish-yellow m colour, like alizarin 
It IS almost insoluble in dilute ammonia, and 
only slightly soluble m strong ammonia With 
lime or baryta water it gives a dark-red, almost 
insoluble lake, decomposable by carbon dioxide 
The absorption spectrum of a sulphuric acid 
solution of erythroxyanthraqumone differs from 
that of its isomeride, hydroxyanthraqumone ; 
the latter body is also more easily converted 
into ali/arm by fusion with caustic ; otash 
than the former (Baeyer and Caro, Ber. 7, 
986). 


Nitric acid oxidises ethythroxyanthraquinone 
to phthahe acid. 

When sodium erythroxyanthraqumone sul- 
phonate is heated with bromme and water at 
120°-123°, 2 . 4i-dibiomo‘l -hydroxyanthraqumone 
18 formed, crystallising m reddish-yellow needles, 
m.p. 233°. When heated with p-toluidine at 
80°-100°, this bromine derivative loses the 
bromme atom m the -4- position, and is con- 
verted into bromoquimzarm blue 

HBi(OH)(NHC,H,) 

which crystallises in blue needles, giving a green 
colouration with sulphuric acid (D. R. P. 
127532, 1902). 

Erythroxyanthraqumone forms an acetate 
C16H10O4, yellow needles, mp 176°-179° 
(Liebermann and Hagen, Ber 1882, 5, 1804) 

The constitution of erythroxyanthraqumone 
has been established by Liebermann (Ber 10, 
611 , 11, 1611), who synthesised it from a reduc- 
tion product of quimzarm, hyclroxyhydro- 

anthranol 

which the hydroxyl-group m the benzene nucleus 
occupies the ortho- position Frand^ (Ber 12, 
237) was also able to show that m mcthyl- 
hydroxyanthiaqumone, a derivative of ordinary 
hydioxyanthraqumone, the hydioxy 1-group was 
m the para- position, and hence, m the isomeric 
erythroxyanthraqumone, the hydroxyl- group 
must be m the ortho- position with legard to 
the ketone group. Erythroxyantliraqumone is 
therefore 0- hydroxyanthraqumone (v Alizakin 

AND ALLIED COT-OUIiESra MATTERS) 

ESCALIN, Trade name for a paste of 
aluminium powder and glycerol 

ESERAMINE, ESERIDINE, ESEROLINE v 

Ordeal Bean 

ESERINE or PHYSOSTIGMINE 

NHMe CO-NHC43 Hj 5N OH 

(Herzig and Moyer, Monatsh 1897, 18, 389 , 
Heubner, Chem Zentr 1905, u 1111 , Straus, 
Ann 1913,401, 350; 1914, 406, 332, the most 
ri'ceiit work is by Polonovski and callaborators, 
c q pait viii Bull Soc. chim 1918, 23, 356) is 
the most important of the alkaloids occurrmg 
m Calabar Dean, m the seed oi which it 
was first found by Jobst and Hesse, m 1864 
(Annalcn, 1864, 129, 115, Hesse, ibid 1867, 
141, 82). 

It IS present m vaiiable amount (0 04-0 27 
p c Carr and Reynolds, Pharm J 1908, 542), 
and may be extracted by shaking the powdered 
seed with warm alcohol contammg about 1 gram 
of tartaric acid per litre The alcohol of the 
extract is distilled off and the residue is taken 
up with water, filtered to remove resinous matter 
and repeatedly shaken with ether until the latter 
ceases to bo colouicd The aqueous extract is 
then made alkalmo with sodium bicarbonate and 
finally repeatedly shaken out with ether On 
evaporation, the alkaloid separates m scaly 
crystals which may be purified by recrystallisa- 
tion from ether. 

Eserine forms thin rhomboidal, colourless 
lamellsc, m p 105°- 106°, which gradually assume 
a rose tint and even a yellow colour when 
exposed to air. It is span igly soluble m water. 
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but readily so in alcohol, ether, chloroform, 
benzene, and carbon disulphide. Eserine is 
I 00 VO -rotatory, its specific rotation varying 
between — 82^^ and - - 1 20°, depending on the 
solvent employed (Petit and Polonovski, Bull. 
Soc. chira. 1893, 9, 1008 , cf Orloff, Chcin. 
Zentr. 1897, 1 . 1214). Polonovski and Nitzberg, 
Bull Soc chim 1915, 17, 235 et seq , idem 191fi, 
19, 27, 46 

When eserine is Lsolated in the form of its 
salicylate, the base liberated with sodium car- 
bonate, extracted with ether, and finally allowed 
to crystallise fiom a mixture of benzene and 
petroleum, it separates m stout prisms, m p. 
86°-87°, [a]j) --75 8° By recrystallismg in the 
presence of a crystal of Petit and Polonovski’s 
modification, m p 105°- 106°, it is completely 
converted into the latter, and has [a]|^— 75 8° ; 
the alkaloid is therefore dimorphous (Salway, 
Chem. Soc. Trans 1911, 2151) 

When eserine or its salts are distilled with 
caustic potash in a cuirent of hydrogen, methyl- 
amine and caibon dioxide are amongst the 
products of decomposition, whilst the residual 
liquid contains eserohne, a colourless crystalline 
body, which turns red by the action of moisture 
Eserolinf is also formecl, together with methyl 
carbamide, when eserine ls heated in a sealed 
tube with alcoholic ammoma at 150° When 
heated with aqueous potash in presence of air, 
eserine yields riihreseruie red 

noodles , these, in alkaline solution, aie gradually 
converted into eserine blue, which, accoichng to 
Ehionberg (Chem Zentr 1894, 11 439), is a tiuo 
dye, colouimg wool and silk without mordants. 
The constitution ot eserme blue is not known, 
c / Salway, (5hem Soc Trans 1912, 986 It ls 
not poisonous, but it has a paralysing effect on 
the heat t and central neivous system of the fiog 
(Heubner, I 0 ). 

Salts of eserine. Esenne buhcylate 

CeH^(OH)COJl,Ci6H2iO,N3 

forms slightly bitter, colouile^ss, stout prisms, 
m p. 180°-181° (Salway), soluble 111 150 jiaits 
of cold and 30 parts ot boiling waU*r, in which 
it forms an acid solution , it is more readily 
soluble m alcohol and in chloroform 

Eserine metacresofate {melahydroxyloluate) 

Cyi3{OH)MeCO,H 

m.p. 156°-167°, is prepared by mixing ethereal 
solutions of metacresotic acid and of eserme 
Eserine benzoate, m p. 115°-116°, soluble m 
four parts of cold watoi, and eserme hydrogen 
citrate, are prepared similarly The two 
former are not deliquescent, and yield neutral 
aqueous solutions , whereas the latter, and also 
normal esenne tartrate, prepared by dissolving 
eserine in tartano acid and crystallising ovci 
sulphuric acid, are very deliquescent (Petit and 
Polonowsky, Ic), The niethiodide forms deli- 
quescent yellow prisms, m p 100° (decomp ), 
and the sparingly soluble picrate crystallises in 
feathery yellow needles, m p. 1 14°. Eserme 
yields no definite aunchloride or platinichlondo 

Eserine sulphate (CjgH 2 i 02 N,) 2 H 2 S 04 is pre- 
pared by adding a 10 p c. sulphuric acid, drop by 
drop, to an ethereal solution of eserine until the 
newly formed salt no longer separates. After 
filtration, it is carefully dried at about 40° It 


is a white or yellowish -white micro -crystalline 
powder, odourless, and having a bitter taste It 
18 readily soluble in water, alcohol, and in chloro- 
form. Gold chloride solution, when added to 
the acjj^ueoiis solution of the salt, gives a beautiful 
purple colour , whilst platimc chloride precipi- 
tates a yellowish -white salt When evaporated 
with ammonia, the sulphate, like the salicylate, 
yields a bluish residue If a little eserme sul- 
phate IS placed on a glass slip and moistened 
with water, and then a drop of sulphuric acid 
added, characteristic crystals of a spaiingly 
soluble sulphate separate This characteristic 
appearance is maintained for some time, but 
eventually the crystals become oily and then 
resinous (Reiehaicl, Pharm Zeit 1909, 50, 375) 
Esenne and its salts turn red on treatment with 
alkali or on standing m solution, but tlie sulphite 
C|gH 2 i 02 N 3 ,H 2 S() 3 , the aqueous solution of 
wluch does not tiiiri red, but remains colourless, 
has been prepared by Merck by treating a solu- 
tion of eserme with sulphurous acid, and evapo- 
rating the mixture (1) R P 166310; J Soc 
Chem Ind 1906, 443) It is a white powder, 
readily soluble m water 

A derivative, the intensity of the tluoiescence 
of which exceeds that of all known substances, 
is obtained by allowing can aqueous solution of 
physos tig mine to stand for a few months until 
it has become deep blue, then adding phthalic 
a<*id. The substance forms dark- blue crystals 
with a blood-red fluorescence, and colours cotton, 
silk, alcohol, ether, &e , daik blue with no 
fluorescence The aqueous solution, on the 
other hand, is colourless by transmitted light, but 
shows a beautiful red fluorescence by reflected 
light (Goubert, Compt rend 1909, 149, 852). 

Esenne and its salts should be kept m arnbci- 
coloured, well-stoppercd phials 

Test for eserme or its salts — A small fiagnient 
(the si/e of a gram of sand) is placed in a porcelain 
capsule and dissolved m a drop or two of fuming 
mtiic acid The dark-yellow solution foimed 
on warming is evaporated with stunng , the 
residue, which is of a pure green colour, dissolves 
in water, strong alcohol, and m sulphuric acid to 
a clear green solution. 0 005 gram of the alka- 
loid can thus be dideoted The green colouring 
matter has been teimcd chloreserine (Feireiia da 
►Silva, Compt rend 1893, 117,330, Foimanek, 
Chem Zentr 1895, 1.1148 , Reichard, I c) When 
exposed to nitric acid fumes, the blue residue 
becomes violet-blue , and when dissolved m a 
drop of nitric acid it forms a beautiful reddish - 
violet solution, which soon changes to blood-ied, 
and on standing or on dilution becomes gieemsh- 
yellow Eserme reduces rnolybdic acid very 
slowly m the cold, but rapidly gives a blue 
colouration on warming (Reichard, I e) With 
ammomum selenite m concentiated sulphuiic 
acid, esenne gives a lemon-yellow colouration, 
which becomes orange, and then paler after 
standing for 3 hours (da Silva, ('ompt rend 1891 , 
112, 1266) Eserme can also be detected by 
means of the polarisation microscope (Kley, 
Rec trav chim 1903,22,367) (For the estima- 
tion of eserme or physostigmme, see Heikel, 
Chem Zentr 1909, 1 949 ) 

Esenne aqd its salts are of considerable 
therapeutic value, bemg employed chiefly as a 
myotic to contract the pupil of the eye and to 
decrease intraocular pressure in glaucoma. 
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According to Pal (Chcm. Zciitr 1900, ii. 
1031), esenne forms an antidote to the poisonous 
effect of curare. 

Bilateral antagonism exists between eserine 
and curare in their effect on muscle Those 
muscles which, like the diaphragm, are last 
paralysed by curare are first set n*ee again by 
the mjectio i of cserino Tlie latter also stimu- 
lates the respiratory centre (Rothberger, Pllu- 
ger’s Archiv. 1901, 87, 117) 

(Eor other investigations on the physiological 
effect and use of esenne or physostigmme, sec 
Matthews and Brown, Amer, J Physiol 1904, 12, 
173 , Edmund and Roth, ihid. 1908, 23, 28, 
46, Joseph, %hid 1909, 23, 215, Anderson, 
J. Physiol 1905, 33, 414 ; Magnus, Pflugei’s 
Archiv. 1908, 123, 99 , Kress, ^id 1905, 109, 
608; Modrakowski, ibid 1907, 118, 52, Unger, 
ilml 1907, 119, 373; Harnack, (Jhem Zentr 
1908, 11 338, Wmteiberg, ibid i 750, Loewi 
and Mansfold, ibid 1910, i 941 ; Powsner, 
Hiochem Zeitsch 1907,2,339, Fiihner, Arch 
expt. Path. Pharm , 1917, 82, 205 ) ( V Okdeal 

Bean.) O. B 

ESPARTO, ^ti'pa maiciochloa {tenacismma) 
(Linn.) This glass is a native of Spain, 
Portugal, Gieoce, and Noith Afiica It is 
largely used as a raw matc'iial for paper making, 
having been mtroduced into this countiy by 
Routledge. For this purpose it possesses 
many advantages, as it glows abundantly with- 
out cultivation, is easily harvested, yields a 
large percentage of cellulose of high quality 
with comparatively simple ticatment. 

Of the various kinds known to commerce, 
such as Spanish, Tripoli, Arzen, Oran, Sfaz, 
Gabes, &c , the brnt-named is preferred by paper 
makers, as it yields more and better fibre, it 
therefore commands a higher price 

To give some idea of the impoitance of 
esparto as a paper-making material, it may be 
mentioned that the annual imports into the 
United Kingdom arc between 200,000 and 
300,000 tons 

it is also used for the pin pose of making 
coarse mats and lopes {v Sjjon’s Enc* of the 
Industiial Arts) 

Espaito ariives m this country firmly pressed 
into bales The first operation which it undei- 
gocs in the paper mill is that of ‘ dry-pickmg,’ 
in contradistinction to a subsequent piocess 
known as ‘ wet picking ’ The grass is spread 
out on tables covered with coarse wire cloth, and 
any root ends, wcx)ds, cK.c , which may have 
found their way into the bales thiough im- 
pel feet gathering arc picked out Any sand or 
dirt escapes through the wire cloth The re- 
moval of diit can be more completely effected 
by machinery. For this puipose the grass is 
fed into a mechanical duster or willow, wheie it 
receives a violent shaking, the dirt being loosened 
and removed The cleaned espaito is then fed 
into ‘ vomiting ’ boilers, where it is treated with 
caustic soda solution at jircssures varying from 
10 to 40 lbs per sq inch for from 3 to 5 hours 
The amount of soda required is about 17 lbs of 
60 p c caustic soda per cwt , but it varies with 
the equality of the grass, the form of boiler, 
the pressure at which it is boiled, and the time 
allowed. When the boding is completed, the 
liquor IS run away, evaporated to dryness, and 
Ignited, and the alkali recovered m the form of 


carbonate This is dissolved in water, converted 
into caustic by means of lime, and is again 
available for use. 

The boiled grass is washed once or twice 
m the boiler, and then subjected to the * wet- 
pickmg ’ process, whereby any unboded portions 
are removed The process is being gradually 
abandoned m favour of what is known as the 
‘ presse-pate ’ system, which consists in purifying 
the pulp by passmg it when bleached tnrough a 
senes of strainers and knotters It is then made 
into a coarse web of pulp on the ‘ presse-pate,’ 
which may bo dcsciiLed as a paper machine 
without the drymg cylinders. 

The subsequent ticatment of esjiarto does not 
differ essentially from that of other fibres, and 
need not be paiticulaily described 

The liaulms (really leaves) of espaito vary in 
length from 0 3 to 0 5 in , the moan thickness 
being about 1 5 mm , the individual fibres 
arc 100-400 mni. long, and 0 009-0 5 mm 
thick 

The fibres jiosse^ss, owing to their fineness 
and their tendency to c url, considerable ‘ felting ’ 
propel tic's Paper made fiom espaito is soft to 
the touch, ‘ bulks ' well, and at the same time is 
strong. 

Esparto libie can be recognised m a paper 
by the fact that when boiled with a solution of 
andme sulphate a lose-pink colour is developed. 
A similai colour is produced with straw cellulose, 
but of a paid shade With iodine and sulphuric 
acid the wall of the actual bast-fibre assumes 
a lubty colour, showing that it is not com- 
posed of cellulose , with aniline sulphate (cold) 
it IS stained yellow , and with phloroglucmol 
and hydrochloric acid a ciimson colour is 
assumed, tlius demonstrating the prcsseiice of 
bodies characteiistic of hgmhed walls They 
can be distinguished by the size and shape of 
the peculiar serrated epidermal cells, which aio 
to be seen when tlie commercial fibio is examined 
under the micioscope. 

Moreovei , espai to pulp always has a number 
of the short conical, often hooked, bail’s which 
line the innci (upper) suiface of the ‘i oiled’ 
leaf, and which serve to distinguish it from 
stiaw, the outd (lower) surface of the leaf is 
glabrous 

The chemical charactciistics of esparto are 
those of the ligrio- celluloses and the pecto-cellu- 
loses, the latter predominating 

Its composition is shown by the following 
analyses (Hugo Muller) . — 


Cellulose 

Spanish. 
48 25 

African. 
45 80 

Fat and wax . 

2 07 

2 62 

Aqueous extract 

10 19 

9 81 

Lignin and pectous 
substances 

26 39 

29 30 

Ash 

3 72 

3 67 

Water . 

9 38 

8 80 


100 00 

100 00 


The names ‘ esparto,’ ‘ sparto,’ and ‘ alfa ’ 
(‘ halfa ’), are also given to the leaves of another 
grass, Lygeum s'parium (Loefl.), which likewise 
grows in Spam and North Africa. These leaves 
are used as an mefficient substitute for those of 
Stipa. Microscopically they differ, m that the 
haj'-s have a consiaerable lumen, and are 
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usually blunt-eiidod ; the epidermis has peculiar 
little rounded silica cells ; and the nbs of bast 
fibios are isolated (not linked together to form a 
continuous band, as in JStipa) 

ESTERIFICATION. The reaction between 
an acid and a monohydric alcohol appears, at 
fimt sight, to be exactly analogous to the 
neutralisation of an acid by a monoacid base : 
the equations are : 

CH3 CO OH-j-CgHg OH^CHg CO OC^Hg+H^O 

and 


CII3 CO OH+NaOH=CH3 COONa+H^O 

The product formed in the second reaction is a 
metallic salt, and that in the first reaction is 
termed an alkyl salt or more commonly an ester 
The esters can be regarded as metallic salts in 
which the metallic radicals have become replaced 
by alkyl- groups Corresponding with mono-, di-, 
and trivalent-metallic radicals are the mono-, 
di-, and tnvalent hydrocarbon radicals, methyl 
CH3— , ethyl CjHg— , propyl CaH,— , &c , 
methylene CH2=, ethylidcne CaH^—, &c , 
glycciyl C3HS5, &c I’ho process of the 
cor version of an acid into its alkyl-salts is 
usually termed estenjication, and is the common 
method b^r means of which esters are prepared 
Although this reaction appears to be similar to 
the process of neutralising an acid by means of 
an alkali, there are two impoitant pomts of 
difleience 

1. The reaction between an acid and an 
alkali in aqueous solution is instantaneous, 
whereas the reaction between an acid and an 
alcohol is usually slow, and lends itself readily 
to study as a time reaction 

2. In the piocess of neutralisation between 
strong acids and strong alkaks, the reaction 
proceeds to completion when equivalent quan- 
tities of acid and alkali are used , but when 
equivalent amounts of acid and alcohol aie 
brought together, complete conversion into ester 
and water never takes jilaco The reaction 
begins slowly and pAOceeds until a state of 
equilibrium is established The rate at which 
the reaction proceeds, and the final equilibrium 
depend upon the specific acid and alcohol 
employed and upon the tempeiature The 
jirocess of esterification is a typical balanced or 
reversible reaction • 

K COjH+R' OH ^ R CO,R'+HjO 

as the water formed m the process of esterifica- 
tion can hydrolyse the ester to a certain extent 
This reaction is one of the best to study in order 
to illustrate the effects of mass action 

The reaction between acetic acid and ethyl 
alcohol was studied by Berthelot and Pean de 
St. Gilles, m 1862 , they showed that working 
with equivalent quantities of alcohol and acid, 
equilibrium is reached when 66 p c. of the 
reacting compounds have been transformed 
into ester and water. They were able to show 
that, by working with an excess of alcohol, a 
higher percentage of the acid can be trans- 
formed, as illustrated by the following numbers . 


Equivalents of al- j 
coholfor 1 equiva- > 
lent of acid J 
p.c. of acid trans-i 
formed mto ester / 


0-2 0 5 10 1-5 2 0 40 12 50 
19 42 66-5 78 83 88 93 10^' 


According to Giildberg and Waago’s law of 
mass action formulated m 1867, the rate of 
chemical reaction is proportional to the con- 
centrations (molecular) of the reacting substances, 
and to a constant which is chaiactcristic of the 
reaction and letains the same value piovided 
the tcmperatuic is constant in the balanced 
reaction 

CH3 CO ,H 4-Et()H ^ CH3 COaEt-f HoO 

the direct reaction proceeds at a rate which t an 
bo denoted by K a b, wliero K is the specific 
constant for this leaction, and a and 6 aie the 
concenti ations of tlie add and alcohol at the 
time of measuring the laie Similaily, the 
leverso reaction proceeds at a iat(‘ K' c </, wheie 
c and d are the concentrations of tlie ester and 
water at the paiticular time When the state 
of equilibrium is 1 cached, we have : 

Kah=:^K'cd 

Using one equivalent of acid and one ec^uivalent 
of alcohol, Berthelot and St Gillos showed that 
equilibrium is reached when 0 66 mol of acid 
and of alcohol have been transfoimed, leaving 
0 33 mol 111 the free state , wc thus liave 

A" X 0 33 X 0 33= A' x 0 06 X 0 66 



The ratio KjK' ls denoted by K, and is usually 
termed the equilibiiurn constant It is the 
ratio of the constants foi the direit .ind reveise 
reactions, and is independent of concenti atioii, 
but may vaiy with tempeiatine 

This eqiiilibiium (onstant enables us to 
calculate the .nnount of acid transfoiiucd when 
any known (piantities of the givcm add and 
alcohol arc mixed at the given tempeiatine and 
kejib until cqiiilibijum is attained 

With a mixtuie of a, 6, r, d equivalents of 
acid, alcohol, cstei, and watci at the given 
temperature, a—x and h—x ec£ui\alents of acid 
i and alcohol will be piesent when equibbiium is 
attained, and c \ x and d \ x cciuivalents of 
ester and water will also be present, as each 
equivalent of acid reacts with an cc|uivalent of 
alcohol and produces one equivalent of both estei 
and water 

K _(c-|-ic)(c/-i x) K 
K'~{a-x){b-x)^ Dut^,— ± 

{o-\-x){d-\-x) 

{a~x){b — x) 

and X can bo calculated when a, 6, c, d are 
known 

It IS neccvssary to distinguish between esteii- 
lication by means of the aciil and alcohol alono, 
and esteiilication of an acid by an alcohol in 
the presence of a catalytic agent The former 
process is generally teimed ‘ direct estciification,’ 
or sometimes “ autocatalytic esterification,’ as it 
has been suggested that the orgamc acid itself 
can act as a catalyst to a certam extent The 
second process is termed the catalytic method 
of esterification, and is the method most 
commonly used m the laboratory for the pre- 
p ration of esters. 
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Catalytic esterification. The modern labora- 
tory method is due to E Fischer and Speier 
(Ber. 1895, 28, 3252). It consists m heating 
the acid with excess of alcohol, usually about 
live times the theoretical amount, m the presence 
of a catalyst. The most efhcient catalysts arc 
strong acids, and hydrogen clilondo (about 
3 p c. of the alcohol) or concentrated sulphunc 
acid (about 10 p c. of the alcohol) is generally 
used When hydrogen chloride is used it is 
advisable to prepare a 3 p c solution of tliLs in 
the alcohol before adchng the organic acid The 
3 p c solution IS best jircpared by weighing the 
alcohol and passmg in the dry gas by means of a 
delivery tube which just touches the suiface of 
the liquid, and weighing from time to time until 
the requisite increase m weight is attained 
The organic acid is then added, and the whole 
boiled in a reflux appaiatus for 3 hours The 
greater part of the alcohol is distilled oil, the 
residue poured into about 6 times its volume of 
cold water, and the solution neutralised with 
sodium carbonat<3 It is then extiacted with 
ether, the ethereal solution diied and distilled, 
when a 90 p c yield of the ester can usually be 
obtained Esters which are readily hydrolysed 
by water, or esters which are extremely Svdublo 
m water, can sometimes be isolated by subjecting 
the reaction mixture to distillation under 
reduced picnssure J. and M Phelps (Amer J. 
Sci 1907, [iv ] 24, 194) advise heating the acid, 
e g succinic or benzoic, with about its own 
weight of 1 p c alcoholic hydrogen chloride, and 
a small amount of solid zinc chloiidc at 100°- 
110°, and afterwards passing m a cunent of alco- 
hol (compare 1908, 26, 281) For constants 
and properties of common esters, 6ec Mathews 
and havillc (J Pliysical (9iem 1918, 22, 1 ) 

The function oi the catalyst is to accelerate 
the rate of esterification ; many acids which 
react very slowly with alcohol alone, c </, acetic 
acid at the ordinaiy temperature, can be trans- 
formed rapidly into esters in the presence of 
a small amount of catalyst Hydrogen chloiide 
is a more eflicient agent than sulphunc acid, 
the ratio being three to one (Kailan, Monatsh 
1909, 30, 21) , but sulphuric acid is frequently 
used, as it is moic convement to work with 
Phelps (Amer J. Sei 1908, [iv ] 260, 290, 296) 
has examined theaction of various acid sulphates, 
eg NaHS()4, KHS()4, pipcndme and amlinc 
hydrogen sulphates, but finds that they are not 
so efficient as sulphuric acid, and similarly he 
has studied the action of metallic cldoiides on 
the catalytic action of hydrogen chloride 
Charcoal (Freundlich, Zeitsch physikal Chem 
1900, 57, 412) and finely divided platinum 
(Sudborough and Turner) also act as feeble 
catalysts. It is usually stated that the piescnce 
of the catalyst doe.s not affect the equilibrium, 
and that provided the ratio of alcohol is kept 
the same, the percentage of ester formed when 
equilibrium has been obtained, is the same in 
both catalytic and direct processes ; but Phelps 
does not agree with this statement Ultra violet 
light brings about esterification of solutions of 
benzoic and other cyclic acids, especially m the 
presence of a trace of hydrochlonc acid (8toerraer 
and Ladewig, Ber 1914, 47, 1803). 

The amount of ester formed by the catalytic 
process depends upon the specific acid and 
alcohol used, and tends to become less when who 1 


ester is readily hydrolysable In the case of 
esters extremely soluble m water, or very 
readily hydrolysed, it is not advisable to pour 
into water, but to distil immediately under 
reduced pressure. Phelps and Eddy (Am J. 
8ci 1908, 26, 253) recommend adding solid 
potassium caibonate to the reaction mixture 
and distilling under reduced pressure. Certain 
finely divided metallic oxidt's have a catalytic 
action on the formation of esters 

A method of catalytic esterification consists 
in passmg a mixture of the vapours of the 
acid and alcohol through a tube containing 
finely divided titanium dioxide at 290°-300° (8a- 
batiei and Mailile, Compt lend 1911, 152, 404 ; 
A. Mailhe, Chem Zeit 1913, 37, 777 and 806) 
According to Hauser and Klotz (Chem Zeit 
1913, 37, 146), glucmum oxide is more efficient 
than titamum oxide, ande/en teitnwy alcrfliols 
yield esters when this oxide is used 

Sendcrens and Aboulenc (Compt rend 1911, 
152, 1671, 1855 , 1912, 155, 168, 1012) state that 
by the addition of 5 p c of aluminium sulphate 
or of potassium hydrogen sulphate to a mixtuie 
of equivalent amounts of acetic acid and ethyl 
alcohol an 82 p c yield of ester is obtained, and 
that 1 p c of sulphuric acid by volu no gives an 
86 5 p c yield The actual catalyst is stated to 
be ethyl hydrogen sulphate* 

Various cstei’s derived from cyclic alcohols, 
c g , cyclohexanol, have been piepared by the 
method The temperature, however, must not 
be too high and the method does not work with 
aromatic acids ( ontaimng a caiboxylio group 
directly attached to the bcuizcne nucleus 

For use of (a) anhydrous calc lum chloride, see 
Chem Soe Abstr 1911, i 601, (6) nickel sulphate 
Kuitenaeker and Habeimann, J Pr Chem 
1911, (ii ) 83, 541, and (c) dilute sulphuric acid 
Bodioux, Compt rend 1913, 156, 1079, 157, 
938, 1428 A convenient method for certain 
esters appears to be a saturated aqueous solution 
of sodium clilondo as solvent and a little sulphuric 
acid as catalyst 

Relationship between constitution and esteri- 
fication using the catalytic method. V Meyer 
and Sudborough (Ber 1894, 27, 510, 1580, 
3146) weio the hrst to point out any clear 
relationship between the constitution of an acid 
and its conversion into an ester by the cataljdic 
method. Their original method was to saturate 
the alcoholic solution of the acid with hydrogen 
chloride, to leave at the ordmary temperature 
for several hours, and then to isolate and weigh 
the ester formed. Subsequently the Fischer- 
Spoier method was used. They were able to 
show that practically any substituted benzoic 
acid, in winch the two ortho- positions with 
respect to the carboxylic group arc substituted, 
does not yield appreciable amounts of ester 
when its alcoholic solution is saturated with 
hydrogen chloride and kept for several hours at 
the ordinary temperature, or when the acid is 
boiled with a 4 p c. solution of hydrogen chloride 
in alcohol. All substituents react in much the 
same manner, e g CHg, Cl, Br, F, I, CO2H, NOg, 
&c , but the substituents F, OH, CH3 have not 
so marked an effect as nitro-, carboxylic, and 
halide radicals ; e g. acids of the type 

CeHgMeg C05,H(C02H . Mcg^I : 2 : 4 : 6) 
are estenfied to an appreciable extent when 
hydrogen chloride is passed through their 
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boiling alcoholic solutions for several hours 
(Meyer and Sudborough, Ber 1894, 27, 1580, 
Meyer, %bid. 1895, 28, 182, 1254 ; compare also 
Kahn, lUd, 1902, 35, 3867). 

The presence of a second benzene nucleus, as 
in naphthalene- and anthracene-carboxylic acids, 
has much the same effect as nitro- or halogen 
substituents ; thus 2-chloro-l -naphthoic acid, 
anthracene-7 -carboxylic acid and 1 -chloroanthra- 
cene-9-carboxylic acid do not yield esters by the 
catalytic method, whereas the isomeric 3-chloro- 
2-naphthoic acid, anthracene- 1-carboxy he acid, 
and 3 -chloroanthracene -2 -carboxylic acid yield 
90 p.c. of ester under the same conditions. 

It has been shown by V. Moyer (Ber. 1895, 
28, 3197 , and Rupp, ibid 1896, 29, 1625) that 
the dibasic acids — tetrachloro-, tetiabromo-, 
and tetraiodo-terephthalic acids, teiiacliloro-, 
tetrabromo-, and tctraiodo-isophthalic acids, 
i e acids in which both carboxylic groups are 
diortho- substituted, do not yield esters when 
heated with a 3 pc solution of hydrogen 
chloride in alcohol An acid m which one of 
the caiboxylic groups is dioitho- substituted 
and the other is not, yiekis an acid ester under 
similar conditions, e g 2 6-dimethylteiephthalic 


acid, CgH 2 Me 2 (C 02 H )2 gives CO^Mc* 


Mg 


Mo 




(Jannash and Weiler, Ber 1895, 28, 531) 
Similarly, hemipinic acid, 3.4-dimcthoxyphthalic 


acid, gives the acid 


cstoi 


OMe OMe 

^OOH 


(Wegschclder, Monatsh 1895, 16, 135) (For 
fuithei examples, see Wegscheider, ibid. 1900, 
21, 621, 638 , 1902, 23, 405 , McKenzie, Chem 
8oc Trans 1901, 79, 1135 ) An appaicnt 
exception is met with in the case of 3 O-dichloro- 
phthalic acid, which, accoiding to (Jraebe (Ber. 
1900, 33, 2026), yields the acid ester 

Cl 

ClCOaH 

when its alcoholic solution is saturated with 
hydrogen chloride and kept at the ordinary 
temperature Tetrachloro-, tetrabromo-, and 
tetraiodo-phthalic acids also yield acid esters 
(Rupp, tbtd 1896, 29, 1625) , o-nitrophthalic 
acid and papaverimc acid (Miller, Annalen, 
1881, 208, 243 , Wegscheider and Lipschitz, 
Monatsh. 1900, 21, 790, Wegscheider, ibid 
1902, 23, 369) behave m a similar manner, 
yielding neutral enters, and it is probable that 
the esters are formed by the conversion of the 
acids mto their anhydrides under the influence of 
the hydrogen chloride or sulphuric acid, and the 
subsequent addition of alcohol to the anhydrides. 
3 6-Dichlorobenzoylbenzoic acid and tetrachloio- 
benzoylbenzoic acid are also readily estenfied, 
and it IS possible that these react with alcohol 
as the tautomeric hydroxyphthalides ; eg. : 

+ Eton 

-»CO,Et-C,CU-CPh(&H)j-»CO,EtC,Cl4-COPh 


(Graebe). The results obtained with tn- or even 
hexa-carboxylic acids show the same uiliibitmg 
effect of ortho-substituents. Q'hus trimesic acid, 
benzene 1 3 : 5-tricarboxylic acid, yields a neutral 
ester, homimellitic acid, the 1 2 3-tricaiboxylic 
acid, yields a dimethyl ester , pyromellitic acid, 
benzene- 1 2 4 • 5-tetracarboxylic acid, yields a 
normal e^ter , prchmtic acid, 1 • 2 : 3 . 4-tetracar- 
boxylic acid, gives a dimethyl ester in the cold, 
and the neutral ester on heating , the formation 
of the latter is probably due to the fact that an 
anhydiide is first foimed, and this, with methyl 
alcohol, gives the dimethyl ester 
CO,M^O,Me 

co2H<;^\co,u. 

which IS further estenfied to the normal ester 
Bimtro-pyromellitic acid, melhtic acid, and 
hexahydromellitic acid do not vield estci'S 
(Meyer, Ber 1894, 27, 1590, 28, *'182, 1896, 
29, 840) /.sohydromellitic acid, on the other 
hand, yields a monomethyl ester (Van Loon, 
ibid 1895, 28, 1272) 

Substituted benzoic acids in which the sub- 
stituents aie not in oitho- positions, giv(* good 
yields of c'steis by the Fischer-Speici method, 
and this dilleience in behaviour has been uscil 
for the following puiposes 1 8!c}»aiation of an 
ortho-disubstituted benzoic acid fiom isomendes 
(compaio Maitz, Ber. 27, 3147, for scpaiation of 
dinitro- benzoic acids ; Jannasch and Weilor, ibid. 
3445, foi separation of isomeric trimcthyl-bcnzoic 
acids) Rosanoff and Brager (J Amer (-hem 
8oc 1908, 30, 1912) show that a mixtuie of ben- 
zoic acid with an ortho- substituted benzoic acid 
can be separated by partial esterihcation in the 
cold with a 3 p c solution of hydrogen chlonde 
in ethyl alcohol 2 Determination of the con- 
stitution of particular substituted benzoic acKh, 
(Compare V. Meyer, Ber 1895, 28, 187, for 2- 
methyl - 5 - biomobenzoic acid , Zincke and 
Francke, Annalen, 1896, 293, 123, for 4-acetyl-5- 
bromo-»6fo-phthalic acid , and Matthews, Chem. 
Soc Fioc 1900, 16, 187, for 2 3 5-tiichloio- 
benzoic acid. See also Blaise, Compt rend. 
1898, 126, 733, for substituted succinic acids ) 

When the carboxylic group is not directly 
attached to the benzene nucleus, but is united to 
a side chain, the presence of ortho- substituents 
does not prevent the formation of esters, e g. 
2 4 6-tribromo-3-aminophenyl2iropionic acid and 
2 4 6-tribromophenylpropiomc acid, mesitylacetic 
and mesitylglyoxylic acid all gave good yields of 
esters when the alcoholic solutions arc saturated 
with hydrogen chloride. Kellas (Zcilsc h physikal. 
Chem 1897, 24, 221) and Goldschmidt (Zcitsch. 
lect ('hem 1909, 15, 4) have shown that the 
Introduction of one oitho- substituent into the 
benzoic acid molecule ictards esterification to 
an appreciable extent, the nitro- group having a 
greater inhibiting effect than Me, Cl, Br, or 1 
Kalian also shows that o-aminobenzoic acid 
hydrochloride is estenfied more slowly than its 
isomendes (Monatsh 1906, 27, 1038) , but he 
finds that o-mtrocinnamic acid is estenfied more 
readily than the p- and m-nitro acids {ibid 1907, 
28, 1163). Goldschmidt was able to show that 
using a dilute alcoholic solution of the acid with 
hydrogen chloride as catalyst, the velocity of 
the reaction can be determined by means of 
I tae equation for a ummolecular reaction, 
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l/i(log aja—x) ; since under these conditions the 
mass of the alcohol can be regarded as constant, 
and the reaction is practically non-reversible in 
the presence of the largo excess of alcohol. The 
concentration of the acid at any given moment 
can be determined bv direct titration with 
standard barium hydroxide solution, using 
phenolphthalem as indicator. When, however, 
the ester formed is readily hydrolysed, as in the 
case of ethyl formate, ethyl tnchloracetate, and 
ethyl pyruvate, it is necessary to titrate with 
ammomum hydroxide solution, using litmus as 
indicator, as the end point is not dehmte when 
baryta is used, owmg to the instantaneous 
hyclrolysis of the ester by the baryta The 
constant K is directly proportional to the con- 
centration of the hydrogen chloride in the 
absence of water, and falls somewhat as t (time) 
increases, owing to the fact that the water 
produced during the esterification has a retard- 
mg effect. The influence of small amounts of 
water has been studied by Kailan (Monatsh 
1906, 27, 643, 997 , 1907, 28, 116, 571, 673, 706, 
965, 1069, 1137, 1187, 1908, 29, 799; 1909, 
30. 1), who has shown that the relationship 
between the rate of esterification and the 
amount of water can be represented by means of 
an ciji^uation of the type, eg in the case of 
cinnamic acid 


^=0 605+ ^ 


4876 1-678 


+(2 911- 


3-212 4 358\ 


■ + ■'. 


r 


31 78 2 284\ 


+ -27 54+ 


for concentrations of water le— 0 3 to 1 3, and for 
concentiations of hydrogen chloiide c=0 16 to 
0 66 (Compare also Fitzgerald and Lapworth, 
Ohem. fSoc Trans 1908, 93, 2168.) 

The mhibitmg action of water on a mixture 
of acid and alcoiiol is readily shown by com- 
paring the rates of cstcrihcation of the same 
imxture of acid and alcohol . (a) in presence of 
water ; (6) in piescnce of a corresponding 

quantity of benzene (Kailan, Zeitsch pnysikal 
Chem 1915, 89, 676) When 25 or 50 volume 

E .c. of alcohol IS used the relative effects of 
enzene and water are as 1 . 100 or 150 The 
effect of water on the esterification of dibasic 
acids has also been examined (Kailan, ibid. 
1913, 86, 706 ; 1914, 87, 619) 

Sirks (Rec. trav. chim. 1908, 27, 237) has 
obtained the following values for the esterifica- 
tion constants of the isomeric dimtrobenzoic 
acids at 25°, using ethyl alcohol contaimng a 
httle water with hydrogen chloride as catalyst . 
3 : 4-dimtro-acid, 0 0086 , 3 . 5-acid, 0 0050 , 
2 : 3-acid, 0 0005 , 2 . 6-acid, 0 0003 , 2 . 4-acid, 
0 0002 , and 2 . 6 -acid, ml. The values for 

^MOH ^htaincd for benzoic, w-, and o-nitro- 
benzoic acids were 0 0132, 0 0071, 0 001.^ 

These numbers mdicate the retarding effect 
of one or two mtro- groups m the ortho- position ; 
even one m- group retaids, but the mtroduction 
of a second mtro- group into the meta- position 
of the m-mtro acid molecule, increases the 
rate. 


‘ The letter E is used to denote the ester’fltatlou 
constant of an acid, using normal hydrogen chloride as 
catalyst, and the temperature and specific alcohol are 
also given, as the constant varies with these. 


From a comparison of the rates of esterifica- 
tion of these acids with thorn ^sociation 
constants, Sirks comes to the conclusion that 
acids with small dissociation constants are 
esterified more readdy by the catalytic method 
than acids with high dissociation constants , 
but an exaimnation of certam alkyl- derivatives 
of ahphatic acids shows that the statement does 
not hold good generally. 

Sudborough and Lloyd, by usmg Gold- 
schmidt’s method of determining esterification 
constants, have shown that the introduction oi 
one substituent into the acetic acid molecule 
has a retarding effect, whatever the nature ot 
the substituent The introduction of two 
substituents usually has a more marked eliect 
than one, and thiee a greater influence than two, 
when the two or three substituents aie alike. 
A compaiison of the ester ifK’ation constants toi 
the normal fatty acids gave the following values 

for Fm’oh- propionic 

92, and fiom butyric to steanc values between 
50 and 54 The introduction of a carbonyl- 
gioup in place of the a-methylene group of a 
normal fatty acid produces a letarda ion 
(Kailan, Monatsh 1907, 28, 1187 , Sudborough, 
Chem Soc Trans 1912, 101, 1227) The intro- 
duction of methyl- groups into the molecule o 
methyl hydrogen succinate also produ^s a 
lowermg of the esterification constant 
Sudborough, and Spianklmg, Chern Soc Urans. 

1904, 85, 534) , , ^ „ 

In the case of unsaturated acids, the followng 
generalisations have been drawn 
borough and Lloyd, Chem. Soc. Trans 1«98, 73, 
81 , Sudborough and Roberts, ibid ’ 

Sudboiough and Thomas, ibid. 1907, 91, 1033 , 
Sudborough and Gittins, ibid 1909, 95, 310 , 
Sudborough and Davies, ibid 975) 1 An ap- 

unsatuiated acid is esterihcd much less 
readily than its saturated analogue , m many 
cases the latio is 1 40. 2 An a^- unsaturated 

acid is esterihed far less readily than the isonmiic 
acids. 111 which the double linking is further 
removed from the carboxyl- gioup As a rule, 
^y- unsaturated acids are ester i lied more readily 
than their satuiated analogues , e g ^7-phenyl- 
crotomc acid has Fm’oh satuiated 


7-phenyl- w- butyric acid Ea-coh 

78- Acids and other unsaturated acids, in winch 
the double linking is further removed from the 
carboxyl- group, are esterihed at much the same 
rate as the corrcsjionding saturated acids , e g 
F for oleic acid is 54 3, and for palmitic acid 
49 7 3 In most cases the introduction of a 

substituent into the a- position in the acrylic 
acid molecule has a greater inhibiting eliect than 
when introduced into the (8- position 4 The 
effect of a substituent m the cis- position is ^n^e 
marked than in the trans-, thus an acid of the 

X— C— H ^ . 

type 11 IS more readily esterihed 

Y-C-CO^H 

H— C— X 

than the isomer ide H 

Y— C-COaH 

The diffeience in the rates of esterification 
of an afi- unsaturated acid and the saturated 
analogue, a difference which has been confirmed 
ny Kailan (Monatsh. 1907, 28, 1137) in the case 
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of cinnamic and hydrocinnamic acids, affords a 
very convenient method for separating mixtures 
of the two. This is well shown in the preparation 
of hydrocinnamic acid. The acid is obtained by 
the reduction of cinnamic acid, and is liable to 
contain small amounts of the latter, which are 
difficult to remove by crystallisation, but a 
complete separation can be effected by the 
action of a dilute solution of hydrogen chloride 
in ethyl alcohol. The saturated acid is com- 
pletely transformed into ester, and, under suit- 
able conditions, the unsaturated acid lomains 
imestenfied. A similar method can also be 
used with advantage for the separation of a 
mixture of an a^- unsaturated acid and the 
isomeric ySy-aeid , this method is preferable to 
the older methocl used by Fittig, in which the 
87-acid was transformed into the 7-lactone 
(Slid borough and Thomas, Chem Soc Trans. 
1011, 99, 2307) 

Gyr (Ber 1908, 41, 4308) has determined the 
estcrihcation constants of a number of mono-, 
di-, and tri- substituted acetic acids, and conhrms 
the results obtained by Siidborongh and Lloyd 
The values, foi example, for acetic, phenyl acetic, 
dipnenyl acetic, and tnphenyl acetic, at 25° aio 
respective^'- 7 70, 3 57, 0 20, and 0 001 Gyr 
worked with absolute methyl alcohol, and 
recommends boiling some three or four times 
with small amounts of metallic calcium m order 
to remove the last traces of water 

Kistiakowsky (Zcitsch physikal Chem 1898, 
27, 250) has determined the velocity of reaction 
of an acid and alcohol in mixtures of the alcohol 
and water containing hydrogen chloride In 
this ease the esterification and hydrolysis pio- 
ceed side by side, and the velocity constants for 
the two arc denoted by K and K' Then : 




Log ^ 
a ^ 


I- 

A''= 


and 


1 


log. 


1 a — ^ 
t a 

J 


log. 


i-x 


when the amounts of water and alcohol are 
large compared with the amount of acid present 
I denotes the giaiu-molceules of acid transfoimed 
into ester at oquilibiium, and x the number of 
gi am -molecules transfoimed at end of time i 

K can also be calculated from K-\-K' by 
means of equation * 

Tho values of K and K' and also tho value - 

a 

are independent of the original concentration of 
tho organic acid 

The same values for K and K' are obtained 
when a mixture of acid, alcohol, water, and 
catalyst, or ester, alcohol, water, and catalyst 
are used, provided the projiortion of water and 
alcohol and the concentration of the catalyst 
are kept tho same 

The temperature coefficient between t = 25° 
and t = 30° is about 10 p c per degree, using 
mixtures of alcohol and water containing 
13-70 p.c. alcohol 

The values of both K and K' fall on passing 
from formic to acetic, and again from acetic to 
monochloracetic 

The effect of the proportion of alcohol and 
water present is marked The value' of K u^tLe 


case of formic acid rises from 0 to 300 as the 
percentage of alcohol increases from 0 to 91 4, 
whereas the value for K' falls from 198 to 00, 
as the percentage of alcohol is increased from 
0 to 91 4 In the absence of a catalyst, the 
velocity of esterification falls as the organic 
acid IS used up, whereas the velocity of hydrolysis 
IS first small, and gradually increases as fresh 
acid is formed, and both K and K' diminish 
with an increase in tho amount of alcohol 
present 

Direct method of esterification. Tho reaction 
between alcohol and a mineral acid ls fiequently 
used as a method for the prepaiation of ethyl 
estem of inorganic acids, e g ethyl chloride 
bromide, nitrite, sulphate (for ethyl bromide, 
cj Weston, Chem Soc Trans 1915, 107, 1489 , 
Holt, ihd. 1916, 100, 1) 

Norris, Watt, and Thomas (J. Amer Chem 
Soc 191(>, 38, 1071) have studied the reaction 
between different alcohols and dilute solutions 
! of hydrochloric and hydrobromic acids They 
find that tho rate of formation of estem in the 
case of primary alcohols tends to decrease as 
the molecular weight of tho alcohol in- 
creases Gf the three gioups of alcohols, the 
tertiary are tho most, and tho primary least, 
j reactive 

I Monschutkin, working with the fatty acids 
I (J pr Chem 1881, [11 ] 24, 49 ; ihid 1882, 

I [11 ] 25, 193 , Ber 18!)7, 30, 2783), was one of 
I the fust to draw attention to the relationship 
j between the rate of esterification and the con- 
! stitution of the acid and of the alcohol, and 
I found that the amount of acid converted into 
I ester in a given time diminished with the com- 
! plexity of tho acid molecule, and also with the 
complexity of the alcohol molecule. By heating 
a given amount of acetic acid with equivalent 
amounts of different alcohols for one hour at 
135°, Menschutkm was able to show that, on 
the whole, a primary alcohol is estenhed more 
! rapidly than a secondary, and a secondary 
than a tertiary Some of the results obtained 
by Menschutkm for primary alcohols are not 
true measures of velocity, as equilibrium had 
already been obtained within the hour It is 
also pointed out that tho introduction of side 
chains or of negative substituents into a primary 
alcohol also tends to lower the rate of estenfica- 
tion, and the greater the number of such groups 
introduced the more pronounced is tho effect. 
Tho introduction of an olefine Imking into the 
molecule of the alcohol in the ajS- position also 
diminishes tho rate of esterification. Subsequent 
experiments made by heating the alcohol with 
given weights of acetic anhydride gave similar 
results Still later work with hydroxy-poly- 
methylenes (Chem. Soc. Trans 1906, 89, 1533), 
using the acetic anhydride method, indicates that 
these compounds are esterified more readily 
than analogous open-chain compounds, e g 
the value for methyl-propyl-carbmol and 
cyclopentanol are respectively 98 and 189, and 
that cyclic tertiary alcohols are esterified least 
readily and primary most readily. The results 
also indicate that methyl- groups in the o- posi- 
tion with respect to the hydroxyl- group also 
produce retardation, but not to the same extent 
as wh^'n attached to the carbon atom to which 
the OH IS attached Michael and Wohlgast 
fBer. 1909, 42, 3157) have determmed the rates 
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of estori6cation of trichloracetic acid with following numbers, using the equation for a 
various alcohols at 25° and 50°, and give the bimolecular reaction : — 


Primal y alcohols 
Methyl . 

Ethyl 
Propyl . 

Butyl 
/^obutyl 
Hoptyl 
Octyl . 

Cetyl 


KxlO* 

25° 50° 

Secondary 

KxlO' 

25° 

Tertiary 

KxlO' 

25° 

3690 

24,000 

Dimethyl-carbmol 

. 98 

Ter- butyl 

. 118 

650 

4,210 

Methyl-ethyl „ 

. 90 

Ter-amyl 

. 248 

725 


Methyl -propyl ,, 

. 76 


1200 

740 

1160 


Methyl-hexyl „ 

. 109 



1860 






2500 

16,300 






According to Michael, factors which are of I 
importance are . 1 Degree of associatioi^ of the 
alcohol; as this is gi eater in the case of the 
simpler alcohols, the rate of esterification would 
be reduced to a greater extent 2 Readi- 
ness with which the alcohol decomposes into 
H and R O in order to react with the 
carbonyl- group 3 The influence of alkyl- 
groups on the affinity of the R 0 and H for the 
unsatiirated atoms of the carbonyl- group 
Michael claims that his re.sults do not afford the 
slightest evidence for the view that atoms or 
groups can produce effects by mere filling of 
space 

As regards the influence of the constitution 
of the acid on the velocity of esterification, 
Menschutkm drew the following conclusions as 
the result of exp(*riments made by heating the 
respective acids for one hour with isobutyl 
alcohol The introduction of an alkyl- group 
into the formic acid molecule invariably produces 
a letardation in the estenfication The intro- 
duction of alkyl- groups into the acetic acid 
molecule also produces a letardation, and this 
18 greatest when three alkyl- groups replace the 
three hydiogen, e q trimethylacctic acid, and is 
least when only one alkyl- gioup is introduced 
Unsaturated acids of the type of crotonic and 
cinnamic are esterificd Ic\ss readily than their 
saturated analogues 

Lichty (Amer Ohem J 1805, 17, 27 ; 
1806, 18, 500) found, however, that in the case 
of the chlorinated acetic acids the introduction 
of a chlorine atom into the acetic acid molecule 
tends to facilitate the formation of ester when 
the direct method is used The presence of an 
aj8- ethylene linking has not the same marked 
effect in direct os terih cation as in catalytic 
esterifii'ation (Thomas and Sudborough, Ohem 
Soc Trans 1012, 101, 317) It is obvious that 
the results obtained by the direct and catalytic 
methods of esterification are not comparable, 
and Sudborough and Feilmann (Chem. Soc Proc. 
1897, 13, 241) have suggested that at least two 
fa( tors are concerned in the piocess of esterifica- 
tion when using the same alcohol, viz ( 1 ) strength 
of the acid esterified , (2) the presence of 

substituting groups in close proximity to the 
carboxyl- group When the direct method of 
esterification is used, the former appears to be 
the determining factor, whereas with the 
catalytic method the latter is of primary im- 
portance ; but in either case both factors are 
involved Compare also Flurscheim, Chem Soc. 
Trans. 1909, 95, 718 

Rosanoff and Prager (J. Amer. Chem. Soc. 
1908, 30, 1895) have also shown that dicrtho- 
substitutod benzoicyacids can be esterified bv 
the direct method, provided they are heated with 


excess of the alcohol at a comparatively high 
temperature (183°) for about 100 hours. The 
leaction proceeds oven at the boiling-point of 
alcohol, but requires prolonged heating Rosanoff 
and Prager determined both the velocity 
constant K and the reciprocal of the equilibrium 
constant, viz K'=^K'/K They used different 
weights of alcohol and acid in each experiment, 
and by taking the volume of the solution into 
account, they calculated K by means of the 
equation 

2 302Cu; ^ 

{a—hy-\-4^ahK' 

2ah—x{a\-'b~^J{a—hy-\-Aa})K') 

where a and h are the molar concentrations of 
the acid and alcohol, v is the volume of the 
mixture in litres, x the number of gram-mole- 
cules of the e^ter formed after time /-(in days) 
The values of K obtained for a few acids are . 


Benzoic 

. 0 

630 

2 3 5-Tribroniobenzoic 

. 0 

370 

3 4 5- 

. 0 

900 

2.4 6- 

2.4. 6 -Tnthloro benzoic 

. 0 

088 

. 0 

031 

Acetic 

. 1 

450 

Propionic 

0 

950 

/.wbutyric 

Trimethylacctic 

1 

070 

0 

180 

Chloracetic 

. 2 

460 

Dichloracetic . 

. 6 

380 

Trichloracetic . 

. 12 

000 


and it is pointed out that in many of these cases 
an increase m velocity of esterification runs 
parallel with an increase in the electrolytic 
dissociation constants of the acids, although 
the two sets of constants are not proportional 

Michael and Oechslin (Ber 1909, 42, 317) 
have determined the amounts of ester formed 
when various mono- substituted benzoic acids 
are heated with methyl alcohol in sealed tubes 
at 135° without a catalyst, but they did not 
determine the actual constants They found 
that many m- and p- substituted benzoic ax 3 ids 
contaimng negative substituents are esterified 
somewhat more readily than benzoic acid, but 
that an ortho- substituent, with the exception 
of Cl, tends to retard esterification, and that the 
effect 18 the greatest m the case of the methyl- 
grouB. 

The following are some of the values obtamed 
after 7 hours, benzoic 11*1, o-chlorobenzoic 
119, o-bromobenzoic 10 4, o-iodobenzoic 9*7, 
o-nitrobenzoic 10*0, salicylic 7*7, and o-toluic 6 2 

The results obtained by Rosanoff and Prager 
and^Jjiy Michael and Oesc\elin are compatible 
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with the view that at least two factors are 
concerned m estenfication either by the catalytic 
or the direct method ; that in the former case 
the chief factor is the presence of substituents m 
close proximity to the carboxyl- group (stone 
hindrance) wliereas the strength of the acid, as 
measured by its dissociation constant, is of but 
secondary importance ; m the direct method the 
relative values of the two factors arc frequently 
the exact opposite (Note The dissociation 
constant for 5-trichlorobenzoic acid is not 
known ) The results do not justify the conclu- 
sion drawn by both Rosanoff and Michael, that 
substituents do not retard estenfication by mere 
space filling 

For direct esterification of dibasic acids, ftrr 
Kalian (Zcitsch physikal (^hem 1016, 80, 676) 
The reaction between a mercaptan and an 
acid IS analogous to that between an alcohol and 
an acid, and the product is the ester of a thio- 
acid The reaction has been studied m detail 
by L S Pratt and E E Reed (J Amer (’hem 
Soc 1915, 37, 1934) at a temperature of 243°, 
and using different mercaptans The limiting 
values arc much less than when the corresponding 
alcohols are used, and tend to dirniiush as the 
molecular weight of the alcohols increases 

Other methods for preparing esters. Esters 
which cannot be obtained by direct esterifica- 
tion, e g. the esters of diortho- substituted 
benzoic acids, can be prepared by the following 
methods 1 Action of the alcohol on the acid 
chlonde or acid anhydride ^The latter action 
IS accelerated by the presence of small amounts 
of a strong acid (Rey cider, Bull Soc chim Belg. 
1007, 21, 428) 2 Action of the alkyl iodide on 

the dry sdver salt, or, in the case of aromatic 
acids, by the a(*tion of alkyl chlorides on dry 
potassium salts in the presence of a trace of 
a base such as trie thyl amine Benzyl ben- 
zoate is readily prepared by heating together at 
95°-100° potassium benzoate (100), benzyl 
chloride (120), and tnothylammo (1) 3 Action 

of methyl sulphate on an aqueous solution of 
the sodium salt of the acid (Weiner and Seybold, 
Bor 1904, 37, 3658) 4 Action of an ethereal 

solution of diazomethane on the acid 

Sulphonic acids. Sulphomc acids do not 
give good yields of estera when warmed with 
alcohol alone or with alcohol and a mineral acid. 
This 18 probably duo to the fact that the ester 
formed immediately reacts with the alcohol, 
giving the free acid and an ether : 

Cells SO/OMe+Mo()H=(^ 6 H 5 SO, 0H+Me,0 

(comp Krafft and Roos, Ber 1893, 26, 2823 , 
Wegscheider and Eurcht, Monatsh 1902, 23, 
1094) The esters are not formed when the 
sodium salt of the acid is warmed with alkyl 
iodide and alcohol (Wegscheider and Furcht) ; 
but can be obtained by the action of methyl 
sulphate on the acid or by the action of the 
alcohol on the acid chloride at low temperatures 
(Krafft, Ber. 1892, 25, 2256) 

Esters of dibasic acids. A dibasic acid can 
give nse to both an acid and a normal ester, 
eg. CO,H CHg CO,H“->CO,H CH, CO,Mc and 
COgMe CHg COgMe. With the exception of 
diortho- substituted aromatic dibasic acids, the 
normal esters can be obtained by the Fischer- 
Speier method of estenfication For the pre- 
paration of the acid es^ ers, the following methods 


are resorted to : 1. Addition of alcohol or of 
sodium alkyl oxide to the acid anhydnde. 2. 
Partial hydrolysis of the normal ester 3. 
Partial estenfication of the acid. 4 The action 
of alkyl iodides on the acid silver salts, if these 
can be prejiared, or on the acid potassium salts 
In the case of a symmetrical dibasic acid, the 
same acid ester is formed by all these methods, 
although, m most cases, except those coming 
under the first heading, the yields are not very 
good, as free acid and normal esters are also 
formed, and the separation is not always easy 

With an unsymmetneal dibasic acid, two 
isomeric acid esters (the a and the h) ^ can exist, 
and which of these is foiined depends largely 
'on which method of preparation is used 
Wegscheider has earned out numeious experi- 
ments (comp Monatsh 1895, 16, 75, 1897, 18, 
418, 629, 1899, 20, 685, 19()(), 21, 621, 638, 
787, 1902,23,317,357,369,393,405, 1903, 
24, 413, 915, 1905, 26, 1039, 1906, 27, 487, 
777; 1907, 28, 819, 1908, 29, 525, 531, 535, 
541, 557, sulphonated benzoic acids, ^h^d 
1902, 23, 1093, trihasic acids, ihn( 1910, 31, 
1253) on the following acids hcumpmic (3 4- 
dimethoxyphthalic), nitrohcmipimc, camphoric, 
nitro-, bromo-, ammo-, and hydroxy-terephth- 
alic, 3- and 4-nitrophthalic, 4-hydroxyphthalic, 
phthalonic, homophthalic, asiiaitie, phenyl- 
succmic, and pajiaveimic, and has drawn the 
following conclusions under the assumption that 
the two carboxylic groups differ appreciably as 
legards their relative stiength • 1 By the 

addition of alcohol to the anhydride and by the 
action of alkyl iodides on the acid potassium or 
acid silver salts, the stionger carboxyl- group is 
esterified, so that under these conditions ci-acid 
esters are formed If there is but little diffeience 
m tlio relative strengths of the two carboxyl- 
groups, then a mixture of the two acid esters is 
obtained, hut the a- compound preponderatc's ; 

f '6*^2(^'^^2H)2 (()Mc)^>( 1 • 2 3 4) gives, by 
these methods, the acid ester 

C«H,(C(J,H)((!0,Et)(()Me), 

1 2 3 4 

CO. (2) CO, IT (1) 

CO,H ^0 gives CgHas (JO>Me (2) 

(1) ^CO/(3) (3) 

Excejition phenyl succinic anhydride Diazo- 
methane and the acid give mainly neutral ester, 
but also small amounts of acid ester denved 
from the stronger carboxyl- group 2. By the 
process of catalytic estenfication the carboxylic 
acid group, wluch is freer from adjacent sub- 
stituents, is esterified first , thus opianic acid 
gives the &- ester C8H,(CO,Et)(CO ,H)(OMe)„ 
1 2 “ 34 “ 

but neutral ester and small amounts of the a- 
isomerido may also be formed, especially if the 
conditions are such that anhydride formation 
can occur The same rule holds good for 
direct estenfication if the possibility of anhydride 
formation is excluded 3 The addition of 
sochum alkylate in the absence of alcohol and 
water to the anhydnde yields the acid ester, 
with appreciable amoiinis of the isomeiide 
4 The partial hydrolysis of the neutral ester 
gives the acid ester, which is difficult to prepare 

* The term 6- ester Is given to the acid ester with the 
higher dissociation constant, and the isomerido is termed 
t*.e a- (Ber 1902, 35, 4329 , 1903, 80, 304). 
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by tho method of catalytic estenfication ; e g 
dimcthylhemipmate gives the a-acid ester. 
Exceptions the hydrolysis of methyl hydroxv- 
terephthalate, 4-hydrox3rphthalate, 4-nitropn- 
thalato, aminotorephthalato, phthalonate. 

P^or formation of esters of phthalic acid in 
presence of hydrochloric acid and hydrolysis 
of tho esters, sea Wegscheider and Amann 
(Monatsh 1916, 36, 549 and 633) 

In the case of the majority of symmetrical 
dibasic acids tlie two carboxylic groups are 
esterihcd at the same rate ; in other words, 
tho replacement of OH by OEt does not affect 
tho rate of esterification In tho case of both 
maleic and oxalic acids, however, there is a 
retardation produced by the conversion of GaiO 
of the COoH groups into a OOgEt This is 
attributed by Kailan (Zeitsch physikal Chem 
1914, 87, 619) to tho proximity of tho two 
carboxylic groups to one another, and as tho 
retardation is greater in tho case of maleic acid, 
it IS argued that in this acid the two carboxylic 
groups are closer than in oxalic acid 

Theories of esterification. — Direct method 
The reaction between the acid and alcohol is 
not a simple ionic leaction, since tho acid with 
tho highest dissociation constant is not neces- 
sarily estenfied most readily, and in the case of 
a dibasic acid it is not always the stronger CO 2 H 
group which is esterihed first The view usually 
accc])tcd at tho present time is that an additive 
compound of alcohol and acid of the type 
^/OEt 

R OEt, i e a dialkyl- derivative of an ortho- 
X)H 

carboxylic acid, is first formed by the addition 
of a molecule of alcohol to the carbonyl- group of 
the acid (Wegscheider, Monatsh 1896, 16, 137, 
Henry, ]5er 1877, 10, 2041) Michael suggests 
that befoie this additive compound is formed an 
unstable ' Kekul6 double molecule ’ is formed, 
pel haps by the coming into play of the two 
latent valencies of the oxygen atoms 


R 


^C=0< 

-OH 


OH 

Et 


Lt IS well known that many esters can form 
additive compounds with sodium ethoxide, and, 
therefore, presumably with ethyl alcohol, 
although compounds of the latter type have not 
been isolated Pcchmann (15er 1898, 31, 603) 
has been able to show that the esters of diortho- 
substituted benzoic acids cannot yield additive 
compounds with sodium ethoxide, probably 
owing to the space filling (steiic hindrance) of 
the group in the ortho- position ; by analogy, tho 
diortho- substituted acids would not yield the 
orthocarboxylic acid derivative at all readily, 
and this would account for the fact that diortho- 
substituted benzoic acids are not readily estenfied 
Catalytic estenfication According to Michael, 
the processes of direct and catalytic estenfica- 
tion are essentially different , tho former is a 
reacf.ion between the organic acid and alcohol, 
and the latter a reaction between the organic 
acid and an additive compound of the alcohol 
and catalyst (Ber. 1909, 42, 312). This reaction 
does not consist of addition to the carbonyl- 
group of the acid, but in union of the acid with 
the alcohol-catalyst complex to form a large 
‘ double molecule,* which decomposes immedi- 
ately into ester, water, and catalyst. The faei 


that esterification is facilitated by the presence 
of tho catalyst is accounted for by the assump- 
tion that the alcohol-catalyst complex contains 
a greater store of energy, is therefore more re- 
active than the alcohol itself, and can more 
quickly develop tho maximum entropy of tho 
alcohol-acid system It is questionable whether 
these views are in harmony with tho facts estab- 
lished by Wegscheider, viz that the same acid 
ester is obtained from an unsymmetneal dibasic 
acid, whether tho direct or catalytic method of 
esterification is adopted, provided that anhy- 
dndo formation is excluded. Goldschmidt also 
comes to the conclusion that the two processes 
are essentially different (Zeitsch Elektrochem 
1909, 16, 4) He claims to have shown that tho 
presence oi sodium tnchloracetate does not 
depress tho velocity of estenfication of tnchlor- 
acetic acid by the airect method, and, therefore, 
tho direct estenfication cannot be a simple case 
of hydnon catalysis Later experiments of 
Sudborough and Turner show that the presence 
of salts OI trichloracetic acid docs dimmish the 
rate of estenfication of the acid, and hence 
Goldschmidt’s conclusion is not justified. The 
fact that in direct estenfication the strength of 
tho acid IS an important factor is compatible with 
the view that the organic acid itself plays the 
same part in direct estenfication that the catalyst 
does in catalytic estenfication This view 
agrees again with the fact that tho reaction in 
certain cases of direct estenfication is bimolecular 
(Goldschmidt, Ber 1896, 29, 2208), provided 
the reaction is not between the 10 ns of acid and 
alcohol. 

Kailan (Monatsh 1908, 29, 799) is also of 
opinion that the processes of direct and catalytic 
estenfication are not analogous, since the 
addition of a small amount of water increases 
tho rate of estenfication of trichloracetic acid by 
tho direct method, but diminishes the activity of 
tnchloracetic acid when it is used as a catalyst. 

Vanous views are held with regard to tho 
function of the catalyst Goldschmidt and 
Uddy (Zeitsch physikal C^hem. 1907, 60, 728 ; 
comp also Ber 1906, 39, 711, and Zeitsch. 
physikal Chem. 1910, 70, 627) conclude that 
the hydnons of tho catalyst aio the active 
agents, since the activity of different acids is m 
the order of their relative strengths, e g. the 
relative values of the acids hydrochlonc, picric, 
tnchloracetic, and dichloracetic as catalysts are 
indicated m the order given, and the addition 
of salts of the acid used as catalyst diminishes tho 
activity of tho catalyst They further conclude 
that the hydnons umte with the alcohol, and 

that the complex ion (C 2 H 90 ,H) is the active^ 
agent. They suggest the followmg modified* 
formula for calculating the velocity constant : — 

K . c= hn+r+a) log,-^ -x 

where c = concentration of catalyst, n = 
concentration of water, and r — hydrolytic 
constant of the complex alcohol ion for 

(CgHeaH) r=l-6. 

The constants obtained by means of this 
equation agree bettor, and do not show the 
tendency to decrease as t increases, a tendency 
which is marked when thi constants calculated 
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by means of the ordinary equation for a um- 
molocular reaction are used. 

A marked exception to the depressing effects 
of the addition of salts is met with in the case of 
hydrogen chloride, where the addition of chlorides 
such as calcium chlonde, tetramethyl-ammonium 
chloride, and aniline hydrochloride, have no 
appreciable effect on the catalytic activity of 
hydrogen chloride (Goldschmidt . Sudborough) 

Many chemists are of opinion that m catalytic 
esterification, as in catalyse hydrolysis of estcis 
by means of mineral acids {see art on Hydro- 
lysis), a complex is formed between the substance 
transformed (acid in esterification and ester in 
hydrolysis) and the catalyst 1’his compound is 
probably an oxomurn salt containing quadra- 



valent oxygeii, e.n. R C\ . The salt, 

only small amounts of which may bo present, 
+ — 

IS ionised into (R (X)^H,H) and Cl, and the 
estciification proceeds by the reaction of the 
complex cation with the alcohol (Acree and 
Jolnson, Amer Chem J. 1907, 38, 334) , eg. . 

(R CotH,H) + C,H50H=R COaEt+H.O-f H 

and not with the ions of the alcohol as suggested 
by Lap worth This leaction is more rapid than 
the simple reaction between the acid and alcohol, 
and in this way the acceleiatmg effect of the 
catalyst is accounted for 

The letarding effects produced by small 
amounts of water are, accoiding to l^apwoith 
((Jhem Soc Tians 1908, 93, 21()7, 2190), duo 
to the water competing with the organic acid 
for the catalyst, and giving use to the com- 
‘}- 

plex ion (11^0, H), whicli is not catalytically 
active The fact that in alcohol containing 
water, the velocity of esterification at con- 
stant volume decreases more lapidly than 
the concentration of the catalyst (Gold- 
schmidt and Uddy, Zeitsch physikal Chem 
1907, 60, 735 , Kailan, Monatsh 1906, 27, 543, 
997 , Annalen, 1907, 351, 186), is also held to be 
opposed to the view that a complex hydiion is 
formed with the alcohol 

Work on the catalytic activity of strong 
acids tends to show that this activity is 
exerted m two ways • {a) by means of hydiions , 
(6) by the non-ionised acid, and that the effect 
due to the non-iomsed acid is greater for highly 
lomsed than for slightly lomsod catalysts. In 
methyl and ethyl alcohol the retarding influences 
of water on esterification is of much the same 
magmtude for different acids, and this is held 
to support the view that an intermediate com- 
pound of alcohol and catalyst plays a most 
important part m the change (Goldschmidt and 
Thuesen, Zeitsch. physikal Chem. 1912, 81, 
30). 

Compare also Snethlage, ibid. 1913, 85, 211 ; 

1915, 90, 91 and 139 , Acree, Amer Chem J 

1912, 48, 352 ; Dawson and others, Chem Soc. 
Trans. 1913, 103, 2135; 1914, 105, 1093, 

1916, 107, 1426; 1916, 109, 1262; McBain 
and Coleman, ihid 1914, 106, 1517; H S 
Taylor, Zeitsch. Electro Chem. 1914, 20, 201. 

(For the conversion of acid amides mto esters, 
and for the transform rtion of methyl into ethyl 
VoL. IT.— r. 


esters, both processes of alcoholysis, see ait 

Hydkolvsis.) j j 8 

ESTON. 'J’rado name for basic aluminium 
acetate. Used as an antisi'ptic powder in 
dressing wounds 

ESTORAL e S\NTHliTl<3 UKUtiS 
ESTBAMADURITE V Feuth.tseks 
ETA (E) ACID. l-Naphthylamme- 3 . 8-di- 
sulphomc .uid v Nvi'hihalene 
ETELEEN. 3 ’iig<illic acetal 
ETHALe WiXEs 

ETHYL ('2H5 01 (^H,— CH. is a univalent 
basylous radic.il not known in the fiee stat(‘, 
the body C4HJQ or ((SHg)^ which was namccl 
ethyl (afteiwards diethyl) by its discoverer, 
Frankland ((ffiem 80c Tians 2, 263), being 
now rc^garded as butane 

Ethyl acetamide v Ethylammc {uifta) 

Ethyl acetate v Acetic acid. 

Ethyl acetoacetate v Ketones 
E thyl alcohol v Au ohol 
E thyl antimonite (C^ll50)3Sb , bp 115°- 
120°, fiom action of C^HgOH upon Sb^O, in 
neseiue of anhydious (hi804 , colouiless 
iquid (McKey, Chem 8oe Trans 1909, 95, 604) 
Ethyl arsenite ((' Jl50)^A8. A liquid foiined 
by action of ujion As40« in presence of 

anhydrous Chi804, the yield being 4 5 p c (Lang, 
McKey, and Goitncr, Chem 8oc Trans 1908, 
93,1368) Accoiding to Crafts (Bull 80c cliinj 
1870, 11 14, 99), it IS obtained in veiy small 
yields by 

(1) Action of KtjSiO^ upon As40g at 200° , 

(2) Action of Ag3As03 ujmn Etl at 150° , 

(3) Action of AsBr, u])()n NaGKt 

Auger ((^oinpt rend lt)06, 143, {)07) obtained 
a yield of 1 2 p c by heating KtOH and As4()g 
in a sealed tube far above the boiling-point of 
the alcohol 

Ethyl arsenate. A liquid boiling above 200° 
with paitial decomposition Decomposed by 
water immediately Foimed by heating together 
j m sealed tubes at 100° Ag3As()4 and Etl ((.hafts. 
Bull 80C chim 1870, 11 11, 99) 

Ethyl boride ((10115)311 Ttulhyl hondc, 
Bor ethyl , b ji 95° , sp gr 0 69() at 23° , V 1) at 
132° 3 598 ; at 101 6° = 3 76 , cak = 3 399 

From action of ZnlCoHs)^ upon (C^HgljBO,, or 
from BCI3 and Zn((\HG2 (Frankland, hhans 
Roy 80c 1862, 167 , Pioc Roy 8oc 1876, 
25, 165) 

A spontaneously mflammable, colouiless 
liquid buimng with green flame ; decomposed by 
HCl, evolving CgHg, and forming B(C2H5)3C1 
Is slowly decomposed by water, and destroyed 
by HNO3, with foimation of boric acid Absorbs 
KH3, foiinmg an oily licpiid ]SJH3B(( -,115)3 of an 
aromatic odour, which is faiily stable even in 
contact with O B(C2H5)3 absorbs O and foims 
> tip 125° This, by the action of 
water, yields ethylboric acid B(C2H5)(OH)2, 
a crystalhno solid resembling naphthalene in 
appearance , can be sublimecl at 40° , has a 
sweet taste, and acid action, but does not combine 
with bases By action of Zn(C2H5)2 upon this 
body wo get B(C2H6)(0C2H5)2 and B(OC2H5)3 , 
b p 112° , V D. (dissoc ) 2 78. By further action 
of Zn(C2Hg)2 upon ethylbonc acid we get 
BfCaHJgOfJaHg ; b p. 102° , V D. = 3 914 
Water converts this mto B(C2Hb)20H, a 
spontaneously mflammable liquid, which absorbs 
c lygen, yielding B(C2H50)C2Hg*0H ; m.p. 8°. 

2 u 
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Ethyl bromide Hydrdbromtc or 

Bromhydnc ether; m p —116 0“ (Ladcnburg 
and Krugel, Bor 32, 1818), —125 6“ (Schneider, 
Zeitsch. physikal Ohem. 22, 233) ; b p. 38 22® 
(oorr ) (Thoipc and Rodger, Phil Trans. 1894, 
A, 11, 472), sp gr 1 4189 at 15“ (Mendeleeff), 
I 4733 at 0“ (Pierre), 1 4()85 at 13 5“ ; crit 
temp 236“ (Pawlewski, Ber. 16, 2633) 

Ptcparahon — 1 J^y action of P and Br upon 
alcohol (tSorulkus, Ann (.him Pliys [2] 34, 99) 
40 parts rod P and 160 parts absolute alcohol aic 
slowly mixed with 100 parts Br, kept cool until 
all action is over , the mixture ls then distilled, 
and the distillate puiified by washing with 
water and lectilication (Pei’sonno, Oornpt rend 
52, 468) — 2 Absolute alcohol is heated with Br 
<uid distilled, and the distillate is freed from 
excess of Br by washing with KOH and redistil- 
lation (Lowig, Annalen, 3, 288) — 3 4 paits KBr 
and 5 parts of a mixture of 2 parts H0SO4 and 
1 pait alcohol of 96 p c are distilled, and dis- 
tillate purified as above (J)e Vrij, J 1857, 441 , 
Tabourg, Bull Soc chirn 1911, fiv | 9, 124) 
Weston (Chem Soc Trans 1915, 108, 1489) has 
given details of a modification of l)c Viij’s 
method, using sodium biomide in place of 
potassium biomide and paying attention to the 
rate of heating, whereby yields of 80-90 ]) c 
of the theoretu al amount of pure ethyl bromide 
can be obtained {rf Holt, Chem Soc Tians 
1916, 109, 1) — 4 CJi^ in presence of AlBr3 
at 0“ combines with HBr to foiin (CH^Br 
((histavHon, J Russ Phys (’hem Soc 16, 95) 
To prepare pure (’^RgBr, the commercially 
pure bromide is shaken with H2S(.)4 and allowed 
to separate It is then shaken with dilute 
alkali and distilled with 10 p c of sweet almond 
oil (Adrian, Chem Zentr 1895, 1 20) 

Ethyl bromide is a colouikvsb lupiid with a 
sweet taste, and burning after-tiuste Its vajiour 
Juus anaesthetic piopeitics (Robin, Compt lend 
34, 649, Webster, Bio. Chem J 1906, 1 328, 
(Jole, J Physiol 29) It is slightly soluble in 
water, and miscible with alcohol and ether 
The vapour ls decomposed by heat, yielding 
(’2114 and HBr, or, if the tempeiatuie bo higher, 
(J IS deposited (Lowig) Bums 111 air with a 
green flame, evolving II Bi By introduction of 
(’I two isomeric bodies of the composition 
C2H4ClBr, bp. 84 5“ and 104“-108“, and 2 
isomerides of composition C2H3CLBr, b p 137“, 
151° (Lescoeur, Bull Soc chim 1878, 29, 483) 
are obtained At 100“ Br reacts, foiming 
OH^BrCH^Br, whilst at 200“ CH^C^HBr, is 
the product (Meyer and Muller, Bei 24, 4247 , 
J pr Chem [2] 46, 161) By action of Bi ancl 
P upon alcohol, we get, fuitlier, C,H4Br2, 
bp 160°; C2H3B13, bp 180°; 0;H2Br4. 

bp 196°-200° (Bertrand, Finot, Bull Soc chim 
34, 28) (v Ethylene h)omide) Heated with 
AlBr^, yields successively C2H4Br3,C2H2Br4, 
and (J2Brg (Mouneyrat, Compt rend 127, 109) 
With ammoma it yields NH2(C2Hg),HBr , and 
with ethylamine, diethylammomum bromide 
NH(C2H5)2,HBr ; similarly, with die thylammc, 
it yiel^ N(C2H5)3HBr. 

Ethyl chloride CgHgCl CJdorhydnc or Ily- 
drocJdonc ether; m p. —142 5° (Schneider, 
Zeitsch. physikal Chem 22, 233) ; b.p. 12 6° 
(Regnault, J 1863, 67) , cnt. temp. 187 2 ; 
ent press 51*7 atm (Berthoud) ; sp.gr. 0 9214 
at 0° ; 0 9176 at 8°, 0*920 at 0° (Pierre), 0*£51 


at b p. (Ramsay, Chem. Soc. Trans. 36, 470) ; 
S.V 76 8 (Kopp). (Robiquet and Cohn, Ann 
Chirn. Phys [2] 1, 343 ; Regnault, tbtd. 71, 355 , 
Kuhlman, Annalen, 33, 108 ; Lowig, Pogg 
Ann 14, 346 , Gm 7, 367 ; Gerh. 11, 308 ) For 
a table of its vapoui piessure between —30“ and 
+ 100“, see Henning, J Soc Chem. Ind. 1920, 
I T 

Known as far back as 1500, and its 
piepaiation demiiled by Glauler in 1648. 
From alcohol by the action of SgClg or metallic 
chlorides (Roiielle [1759]) , from alcohol and HCl 
(Basse [1801]). (Jomposition first ascertained 
by Robiquet and Cohn Also formed by action 
of Cl upon C2Hg (Darling, Annalen, 150, 216), 
and of H( U upon ether in sealed tubes (Berthelot) 
The action of HCl upon alcohol gives a very 
poor yield of (^211563, unless ZnCl2 is added to the 
alcohol before passing m HCl (Groves, Chem 
Soc Trans 1874, 636) Kiuger (J pr Cfliem 
[2] 14, 193) recommends that a mixtuie of 1 
part of ZnClg 82 parts of alcohol should be 
saturated with HCl gas in the cold, and then 
heated to boiling, HC3 being passed in during 
distillation A lelliix condenser stops the alcohol 
vapour, and the C2H5C’l passes on anu is 
collected in a well-cooled receiver 

The formation of C’oIIgCl in this piocess is 
paitly due to the action of H(J1 upon alcohol, 
and partly to the union of the nascent 
with HCl (Schoilemmei, Chem Soc Trans 
1875, 308) , this view is sustained by the fact 
that if amyl alcohol be thus tieatcd, both 
piimary ancl secondary amyl alcohol aie ])io- 
duced, and the latter can only be foimed fiom 
the ladical C5FI10 Ethyl c blonde is also 
formed by the action of FCI5 upon alcohol, and 
also, to some extent, by the action of Cl upon 
alcohol Hence the foimation of ethyl chloride 
m the manufacture of chloral 

It IS a colouiless mobile liquid , has a pungent 
ethereal smell, and a sweetish taste, is in- 
flainmable and burns with a green-edged flame, 
evolving HCl It is spaiingly soluble 111 water 
(1 pirt m 3000), but mixes icadily with 
alcohol and ether It dissolves phosphorus, 
sulphui, fats, oils, and many icsins It combines 
With many metallic chloiides — e g JSbClg, Fe2Cl(j 
— to foim crystalline compounds. Mainly usecl 
for Ethylation 111 the maiiufactuie ol dye stutts 
and drugs, and as a lefiigerant and solvent 
It IS used in medicine like ether, but, oil 
account of its volatility, it is mixed with an 
equal volume of alcohol, and is then known as 
' alcohohbcd muriatic ether, B.P.’ It is de- 
composed at a red heat into (’3114 and HCl , 
at higher temperatures carbon separates, and 
(Tl4,H, and HCl are set free Strong HNO3, when 
boding, liberates HCl and forms C2H5NO3 in 
small quantity (Thenard, Boullay) SO3 absorbs 
it, forming SO 3 C2H5CI, a fuming liquid, bp. 130° 
— probably the three isomerides C0H5O SO2 Cl, 
CH2 CICH2 SO2 OH, and CH2(OH) Cl 

(Purgold, Zeitsch Chem 1868, 669 ; Ber. 6, 602). 
When vapour of CgHgCl is passed through 
boding H2»S04, HCl is evolved (Thenard), also 
C2H4 and SO2 (Boullay). When the vapour is 
led through a tube containing heated soda-lime, 
a mixture of CH4 and H is evolved, and 
NaCgHgOa and NaaCOg are formed (L. Meyer, 
Annalen, 139, 282), whde, according to Dumas 
and Stas, CaH4 and ITaCl are formed. On 
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AgNOg, 02^6^1 has no action until after pio- 
longed contact, but even after some months 
only a very small quantity of AgCl is formed 
(Thenard, Boullay) ; but AgCl is lapidly thrown 
clown when CoHgCl is heated with a solution of 
AgNO^ in sealed tubes (Cl C Foster) 

Heated with bromine and non wiio at 100°, 
Cl2H5Br and ethylene dibromide arc formecl 
(V Meyer and Betrenko-KiitbcJienko, Ber 25, 
3307) 

NHg has only a slight action at ordinary 
temperatures, but on heating a mixture of NHg 
and C^H^C^l, ethylene and a deposit of NH4CI aio 
formed (l)umas and Stas, Ann C9iim Phys 73, 
154) When a mixtino of ctheioal NHj ancl 
O2H5CI IS exposed to sunlight, crystals of cthyl- 
amine hydroehloiide separate (Stas) When 
heated with alcoholic NH3 to 100° m sealed tubes, 
Nll2(C Jl5),H(d IS aiso produced, together with 
traces of jS[H(C2H5)2,HCl and 
(Groves, Chem Soc Trans. 18()1, 13, 331) 
KOH slowly removes CU fiom G2H5C3, yielding 
(m aqueous sol ) alcohol and KGl Alcoholic 
KOH and C^HgCd heated to 100° in st‘aled tube 
deposits KOI and foims (COttg),!) (Balaid, Ann 
Gliirli Phys [3| 12, 302). Passed into heated 
sol of K2'\ ethyl sulphide is foimed, with 
alcoholic KHS, mercaptan is foimed (Beg- 
nault) 

(3iloime m the sunlight yields di-, tri-, 
tetia-, penta-, and hexa- chloto- deiivatives of 
ethane (Kegnault) , of the chchloto- derivatives 
OHj (TlC'l2 th(‘ mam pioduct If, however, 
ethyl chloiido is heated with a halogen caiiiei, 
OH201(dl201 is the duet pioduct (DAhns and 
Kautzseh,J pi Olieni [2] 1909, 80, 305 , Staedel 
ibid 303 ; Her 0, 1403 , Meyei and Mullei, 
J pr Chem [2J 4b, 1()1) 

Trichlorethane O2H3OI i 

1 ('hloiethyh ni' ddoiidc (JII,C1 ('H(4> , bp 

115° (Pieire, Annalen, 80, 127), 113 7°“at 7b0 
mm (Stadel, Bci 15, 25()3), 113 5°-n4° at 
753 2 (Schih, Annalen, 220 97) , sp gr 1 4223 at 
0° (H), 1 4577 at 9 4°/4°, 1 2945 at 113 574° 
(Scliiir, 1 440b at 25 b°, 1 4719 at 22° 

Bx =42 2b (Kanonnikow), from C’2HjCl (Beg- 
iiault, Ann (3iim Phys [2J 09, 151), or 
0H(3, (dlj (Meyer and Muller, J jir (4iem [2] 
40, 174), and iSbClj 

2 Ethenifl tritklonde OH3 COI3 ; bp 74 5° 
(Geuther, J 1870, 435), 74 1° at 700 mm 
(Stadel, Ber 15, 25b3) , sp gr 1 3405 at 0° 
(Pierre, Annalen, 80, 127), 1 372 at 10° (Beg- 
nault, Annalen, 33, 317), 1 3057 at 0°, 1 3249 at 
20°; ^^=14199 at 21°, Rx=42 0 (Kanon- 
nikow) ; by the chloimation of ethyl chloiido 
(Begnault, ihid 33, 317) Decomposed by 
sodium ethoxide, giving C^HaChO C2H5, C2H4( >2, 
and C2H3(OEt)3. 

Tetrachlorethane (' 2 H 2 OI 4 . 

1 iw-OHgCl OOUg , b.p. 135° (Begnault, Ann 
Chim Phys [2] 69, 162), 138 6° (Pierre, Annalen, 
80, 130), 136 1° (corr ) (Geuther, Biockhoff, J. 
1873, 317); sp gr 16110 at 0° (P ), 1570 
at 19° (R), 1-6825 at 0°, 1 6424 at 26°, 
at e=l 4772-0 000437^ ; Rx =50 72 (Kanon- 
mkow). kkirmed by chlorination of ethyl 
chloride (Laurent, Annalen, 22, 292) , or action 
of Cl upon CH^Cl CHCljj (Begnault) , by heat- 
ing at 110° acetylene tetracnlonde and AICI3 
(Mouneyrat, Bull. Soc. chim. 1898, 19, 499). 


De(onipo‘-cd by sothuiu ethoxide mto 
CoHCl^ O C2H5 and CHAOt^H,)^!) .Na. 

. 2. 6--CHG1, OHClg ; b p 147 2^ , sp gr. 

4°/4°--l 6208^ 17°/17° = 1 6013, at 17°= 

I 496587 ±0 000006 (Veley, Pioc Boy. Soe. 
1910, B 82, 217) , Bx =50 0 (Kanonnikow). 
Fiom ('jH, and Sb(4, (Berthelot, Jungllcisclu 
Annak-n, 811 ppl 7, 254), fiom dichloraldchyde 
and PCUr, (Pateino, Pisati) , fioin ethylene 
chloiide and AK'H at 75° if (’1 and 

mto the mixtuie (Moumyiat) , by lung heating 
yields HCl and C'gt 

If S^GI, and 1 p e of its weight of leduced 
iron be satin ated with (4, and it the exiess (’1 
be lemoved with (d)^, and tlum diy aeetyleiu- 
be piussed in at a timipeiature of 40°, and tho 
eyelc repeated until no iuok' ('My is absorbed, 
sym-tetrachloroethane, pentac hloioetliane, and 
hcxachloroethane are pioduced, the two Jaitei 
m small quantity (Michel, Z(‘its( fi angi'w ('hem 
1906, 19, 1095) dhe .s?//i/-tetiacbloielliane is 
distilled oft fiom tlie niixtuio, eit-hci alone 01 
111 steam (D B P 17401)8, Chem Soc Absti 
1906, 1 109) 

Pentachlorethane GlK'I.GCl,, bp 159 1° 
(coir), 1617°at7b0mm (Stadel), m ]> l8 , 
sp gi 1 7089 at 0°, 1 ()92() at 10 15 74 ’ (Thcipc^, 
Ghem Soc Tians 37, 192), 4871 «it 

25 1° , B-x = 59 05 (Kanonnikow) i5y ac tiou 
of chlorine upon (^H ,('l also fiom cbloial 
and PGlj (Pateiiic), Annahm, 151, 117), 01 AK'Jg 
(Mouneyiat, Bull Soc clnm 1898, 19, 2()0) 

Hexachlorethane GtdjCX’lg (c ('a^bov 

II ichlol ld('f ill t G \ RIK ) NT) 

(Foi mixed hiilo^en deiivatives of ethane, sec 
Mouneyiat, Hull Soc tlnm 1898, 19, 499 , 
Swait/, Bee tiav ehim 17, 231 and 235 , Ihdl 
Acad Boy Helg 3b, 519 , ibid 1909, (>() and 728 , 
ibid 1899, 11 281 , K11)h and Newmaiin, J pi 
Ghem 1898,58,245, Bdt/, Hti 1902, 35, 3524 , 
Lemoult, Gompt lend 1903, 13(), 1333 , Px'sson, 
Bull Soe chim [3| 11,920, Ned, Annalen, 298, 
353, 354, 358, and 3b() , 'riiielc' and Pidei, ibtd 
309,149 Lawne, Amtr Ghem J P)0(), 3(>, 187 ) 

Ethyl esocyanate, Idbt/l itubuitid(, 
G,I:Ir,N (y () , bp 00 ’ , sj) gr 0 8981 , heat 
of formation (Lemoult, ('ompt iimd 1898, 12(), 
43) ; absorption spectrum (llaitley, Dobbie 
and Walker, ('hem Soe Tian^ 1901, 850). 
By tho action of dry KGNO upon KG.Hj-^SOq «it 
180°-250° (Wuit/, Ann Glum Phys” 1854 13] 
42, 43) , distillate is a nu\tuH‘ of ?soiyanat(‘ and 
?*ocyanurate, which can easily be sejiaialed by 
distillation By ]).issing ('NBr into absolute 
alcohol and ether (Ponomarew, l»ci 1882, 15, 
515, Muldc'i, Bee tiav chim 1,210, 2, 133), 
by passing ('NBi (Mulder, ibtd 3, 30b) 01 GNGl 
(Gloez, Gompt lend 44, 428 , Annalen, 102, 
.355) mto G^HgONa in absolute alcohol , by the 
action of eliazomethanc on 5yni-ctli}lnitrouiea 
(Degncr and Pechmann, Ber 1897, 30, (>53) , 
by heating the mercuiic chloride deiivative of 
I ethyl thiolcarbamate (Anschutz, Annalen, 1908, 
359, 202) 

j In 1895 Ncf {ibid 287, 310) showed tliat the 
j compound hitherto known as ethyl eyanate w iis 
' ethyl Isocyanate. Ethyl isocyanate is a mobile 
I liquid having a sutfocatmg smell It is decom- 
posed by water into diethyleaibamide, and by 
ammoma mto ethylcarbamide 

I Ethyl cyanide, Propionitrile GgHjGiN, 
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iii.p —103 5° (Schneider, Zeitsch. phvbikaL 
Chem 22, 233), bp. 98 1 ° (corr.) (Engler, 
Amialen, 133, 153) , 97 08° (con ) (Thoipe, 

Chem Soc. Trans 37, 205) , sp gr. 0 8010 at 0^, 
0 7938 at 7 3074° (Thoipe), 0 7015 at 9774° 
(Scliitf, Her 19, 507) , H C 440 7 Cals (Berthe- 
lot and Petit, Compt rend 108, 1217) , latent 
heat of vapouiisation ( l^ouguimne, Chem Zentr 
1900, 1 451) , molecular refraction 25 10 

( Bruhl, Zeitsch physikal Chem 10 , 214 ; 
Eykman, Roc trav chim 12, 172, Costa, J. 
1891, 330) ; magnetic rotation (Perkin, Chem 
Soc. Traas 55, 701), cut temp 2912°, crit. 
density 0 2401 (Ter-Ga/anan, J Chim Phys 
1900, 4, 140) 

Prom Ba(C 2 H 5 S 04)3 and KCN (Pelouze, 
Annalen, 10 , 249), from cyanogen chloiide and 
Zn(C 2 ll 5)2 (Gal, Zeitsch (!hem 1808, 252), 
from Zn(C 2 1 ^ 5)2 and (CN )2 (Prankland and 
Graham, Chem. Soc Trans 37, 740), from 
propjonamide and P 2 O 5 (Dumas, Malaguti and 
Leblanc, Annalen, 74, 329) By heating ethyl 
Mocyamde to 240° (Nef, ibid 280, 290) 

Preparation — By heating C 2 H 5 I with puie 
KCN and alcohol to 180° , C 2 ^fL’l dissolved in 
three times its weight of alcohol is heated with 
KCN to 100° or 150° (Rossi, Annalen, 159, 79) 
C 2 H 6 I 18 heated with KCN m closed tubes to 
180°, and the product distilled, and the distillate 
IS freed from excess of C 2 II 5 I by means of a 
solution of CaCl 2 , upon which the C 2 Hf,CN 
swims, while the heaviei Cali 5 ! sinks to the 
bottom (Williamson, Plul Mag [4] 2, 205 , 
Gauthiei, Ann Chim Phys [Ij 17, 180) 

It 18 a mobdo colourless liq^uid with an agree- 
able odoiii, soluble in water, from which (Jada 
or NaCl causes it to sepaiato , miscibility with 
water (Rothmund, Zeitsch physikal Chem 20, 
453) , V D 1 928 it combines with the 
hydraeids, cq HCl , the product CgllgNlKd 
forms raonoclinic prisms soluble m water and 
meltmg at 121° (Gauthier) HCl gas passed 
into a wcll-cooled solution of the cyanide in acetic 
acid gives acetyl chloiide and C 2 H 5 C 0 NH 2 ,HC 1 
(Colson, Bull {Soc chim (3] 17, 57) Chloiine 
combines with (^jHj,N to form diehloipiopioiii- 
tiilo CH 3 CCI 2 CN, a liquid body, b p 103°-107°, 
which polymerises on standing to a solul 
(C 3 H 3 Cl 2 N )3 Piopiomtrde also forms com- 
pounds with metallic chloiides and with cyanogen 
cliloiide C 3 H 5 N CNCl IS a liquid decomposed 
by water , b p ()0°-08° (Heneke, Annalen, 
100, 280) Compounds with AICI 3 {v Periier, 
Compt lend 1895, 120, 1423) Piopiomtrile is 
hydiolysed by at ids or alkalrs yielding propiomc 
acid , electiolytic reduction yields /t-piopyl- 
amino (Ahiens, Zeitsch Elektiochem 1890, 3, 
99) By the action of metalhc sodium, poly- 
merisation ensues, the products being sodium 
cyanide, ethane, and a-iminopropionylethyl 
cyanide (Meyer, J. pr. Chem. [2] 38, 320 , 
45, 03) 

Ethyl i6‘ocyanide, Ethyl carbykimme 
C 2 H 5 N C ; bp 79° ; sp gr. 0 759 at 4°, 0*7150 
at 44 5° (Gauthier, Ann Chim Phys. [4] 17, 
233) ; molecular refraction 16*20 (Costa, Gazz. 
chim. ital 22, 1 104) By the mteraction of 
C 2 H 6 I and AgCN (Gauthier, Annalen, 151, 239) , 
by distilhng KCN with KC 2 H 6 SO 4 , propio- 
mtrile also bemg formed ; by digesting ethyl- 
amine with chloroform and alcohohe potash 
(Hofmann, ibid, 147, 107k 


It IS a colouiless hquid having a very repul- 
sive smell. It IS transformed into propionitiile 
by heating at 240° , by heatmg with alcoholic 
HgS cthylthioformannde is produced ; with 
sulphui and CS 2 ethylthiocarbimide ; combmes 
with CNCl, with C 2 H 5 CI at —10° yields 
C 2 H,N(C 1 ) 0 C 2 H 5 (Nef, ibid. 280, 296). HgO 
oxidises it to C 2 II 5 N .0:0. Yields a chloride 
C 2 H 5 N (/CI 2 , by tioatment with SOgCl m ether 
at —15°, an oil, bp 102° (Nef, Zc) Yields 
a biomide, C 2 H 5 N . (JBr^, with bromine m 
CHCI 3 This gives ethylamine dibromide with 
water, ethyl i^ocyanide dibromide hydrobromide 
and ethylthiocarbimide with H^S, ethyl iso- 
cyamdo dibromide hydroclilorido with dry HCl, 
an oily ethiodido with ethyl iodide, and diphenyl- 
ethylguanidino with aniline (Guillimand, Bull 
Soc chim 1904, 111 31, 005 , 1905, m 33, 052) 
Compounds with cobaltous, feiious, and feme 
chlorides {v Hofmann and Buggo, Ber 1907, 
40, 3759) (For further reactions, v. Nef, l.c ) 

Ethyl derivatives of cyanuric acid. Although 
cyanuric acid exists in only one modification, 
probably the t.‘.o-(lI ) esters derived from the 
tautomeric forms (I. and II.) are known. 

N NH 

/\ /\ 

HO V C OH 0 C CO 

I. 11 I II I 1 

N N II N N H 

\/ \/ 

U OH 0 0 

NoimaJ Ibo 

Ethyl cyanniate (C 2 H 50 CN) 3 , m j) 29°, 
bp 275° ((dacsson, J. pr Cliem [2] 33, 131) 
J5y action of CNCU on CoH-ONa (Hofmann. 
Ber 19, 2001), also fiom ( 52 H 50 Na (3 mols ) 
and trimethyl cyanurate (H) , fiom C^NI 01 
CNBr and C 2 H 5 I (Ponomarew, Bull Soc chim 
[11 ] 41, 315) , by heating the lead salt of the 
diethyl ester (P.) , together with ethyl i 60 - 
cyanurate by treating silvci cyanuiate with 
CMIrT (C , P); from di-potassium tyanuiate 
and CoH,! (P ) 

Oily liquid readdy soluble 111 alcohol, ethei, 
CHCI 3 and CIS 2 , spaimgly so m water Con- 
veited into ethyl i 6 ocyanuiate by long heating 
at 180°-200° , yields cyanuiic acid with HCl, 
cyaiiuiic chloride with PCI 5 , mclamnie with 
stiong ammonia and the diethyl estei with 
baryta water 

Diethyl cyaniiraley Dicthylcyanui ic acid 
H 0 (CN) 3 (C 2 H 3)2 (Ponomarew, Ber 18, 3207 , 
Hofinaim, ibid 19, 2077) By warming ethyl 
cyanurate with concentrated baiyta watei , by 
treating methyl cyanuiate or mono -potassium 
cyanurate with C 2 H 5 I 

Thick plates from water, insoluble in other, 
sparingly soluble in alcohol Decomposes on 
heating into diethyl ^^<ocyanurate , yields 
cyanuric acid on warmmg with HCl Pb salt 
and C^Hgl yield tnethyl cyanurate, but if 
CgHgl contains free I, tnethyl ^50cyanurate also 
formed. 

Ethyl isocyanurate, Triethylcarbimide 
(C 2 H 5 NC 0)3 , m p 95° , b p 276° , abeoiption 
spectrum (Hartley, Dobbie and Walker, Chem. 
Soc Trans. 1901, 849) , heat of formation 
(Lemoult, Compt rend. 125, 869) By poly- 
merisation of CgHfiNCO (H. D and W.) ; also 
from potassium cyanat 3 or cyanurate, or from 
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Pb salt of the diethyl ester and KC2H5SO ; 
by heating ethyl cyanurate at 180°-200° ; 
together with ethyl cyanurate from silver 
cyanurate and CgH ,I (Habich and Limpncht, 
Annalen, 109, 102) 

Rhombic prisms (Ramraelsberg, J. 1857, 
273 ; Fock, Ber 19, 2076) moderately soluble 
in hot water, readily so in alcohol. KOH 
yields N(C2H,)H2 and K2CO3. 

Diethyl isocyanurate^ Diethylcyamiric acid 
H(NC0)3(C2H5)2, m p 173° Obtained in pre- 
panng the tnetliyl ester (Habich and Lim- 
pncht, lx ) ; together with cyanunc acid by 
heating anhydrous mono -potassium cyanurate 
with OgHr,! at 170°-180° (Ponomarew, Ber 18, 
3270) ; by heating diethyl cyanurate (Hofmann, 
tbid. 19, 2078) 

Hexagonal columns, readily soluble in hot 
water, alcohol, and ether, sparingly so m cold 
water. Yields COo and N(C2H-)H2 by heating 
in a sealed tube at 100°. Pb salt and C2H5I 
yield ethyl ^.90cyanurate 

Ethyl diketobutyrate v Ketones 

Ethyl ferrocyanide ((^2H,)4he(CN)« From 
Ag4Fe(0N)e and C^HrJ (Freund, Ber 21, 935) 
Rhombic crystals from CHCI3, easily soluble m 
water and alcohol, insoluble in ether, ligrom, 
and C82 Decomposed at 212°-214°, with forma- 
tion of ethyl ?5ocyamdo The aqueous solution 
gives a deep violet tint with Fe0l3, and a white 
precipitate with HgClj Molecular weight by 
eryoscopic method indicates the monomolccular 
formula (Buchbock, Zcitsch physikal Chem 
23, 157) 

Ethyl fluoride C^HgF Obtained impure by 
action of (>aF2and H.,S04uponCoH30H (Reinseh, 
J pr Ohem 1840, H), 314) ; by heating KC2H5S4 
and KF HF (Fremy, Compt rend 1854, 38, 
393) Prepared pure from AgF and 
(Moissan, Ann Chirn Phys 1890, [61 19, 272) 
Colourless gas with ethereal odour, liquefying 
at --32° under atmospheric pressure Bums m 
air with a blue flame Readily soluble in 
CjHgBr, C^H-I, CgHr.OH, and ether Decom- 
posed at 100° by heating with KOH in a sealed 
tube into KF, O2H gOH, and ether 

Ethyl formamide H (KlNHCTIg ; b p 199° , 
sp gr 0 952 at 21° By distilling an aqueous 
solution of H COONH3(C2HO ; separates fiom 
distillate upon addition of KOH (Lmnemann). 
By action of NH2(C2H5) upon 0(^3 (^HO 
(Hofmann, Ber. 5, 247) ; a thick colourless 
liquid. 

Ethyl formate HCO^CgH,; bp 54 4° at 
760 mm., sp.gr 0 9376 at 0°/4° ; bp 53 4°- 
53.6° at 754 4 mm , sp gr. 0 8731 at 53 4°/4° 
(R 8chiff, Annalen, 220, 106) , b p at 760 mm 
54 3°, sp gr 0 9480 at 0°/4° , critical tempera- 
ture, 235 3° ; critical pressure, 35,550 mm 
(Young and Thomas, Chem Soc Trans 1893, 
1193). Capillarity constant at boilmg-pomt, a“ 
= 4 528 (Schiff, Annalen, 223, 75); HO p 
388 cals. (Berthelot, Ogicr), 391-7 (Delepme) 

By distilling a mixture of 6 parts alcohol (90 
c ), 7 parts sodium formate and 10 parts (cone ) 
2SO4 fLiebig) , by distilling a mixture of ethyl 
oxalate with oxalic acid (Lowig, J 1861, i>99) , 
by heating a mixture of glycerol, oxalic acid, 
and alcohol in a reflux condenser, and then dis- 
tillmg (Lorin, Bull. Soc chim [li ] 5, 12) On the 
large scale a mixture of 9 parts of starch and 
29 parts of MnO, (of 85 p c ) is heated with 2o 


[ parts of H2SO4, 5 parts H2O, and 15 parts of 
I alcohol (85 p 0 ) (Stinde, Dingl. poly. J 181, 
402). 

• A mobile colourless liquid with a pleasant 
aromatic smell ; is used for flavouring arrack 
and rum ; is decomposed by water, for which it 
has strong affinity kSodium in absolute ether 
decomposes it into CO,H and (J^H^ONa (Freer 
I ahd Sherman, Amer Chem. j" 18, 581) Cl 
forms with it m sunlight dichlorethyl formate 
H COgCoHgCl,, a colourless oily liquid, decom- 
posed on heating, and which by action of 
alkalis IS decomposed into acetic, formic, and 
hydrochlonc acias By further action of Cl m 
sunlight, perchlorethyl foirnate Cl CO^CoCIj, bp 
200°, sp gr 1 705 at 18°, is foimed (Clo(‘7, Ann 
Chim Phys (3] 17, 297) 

Ethyl hydrate v Alcohol 

Ethyl hydride. Ethane, Dimethyl CoH^ 
(Frankland and Kolbo, (!hem Soc Trans 1, 60) , 
mp. -1714°; bp at 749 mm -85 4° (Laden - 
burg and Krugel, Ber 32, 1821), —172 4° and 
— 84-1° ((Wioso and Bell, J Chim Phys 1912, 
10, 497), -88 5° (Maass and McIntosh, J Amer 
(fliem Soc 1914, 36, 737), -89 3° (Burrell and 
Robertson). Gas ; sp gr 1 036, condensed at 
4° and 46 atmospheres ])ressure ((^ailktet, J 
1877, 68); critical constants {v Hainlen, 
Annalen, 282, 245 ; Olszewski, Ber 1894, 27, 
3306, and Keunen, Chem Zentr 1897, 11 
540 ; Cardoso and Bell, Z c ) , heat of vaporisa- 
tion 14 6-|-]0'° ergs per mol ; density at the 
b p 0 5490 (Maass and McIntosh, Ic) ; sol m 
water at i° 

9 4556-0 35324/+0 006278^2 
( 1 ) - 

8 710 -0 33242H0 00603^-* 

100 

(1) Schickendants (Annalen, 109, 116), (2) 

Bunsen (Gasometry) Sol in alcohol=l*5 
(Berthelot, J 1867^ 344); H(' p 373 3 Cals. 
(Th )=372 3 (Berthelot, Ann (’him Phys [6] 
30, 559); H.F (from amorplious C) = ll 7 
Cals (B ) ; occurs m crude petroleum 

Pittsburg gas consists of ethane mixed with 
a little CH4 and CO,, and is used for smelting 
and lighting purposes. 

By action of K upon CgHgCN, also by action 
of water upon Zn((’2H (Frankland and Kolbe, 
Chem f^oc Trans 3, 338) ; by action of Zn upon 
C2H5I in presence of water ; by electrolysis of 
acetic acid or acetates (Kolbe, Annalen, 69, 279) , 
by heating 9 parts of C,H5l with 2 6 parts of 
AICI3 to 140° or 150° (Kohnlem. Ber 16 562) ; 
by action of Hg(C2H5)2 upon H2SO4 (Schorlem- 
mer, Annalen, 132, 2.34) ; by heating an excess 
of BaO, with acetic anhydride and sand (Schut- 
zenberger, Zeitsch Chem 1865, 703 ; Darling, 
Annalen, 150, 216) , by the action of nascent 
H (from ZnCu couple or Zn dust) upon a mixture 
of O2H5I and (\HrjOH (Sabanejeff, Ber 9, 810). 
By combining C2H4 or C2W2 with H in presence 
of reduced Ni (Sabatier and Senderens, Compt. 
rend 124, 1360; 128, 1173) Ethane is now 
produced on an industrial scale by means of 
this reaction carried out under pressure For 
details of the process, see Sprent (J Soc (^hem 
Ind 1913, 171) From EtI and potassium 
hydrid^ in sealed tubes at 180°-200° (Moissan, 
ibid 134, 389) Reduced Ni at 325° breaks 
ethane up into 0 and CH4 (Berthelot) 
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Ethyl iodide C^Hgl (Gay-Lussac, Ann. Chim. 
Pliys '[IJ 91, 89 , Serullas, ^hid. [2] 25, 323 and 
42, J 19 ; Frankland, Chom Soc Trans 2, 263 ; 
3, 32), m p —118" (Schneider); bp 72*34° 
(Linnomann, Annalen, 160, 204), bp. 71*3° 
(Andrews), 72 57° (corr ) (Thorpe and Rodger), 
71 9°~72° (Linebarger) ; sp gr 1 9444 at 14*5° 
(L ), 1 9755 at 0° (iherre), 1 9309 at 15° (Mcnde- 
leeff), spgr 1 1810 at 72 274° (Schiff), 
sp gr 1 9653 at 4°, 1 9433 at 15°, 1 9243 at 25° 
(Perkin), VD 5 417 (Marehand) 

From alcohol and HI (Gay-Liissae) ; from 
alcohol, iodine, and phosphorus (Seiulhus). Per- 
sonno ((Jompt rend 42, 468) suggested tlie use 
of red P, and, according to Beilstem (Annalen, 
12(», 250), 1 part led P and 5 parts of aleohol 
(90 p e ) are placed in a retort, and 10 parts of 
iodine slowly added After 24 hours the GgHr,! 
IS distilled off, washed with NaOH solution and 
with watei, and dried over CaCl, Ciismer 
(Ber 1884, 649) dissolves I in liquid paraffin 
adds yellow P and then aleohol Walker 
(Chom Soc. Trans 1892, 717 ; cj ibid 1905, 
1596) obtained a 93 pc yield from alcohol, 
iodine, and equal parts of led and yellow phos- 
jihoius {(f Adams and Voorhecs, J. Amor (Ihom 
Soc 1919, 41, 789) Prepared m quantitative 
yield by adding Et^SO^ slowly to a warm con- 
centrated aqueous solution of KI (Weinland 
.ind Schmid, J) R P 175209) Also from action 
of HI upon ethei ((^ottrel Rogers), and together 
With iodoform and Nal by electrolysis of a solu- 
tion of 20 grams (’^H^CUlONa, and 20 grams KI 
in 20 c ( of water (Miller, Hofer, and Reindel) 
(’jlI^T IS a colourless, pleasantly smelling 
liquid, almost insoluble m water, but miscible 
with akoliol and ether It precipitates silver 
from its solutions in the cold, easily forms double 
eomjioiinds with silver salts, metals, and am- 
monia Rr displaces the I, and forms , 

(3 forms (bU^(l (Dumas, Stas, Annalem, 35, 
P)2) 1(3 forms and I2 H(3 has no 

a( tion, but, on the contrary, 13 2(3 is decom- 
posed by HI into (Lieben, 

ZiMtsdi (3ieni 1868, 712) By action of HI 
at 150 , ethane and iodine are formed HNDg 
also c.iiises the separation of I (Marehand, J pr 
(3iem 1884, 33, 186) Metallic Ag abstracts I, 
and loav(*s butane ((^H^o) beating with 

watf'i to 150°, we get alcohol (Reynoso, J 1856, 
567), with excess of ah ohol yields ether ami 
some ('2114 (Lichen, Rossi, Annalen, 158, 166). 
Is giadually turned blown by exposure to light, 
owing to foimation of free I and liberation of 
butane (Piankland, Pheni Soc 3’rans 3, 322) 
In piesimeo of mercury the reaction is much 
moif' itqnd, owing to combination of the liberated 
1 with Hg Is used largely for the preparation 
of otiier ethyl eompouneJs 

Ethyl nitrate ('2H-, O NO2, Nitnr eiher ; m p 
— 112° (Schneider), bp 86 3° at 728*4 mm •; 
spgi 1 1322 i^t 0°, 1*1123 at 15 5° (Kopp, 
Annalen, 98, 367), bp 87 6°; spgr. 11305 
at 4°, 1 1159 at 15°, 1 1044 at 25° (Perkin), 
If F p = 40,870 , H F V = 38,750 , H C = 
325, 690 (Th 4, 214) Obtained from alcohol 
by th(‘ action of nitric acid in presence of some 
substance which will destroy nitrous acid, eg. 
urea (Millon, Ann Chun. Phys f3J 8, 233). 

Preparation — 400 grams of pure rntrie acid 
(spgr 140, previously heated with 1 pc of I 
urea in orch^r to destroy lower oxides of nitrogen' ] 


are mixed with 300 grams absolute alcohol and 
100 grams of urea nitrate, and distilled ; when 
half the liquid has distilled off, a mixture of 
400 grams of nitric acid and 300 grams of alcohol 

15 allowed to drop into the retort and the distil- 
lation continued (Lessen, Annalen, Suppl. 6, 
220 ). 

Silver nitrate, heated with ethyl iodide (or 
bromide) and alcohol, yields, not ethyl nitrate, 
but the nitnte, togcthei with aldehyde (Bertrand, 
Bull Soc chim 33, [11 ] 566) If, however, EtT 
bo added gradually to powdered AgNOg, kept 
cool, a theoretical yield of EtN03 is formed 
(Von Biron, J Russ Phys Chem. Soc 30, 667). 

Ethyl nitrate is a colourless liquid with 
pleasant odour and taste ; almost insoluble in 
water, but miscible with alcohol and ether 
Ammonia forms ethylamine nitrate ; nascent 
hydrogen yields hydroxylammo and other bases 
(Lossen). Sulphu letted hydrogen yields mer- 
captan (Kopp, Annalen, 64, 320). Alcoholic 
potash decomposes it with separation of crystals 
of potassium nitrate 

Ethyl nitrite (7H5 0 NO, Nitrous eiher , b p 

16 4° (Liebig), 17°^Mohr, J 1854, 561 , Brown, 
Pharm J 15, 400), 17 6° (Duns tan and JJy- 
mond, iht'l 18, 861), spgr. 0 90^' at 15 6° 
(Br); 0917 at 0°/0° (D and I) ) , H.F p 
= 30,610 , H F V = 28,870 (Th 4, 217). 

ThLS body was discovered in 1681 by Kunckel 
Obtained from alcohol by action of nitric acid, 
especially m presence of some oxidisable matter, 
c g copper 

Preparation — 500 grams of potassium nitrite 
and 1 litre alcohol (45 p c ) arc mixed and 
cooled by means of ice , a mixture of sulphuric 
acid (50() grams), water (500 grams), and alcohol 
(500 grams) is then slowly dropped in, the heat 
produced volatilises tlie ether, which is con- 
densed in an efheient condenser (Feldhaus, 
Annalen, 126, 71) Dunstan and Dymond 
{I c.) recommend that 34 5 grams sodium nitrite 
in 120 giams water bo slowly mixed with a 
mixture of 13 5 grams of sulphuric acid with 32 
grams alcohol and about 75 c c water kept cool 
by ice The ethyl nitrite separates out as a 
layer floating on the surface As thus prepared, 
the liquid contains only traces of alcohol, from 
which it is freed by shaking with water Alkali 
ethyl sulphates react with alkali nitrites, yielding 
nitrous ester and mtroethane (Ray and Neogi, 
(3iem fcJoc Trans 1906, 1900) Also formed by 
the interaction of MgS04, NaN02, and C2H5OH 
(Matuschok, Chem Zeit 1905, 29, 115) 

Ethyl nitrite is a mobile liquid with a plea- 
sant ethereal smell and taste, liable to undergo 
decomposition, especially in presence of water 
It can bo preserved if mixed with aleohol and a 
small quantity of glycerol. It is decomposed 
by sulphides in accordance with the following 
equation : 

C,H,N0,-h3H,S=^NH,~hC,H,0+H,0-h3S 

(Kopp, Annalen, 64, 321) 

It IS slightly soluble in water and miscible 
with alcohol Mixed with alcohol it constitutes 
the ‘ sweet spirit of nitre,’ spintus cetheris mlrosi, 
of the British Rharmacopoeia, which is thus pre- 
pared . To 1000 millilitres of alcohol (90 p.c ) 
add gradually 100 millilitres of sulphuric acid, 
and then 125 millilitres of nitric acid, stirring 
Cc»nstantly Transfer the nixtiire to a retort or 
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flask, in which 100 grams of copper in fragments 
have been placed, and to which is attached an 
efficient condenser with a receiver containing 
1000 millilitres of 1)0 p c alcohol Surround the 
receiver wit'i ice-cold water and distil gently at 
a temperature which is at fust about 77°, and 
rises to 80°, but does not exceed 82°, until the 
volume of liquid in the receiver has been in- 
creased to 1 600 millilitres Then allow the con- 
tents of the retort to cool, add 25 millilitres of 
nitric acid, and resume the distillation until the 
hquid in the receiver is increased to 1700 milli- 
litres. Mix this liquid with 1000 millilitres of 
the alcohol so as to make the whole contain 
2 66 p c. of ethyl nitrite. 

Ethyl oxalylsuccinate v Ketones 

Ethyl oxide Ether, EtJnjl eiher, 

Vimc ether ^ foimerly called Eulphunc ether ^ 
Phosphoric ether y &c , according to the acid 
used m its preparation, mp 117 6° (Archi- 
bald and McIntosh), m p —112 6° (Ladenburg, 
and Krugel) , bp 34 07° (Regnault), 34 6° at 
762 mm (Schiff, Annalcn, 220, 332), 34 9° 
(Kopp), spgr 0 7360 at 0", 0 7185 at 17 5° 
(F'lger), 0 6950 at 34 6°/4° (Schitl), 0 7024 at 15°, 
0 7099 at 25°/25°, 0 7201 at 15715° (Peikin, 
Chem 8^0. Trans 45, 474), spgr 0 71982 
at 15710° (Wade and Finnemore), spgr 
0 7183 at 17 1° (Bnihl), spgr 0 70942 at 25° 
(Lmebarger) , MM = 4 777 at 20° , freezes at 

— 129° to a crystalline mass, which melts at 

— 117 4° (Olzewbki, Monatsh 5, 128), capil- 
Imty constant at bp a‘^ = 4 521 (Schitf) , 
8 at 17 5° — 8 , ciitical temperature, 194°, 
critical pressure, 35 61 atmosphere..'* (Ramsay 
and Young) Vapour tension 67 49 mm at 
—20° ; 182 34 mm at 0° , 286 4 mrn at 10° ; 
433 2 at 20° , 636 3 at 30°. 

The preparation of ethei from alcohol and 
sulphuric acid was first described by Valerius 
CorduH (1540), and the method of making this 
‘ oleum vitroli diilco ’ was published in 1552 
by Conrad (Jessner Frobenius, 1730, named 
it snip hill 1C ethei Val Rose (8cher. J 4, 253) 
showed that it contained no sulphur, but its 
composition w<is first made out by 8aussuic 
and also by Dumas and Boullay (Ann Chim 
Phys (2] 36, 294) Its constitution was first 
studied by Liebig (Annalen, 60, 31 , 23, 39) 
and Regnault (Ann Chim Phys [2] 71, 352) 
Williamson, in 1850-51 (B A 1850, 65, and 
Phil Mag [3J 37, 350), established the views 
now held as to its constitution and formation. 

Formatwp — Prom alcohol, by action of 
phosjihoric or arsenic acid (Boullay) , by 
action of boron fluoride (Desfosses, Ann. 
Chim Phys. [2| 36, 294), of ZnCL (Masson, 
Annalen, 31, 63) , of SnCl^, and other metallic 
chlorides (Kuhlmann, ibift 33, 97, 192) From 
alcohol by heating with dry NH4CI to 260°-400° 
(Berthelot, Annalen, 83, 110) From C2H5NaO 
and OaHgl (Williamson) From alcohol and 
HCl, HBr, or HI at 200° or 240°, or by heating 
alcohol with ZnCl^, SnCl4, HgClg, CaCl^, MgS04, 
or chrome alum to 300° (Reynoso, Ann Ohim 
Phys [3] 48, 385) Also from (LHgBr or C^Hgl 
and HgO (Reynoso), or from C^Hgl and NagO 
(Green, Bull. 80c. chim (11.] 29, 458) 

The continuous method now adopted is due 
to Boullay (J Pharm Chim. 1, 97), and the true 
explanation of the action was first given by 
Williamson (l.c.). The alcohol and sulphuric acid 


first form C2H5HSO4 and H^O, and then, by the 
auction of C2H5HSO4 upon more alcohol, (02115)20 
and 11,80 4 are formed. That this is true 
Williamson proved by using amyl sulphuric acid 
and ethyl alcohol, when amyl-ethyl ether was 
produced {cf Prunicr, J Pharm Chim 1897, 
5, 513) Addition of Al, (804)3 increases rate of 
production of ether owing to catalytic action 
(Senderens, Compt rend 1910, 151, 392). 

Prepciratwn — Boullay’s method is usually 
I employed A mixture of 9 parts H,80j with 5 
parts of alcohol (90 pc) is placed in a retort, 
and alcohol is slowly diopped in and the tem- 
pciature is maintained between 130° and 140°. 
An iron retort lined with lead is usually em- 
ployed, and the ordinary mercurial thermometer, 
which is, of coui’se, liable to fiacture, is replaced 
by a bulbed tube containing some non-diying oil. 
The tube is then either exhausted by the aii- 
pump, and hermetically sealed, or its open end 
IS closed by a plug of cotton wool, and two maiks 
are made on the tube coriespondmg to positions 
of the sill face of the oil at 130° and 140° respec- 
tively In order to avoid iisk of explosion by 
contact of the vapoiii with diiect flame, coils of 
j lead tubing, conveying superheated steam or the 
vapour of some liquid of high boiling-point (e g 
coal-tar phenol), are used as a source of heat 
I’he distillate is treated with milk of lime or so- 
lution of soda m ordei to remove the 8O2 which 
IS always simultaneously formed It is then 
rectified in an apparatus devised by Mohr, 
which consists of a still fiom which the vapoui 
IS led through a vessel kept at 38° by warm 
water Here the alcohol and water vapours aio 
condensed, and the ether passes ovei, and is 
condensed m an efficient condenser 

By means of an apparatus devised by Sou- 
beiran, ether can be prepaied in a fairly pure 
state by one operation A mixture of about 
30 lbs of H,804 with 20 lbs of alcohol of 85 p c 
is heated rapidly to 130° in a copper still, to tho 
bottom of winch two tubes convc‘y alcohol from 
a tinned copper rescnvoir The neck of the re- 
toit (which IS of lead) is connected with the first 
condenser, which is a copper vessel kept warm 
by allowing tho waste water from the worm tub 
(where the ether is condensed) to flow over the 
outside of it Heie the steam and vapour of 
alcohol are condensed, and the liquid formed can 
be diawn off from below by means of a stopcock. 
The ether vapour then passes on to the purifier, 
which consists of a vessel filled with wood char- 
coal saturated with a solution of caustic soda, 
which not only removes the 80 2, but also absorbs 
the oil of wine The puic ether passes on, and 
IS condensed in a well -cooled worm The 
greatest yield of ether is obtained at 140°- 145° ; 
below this temperature tho yield is less, ancl 
above this much SO, is evolved (Prescott 
and Norton, Arner Chem J 6, 243) Other 
apparatus have been described by Annara- 
tone (Ft Pat 408089 ; J 80c Chem Ind 
1910, 592), Fritzsche (Zeitsch anal Chem 
1897, 36, 298), Barbet et fils et Cie (Fr. Pat 
479435, 1914). Sulphuiic acid has been largely 
replaced by benzencsulphonic acid m this pre- 
paration (Krafft, Ber 26, 2831 ; D. R P 
69115, Frdl. 111. 11). 

Commercial ether contains water, alcohol, 
aldehyde, methyl compounds, ketones, and vinyl 
wlcohol. A. J. Jones (Pharm. J. 1919, 103, 71) 
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found that in commercial samples, methyl com- 
pounds range from 0*02 to 0 06 p.c., sp.gr. 

0 7182-0 7211, and ketones (as acetone) from 
0 09 to 5 0 pts per 10,000 Vinyl alcohol may 
be removed by shaking with water or treat- 
ment with bromine, phenylhydrazme, or 
potassium hydroxide (Poleck and Thummel, 
Per. 22, 2863), and the other impurities by 
treatment with dry Fe(OH),, prepared from 
crystallised FeSO^, and an equimolecular weight 
of powdered lime (Oabormi, Bull Assoc Chim 
Suer Dist 1909, 2(), 1165); by treatment with 
potassium hydroxide and powdered potassium 
permanganate, and finally drying with calcium 
chloride (Fierz ; Wade and Finnemoro, Chem. 
Soc 3Vans 1909, 1842 , FranQOis, Chem 

Zentr 1897, ii 144; Fntsch, Chem Zeit 1909,1 
33, 759) Phosphorus pentoxido may be * 

substituted for calcium thloiide (Licben, Anna- 
len, Suppl 7, 218) (For other methods, v 
Ouigiies, J Pharm. Chim 1906, 24, 204 , and 
Ekenberg, Zeitsch anal Chem 36, 245 ) 

According to the B P , 1914, ordinary ether 
should have a sp gr of 0*726, 15°/ 15^, and boil 
between 34° and 36°. Purified ether (^d^lcther 
punficatus of the B P ) should give no yellow 
colouration with solid potassium hydroxide in 
the dark, or with a solution of freshly prepared 
solution of potassium iodide To test for 
presence of methyl compounds shake 2 vols of 
the ether with 1 vol of 20 p c alcohol and 1 vol. 
of water, allow the mixture to separate, and 
draw off the lower layer Mix 5 millilitres of 
this lower layer with 2 5 millimetres of an 
aqueous solution (1 in 50) of potassium per- 
manganate and 0 2 millilitre of sulphuric acid 
At the end of 3 minutes add 0 5 millilitre of an 
aqueous solution (f) 6 in 100) of oxalic acid, 
followed by 1 millilitre of sulphuric acid, and 
then by 5 millilitres of decolourised solution of 
fuchsin, and mix thoroughly. No violet colour 
should be produced within 20 minutes 

Wade and Finnemoro {I c ) find that ether 
and water form a binary mixture, b p 34 15°, 
containing 1 3 p c water, and that slight traces 
of alcohol greatly increase the solubility of 
water in ether 1 gram ether dissolves 0*023 
gram water at 15°-20° and 0 019 at 10° (c/. 
Schunke, Zeitsch physikal Chem 14, 331 ; 
Napier, Bull Soc chim. 29 fn ] 129) ; 1 gram 
water absorbs at 0°, 0 12465 , at 10°, 0 09599 , 
at 20°, 0 07487 , at 30°, 0 06370 gram ether 
(Schunke, Ic ; Tolloczko, Ber'28, 808; Klob- 
bie, Zeitsch physikal (.hem 24, 615 ; Osaka, J. 
Soc Chem Ind 1909, 625). If ether be shaken 
with an equal volume of CS2, a turbidity is 
produced if water bo present A better test is 
with anhydrous copper sulphate or amalgamated 
aluminium. 

Decom'pofiit'ions — Pt black, CrO^ or HNO3 
oxidise ether to acetic acid ; ozone produces 
ethyl peroxide Ether vapour and air at 100°, 
in the presence of a copper catalyser and plati- 
num-black, yield acetaldehyde and formalde- 
hyde (Orlow, J Russ Phys Chem Soc 1908, 40, 
799 ; c/. Legler, Annalen, 217, 392). When 
ozonised oxygen ls passed into ether, a solution is 
obtained containing C2H2O4, C2H4O2, and HgOg, 
also a small quantity of CHgOg (A. W. Wnght). 
Ether combines with H2SO4 to form C2H6LSO4 ; 
by action of SO3 we first get (C2H6)2S04, but by 
excess of SO3, C2H5HS2O7 and a small quantity 


of. a body of the composition CH2(SOaC8H5)2 
are formed. When ether is heated with water 
and a small quantity of H2SO4 to 160°-180°, 
alcohol is formed (Erlenmeyer, Zeitsch. Chem. 
1868, 343) According to Lieben (Annalen, 165, 
136), the reaction goes on, though very slowly, 
without H2SO4, and at the ordinary temperature 
Ether combines easily with HI and yields C2H5I 
(Silva, Ber 8, 903), and is decomposed by heat- 
ing with zinc-dust into C2H4 and water (Jahn, 
Monatsh 1, 675) , bromine and aqueous ether 
yield brom acetaldehyde (Maugin, Compt rend 
1908, 147, 747). 

Instances of the spontaneous explosion of 
ether on heating are not unknown, due probably 
to the presence of ethyl peroxide produced by 
autoxidation Ether occasionally contains hy- 
drogen peroxide and acetaldehyde and a 
relatively large amount of vinyl alcohol (Kassner, 
Arch. Pharm 1912, 260, 436). Hydrogen 

peroxide may be detect-ed by the immediate 
rod colouration produced when 5 c.c is treated 
with 1 c c of N/10 potassium thiocyanate solu- 
tion and 2 drops 01 a 5 p c freslily prepared 
acidified solution of ferrous ammonium siilphpte 
(Dietze, Apoth Zeit 1915, 30, 165) There 
should be no liberation of iodine whei. 2 c c. of 
a 10 p c solution of cadmium potassium iodide 
arc snaken with 10 c c of the sample. Per- 
oxides or peroxidised compounds may be 
formed m ether when improperly stored. The 
degree of oxidation is dependent upon the 
nature of the container, the purity of the ether, 
the amount of air present, and, in the case of 
glass containers, the intensity of the light 
which accelerates the oxidation Peroxides 
may be removed by means of ferrous hydroxide 
or by shalang with mercury 

Mixtures of ether vapour and air explode 
when heated to about 190° if the amount of 
ether in the gaseous mixture reaches 1 gram 
per litre 

A hydrate (C2H5)20,2H20 is Imown ; it is a 
solid body, which only exists below —3 5°, and is 
obtained by the rapid evaporation of aqueous 
ether on filter paper (Tanret, Bull Soc chim 
30, 505 ; Oompt rend 87, 765) Dry ether 
and chlonne at —80° yield a white crystal- 
line chloride (C2H5)20Cl2» ^ P —51° ; bromine 
similarly yields a reddish -yellow bromide 
(C2H5)20Br2, m.p. —40° (McIntosh, Chem. Soc. 
Trans 1905, 789) A bromide (C2H5)20Br3, 
led plates, m p 22°, is also known (Schutzen- 
ber^r, Annalen, 167, 86). 

Ether combines with various metallic salts 
and forms crystalline bodies, e g BeCl2, 
2(02115)20, large prisms (Atterberg, Bor 9, 
856) ; HgBr2,3(G2H6),0 (Nickles, J. 1861, 200) ; 
AlBr3,(C2H5)20 (N.). “ T1CI4, (02115)20 ; crystal- 
line , mp 42°-45° ; bp 118°- 120°, decomposes 
into Ti0l3(002H5) (Bedson, Annalen, 180, 236 ; 
Chem Soc. Trans 1876, 1, 311) 

Propertie^s — A colourless mobile liquid with 
leasant smell Volatilises very quickly, and 
y so doing produces great cold It is extremely 
inflammable, and its vapour, which is very 
heavy, forms an explosive mixture with air 
Ether is readily soluble in concentrated HCl 
solution (Draper, Chem. News, 35, 87), and in 
concentrated H2SO4, from which it is separated 
by addition of ice (Riedel, 1) R P. 52982, 
Frdl u 551) It is misCible with almost all 
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organic liquids, and with liquid CO2. It is a 
good solvent for resins, fats, alkaloids, &c., and 
sulphur and phosphorus dissolve in it to a small 
extent. It also dissolves I and many salts, 
e q Fe2Clg, HgClg, PtCl4, and many gases, not- 
ably ammonia 

In laboratories ether should always be kept 
over mercury or sodium m completely filled, 
well-stoppercd bottles, preferably made of blue, 
green, or brown glass, in cool places excluded 
from the light (rf Baskerville and Hamor, 
J Ind Eng Ghem 1911, 3, 301 ei ; J Soe 
Ghom Ind 1011, 8.30) 

Its vapour when inhaled produces insensibi- 
lity (Faraday, 1818), and it is used as an anses- 
thetic in surgery It is also occasionally used in 
surgery for producing local anaesthesia , this is 
done by dire ''ting a spray of ether upon the 
skin, when the extreme cold produced by evapo- 
ration produces complete insensibility. 

It is also used as a solvent in the preparation 
of collodion, m the extraction of tannic acids, of 
several alkaloids, <fec 

(Jhlorine acts violently upon ether, setting fire 
to 't, and liberating carbon (Gruikshank) If the 
ether be kept cool by ice, and m the dark, sub- 
stitution j|_ roducts are obtained The (3 replaces 
(ho H atom by atom from one ethyl group first, 
m the following order- CHHHGHHOGaHg 

2 3 4 1 .5 

(Lieben, Annalen, 111, 121; 140, 180; Abel- 
janz, 104, 107 , Jacobsen, Ber 4, 215 , also 
fjiebig, Annalen, 1, 220 ; Malaguti, Ann Ghira 
Phys [2] 70, 338; [3] 10, 5; Fntsch and 
Schumacher, Annalen, 279, 302) 

Monochlorether, Monochlorcthyl oxide 
CH3GIICIOO2H5; 

b p 97°-98° , by the chlorination of ether 
(Lieben) ; by saturating a mixture of aldehyde 
and alcohol with HGl (Frapolli, Wurt/, Annalen, 
108, 220); by the action of PCl^ upon acetal 
(Bachrnann, 218,39) It is decomposed by 
H^SO.into HGhG^II^Chand G,H, OH G^HgONa 
forms Na(3 and acetal; water decomposes it 
into HGl, aldehyde, and alcohol (Laatsch, 
Annalen, 218, 36) 

Dichlorether, Dichlor ethyl oxide 

Cn,a GHGl 0 G2H5 ; 

b p 140°-145° , sp gr 1 174 at 23° ; by action of 
G1 upon ether (Malaguti, Annalen, 32, 16; Wild- 
man and Gray, J Amer Ghem Soc 1919,41, 
1122); by action of HGl upon a mixture of 
chloraldehydc and G2H5 OH (Natterer, Monatsli 
5, 496) , by action of HGl upon chloracetal (N ) 

Dichlorether is decomposed on heating m a 
tube into CgHr/Jl and other products CsHs^Na 
forms first chloracetal GHoGl GH(OG2H5)2. By 
heating with excess of C2H50Na in sealed tubes, 
ethyl glycol acetal CH2(OG2H5)CH(OG2H5)2 is 
formed In ethereal solution, Zn(G2H5)2 yields 
ethyl chloreiher GH2CI GH(C2H0OG2H5 ; bp 
141° , sp gr 0 9735 at 0° With excess of 
Zn(C2H5)2 wo get GH,(G2H5)CH(C2H5)OC2H5 ; 
bp 131 4° at 749 6 mm ; sp gr 0 7865 at 0° 
(Lieben, Annalen, 178, 14) Strong caustic 
potash forms alcohol, a body GgHigClgOg, a 
little glycollic acid, and two isomenc bodies of 
the composition G4H9CIO2 (Abeljanz, ibid. 164, 
218) * a-C4H9Cl(5o, chloraldehydc alcoholate 
CH3GI GH(OH)0*G.H„ bp 93°-96° ; and 3- 
04114(30. oxychlori cher (jHgOH’CHGl’O'CgHs, 


also formed by chlorination of ether (Jacobsen, 
Ber 4, 217), bp 151°-155°. WithNHj OH yields 
glyoxime (Hantzsch and Wild, Annalen, 289, 
293). It IS decomposed by water, and m 
presence of marble yields monochloracetaldehyde 
alcoholate, which, on distillation, gives mono- 
chloraldehyde and rnonochloracetal (Fntsch 
and Schumacher, ihid 279, .301). 

TrichloretherCHGL CHGl 0 G2H,; b p 167®- 
168°, ]55°-168° (Copaux), 170°-176° (Oddo 
and Maineli) ; sp gr. 1 3303 at 14° (O and M ). 
By the action of PCI 5 upon dichloracetal 
OHCI2 GH(0G2H5)2 (Kroy, J 1876, 475) , by 
hydrolysis of the compound formed by action of 
chlorine on tnethyl boric ester (Copaux, Compt. 
rend 127, 721) , by chlorinating a^-dichloro- 
ethyl ether with 1 molecule of Cl at temperature 
of boiling saturated salt solution At 230°-240° 
in a sealed tube, yields dichloroaldehyde and 
G2HfiGl HGl at 110° for 6 hours, and distilla- 
tion with concentrated H^RGi, yield the same 
roducts Conversely, dichloroaldehyde in alco- 
ol with HCl yields tnchloroether Boiled with 
water, tnchloroether yields acetaldehyde, di- 
chloroacotaldehydo hydrate (mp 55°-56°, 
b p 96 5°-97 5°) , diehloroaeetal, and other 
very complex compounds (Oddo and Mameli, 
Gazz chim ital 33, 11 .373 ; also ibid .36, 

1 480) , decomposed by heating with C^HgONa, 
yielding dichloracetal 

Tetrachlorether CGly(^HGl 0 C0H5 ; b p. 
189 4° at 749 1 mm , 79° at 16 mm“ , 189 7° at 
7.58 7 mm. ; sp gr 1 4225 at ]8°/4° (Weber and 
Foster, J Amer Ghem. Soe 31, 1410), sp gr 
1 4379 at 0°, 1*4182 at 15 2°. Formed by action 
of Gl upon monochlorether m contact with I 
(Wiirtz, Vogt, Zeitsch Ghem. 1871, 689), or 
of chloral alcoholate G(3^ GH(OH)0 G2II5 
PGl;j (Henry, Bor 5, 101, 435 , Paternb, Pisati, J 
1872, 303) From ti (chlorvinyl ethyl ether and 
chlorine (Godefroy) A liquid with a campbor- 
likc smell, decomposed by heating with water 
into GoHjOH, HCI, and chloral Alcoholic 
KOH forms with it irichlorvinyl ethyl ether 
CGI 2 * (^Gl O G2H5 Heated with alcohol, forms 
tnchloraeetal (Pergami). 

Pentachlorether. 3Vo isomendes ; 

(1) C(3,GGl2‘OC2H5, bp 190°-210° with 
decomposition ; sp gr 1 645 (Jacobsen, Ber 4, 
217) ; by action of Cl upon tnchlorvinyl ethyl 
ether (r fnijira) (Busch, Ber 11, 445) 

(2) (fCL GHGl 0 GH2 CH ,G1 ; b p 235° : 
sp gr 1 577 at 80° By action of PCI5 on a 
compound of chloral and glycol chlorohydrin 

GCI3 GH(OH)0 CH2 CH2CI 
(Henry, Ber 7, 763) 

Hexachlorether CHGI2 GHC3 0 CHGl CHClg ; 
b p 250° , by action of PCI 5 upon dichloralde- 
hyde saturated with HGl (Paternh, Pisati, J 
1871, 508). 

Octochlorether G4H2GI8O , from ethylidene 
oxychloride and Gl in sunlight (Roth, Ber 8, 
1017) Camphor-like sme'llmg, volatile crystals 

Perchlorether (03015)20 (Regnault, Annalen, 
34, 27) ; sp gr 1 900 at 14 5° (Malaguti, Ann 
Ghim Phys [3] 16, 4) ; the ultimate product of 
the action of Gl upon ether in sunlight, is a 
solid, forming orthorhombic scales, m p. 69°, 
whicii possesses a smell like that of camphor 
Decomposed by heatmg at 300° into CaGlg and 
CCls'COGl ; with K^S yields perchlorvmyl ether 



ETHYL. 


066 

(C201j)20, with liberation of S (Malaguti, Ann. 
Chim PhyH [3] 16, 19) This body is a liquid, 
bp 210°, sp gr 1 652 at 21°, which combines 
with (3 in sunlight to form (('2Clr)20, or with Br 
yielding (( '2^*13 Br 2)20 

Ethyl peroxide produced by lead- 

ing dry o7onc into absolute ether (Iterthelot, 
Bull Soc chini 11 3(», 72), IS a thick syrup which 
docs not solidify at - 40°, is partially volatile 
on heating, but easily explodes , is miscible with 
water, by which it is decomposed into C.HrOH 
and H,(K 

Ethyl phosphates. 

1 Norimil (thyl phosphate (02^^5)3^04 , b p 

215° , sp gr 1 072 at 12° By action of heat on 
lead diethyl phosphate Pb(r! ,^£.^4(1*04)^ (Vogeb, 
Annalen, 69, 190) , from Ojilsl and Ag3P()4 
(Olormont, Ann Ohim Phys (3] 42, 330), 
from J'OCl-, cand t^HjONa (Limpiiclit, Annalen, 
134, 317) , fiom PjO^ and absolute rlcohol 
((’anus, lind 137, 121) Oolourloss liquid, 

miscible with and slowly decomposed by water, 
forming diethyl phosplionc acid 

2 Diethyl phosphoin acid ((!jHr,)2H PO4, a 
syrupy liquid obtained by action of P2O', upon 
ali'ohol It IS a monobasic acid, and foims well- 
marked salts, cy ('a[((’2llr,)2P()4]2, (rystalbne 
needles, Pb[((\H needles, mp 180°, 
soluble m water 

3 Ethyl phosphoue acid II ,((’2Hr,)P()4, an 
oily liquid decomposed by heating, evolving 

O2H5OH, and (^2114 Equal paits of 
alcohol (95 p c ) and syrupy E 31^)4 are heated 
to (>0° or 80°, diluted with watoi and neiitialised 
with BaCX),, filteied, the Ba salt allowed to 
crystallise, and then decomposed by H2SO4 
(Pelou/e, Ann Chim Phys ["2152,37) 

Also produced by action of P2O6 cthei 

or alcohol or of syrupy Il3p()4 upon ether 
(Vogeli, J 1847-48, 694) Forms crystalline 
salts with the metals , of these the lead salt is 
least soluble 

Ethyl phosphites. 

1 Tnethyl phosphite (£'2115)31^^3 5 ^ P ^^1° 
(or 188° m stream of H) ; sp gr 1 075 at 15 5° 
(Railton, ('hem Soc Trans 1855,7,216), from 
PCI3 and alcohol or sodium ethoxide 

An cthcrcal-sraelling liquid, which absorbs O 
and IS converted by P(_'l- into P()(002H5)('1>» 
PCl^, and (',Hj,Cl (Ceuthcr, Hertz J 1876, 
207) By heating with NaOC^Hs yields 
Na(02H3),P()3 ; with (C2Hf,0)20, gives 
H2(C2H3)P03‘ 

(Jaeline, Annalen, 256, 269). 

2 Di(thyl-phobphoious acid H(C2H5).,P03 ; 
bp 184°-185°, spgr 1 0749(15 574°) “From 
p40g and CjB-OH (Thorpe and North, Chem 
Soc Trans 1890, 634) ; from PCI3 and 
(Levitsky, J Russ Phys (9iem Soc 1903, 35, 
211 , Mdobendzi and Sachnowski, C'hem Soc 
Abst 1918, 1 477) , from C2H3I and Pb3(P03)2 
(Michaelis and Becker, Ber 1897, 1005) Colour- 
less mobile liquid with an alliaceous ociour 

3 Ethyl-phosphorous acid H2(C2H5)P03, 
very unstable syrupy liquid ; obtained by action 
of PCI3 upon weak alcohol (Wurtz, Ann Chim 
Phys [3] 16, 218). The salts do not crystallise 
well, but are more stable than the acid. 

Chloride of ethyl- phosphor om acid C2H5POCI9 ; I 
bp 117 5° (corr ) ; spgr 1-30526 at 074° 
(Thorpe, Chem Soc. Trans. 37, 346) ; from PCla‘ 


and C 2 H 5 * 0 H (Menschutkin, Annalen, 139, 343) ; 
decomposed by water into HCl, C 2 H 5 OH, and 
H 3 PO 3 ; also by heating to 165° mto CgHgCl, P, 
PlMg, and P 2 O 6 (Cham bon, J 1876, 205) 

Diethyl pyro- phosphorous acid is not known, 
but the zinc salt (C2H5)2P20{;Zn is produced when 
Zn(C2Hr,)2 IS heated with ILOr to 140° (l)illmg, 
Zeitsch Chem 1876, 266) 

Ethyl selenic acid C2H5HSe04, very un- 
stable , produced from £128(304 and C2H5OH 
(Fabian, Annalen, SuppI 1,244). The salts are 
also unstable, the most permanent being the 
strontium salt , they can bo CT-y&tallised with 
the ethyl-sulphuric acid salts 

Ethyl selenhydrate, PJthyl sclenowercaptan 
C2H58eH , bp 53 5° ; sp gr 24°/4° 1 3954 
(Tschugaelf, Ber 1909, 42, 49) Fiom ethyl 
iodide and sodium hydroselenide Nauseous - 
smelling liquid 

Ethyl selenide, Sdeneihyl (C2H5)2Se ; b p 
108° , discovered by Lowig (Pogg Ann 37, 
552) By action of K280 upon (171^5)2^2^^4 
(L ) , bv action of KC2£f5S04 ujion K,Se (Joy, 
Annalen, 86, 35; Rathke, ihid 162, 2l0) , the 
crude product is then distilled again with KOH, 
C2H5HSO4, and a- small piece of P or S (Piever- 
Img, ibid 185, 331 , Ber 9, 1469) A ..olourless 
mobile liquid with a not unpleasant smell, is 
insoluble in water, ac Cs as a base , HCl preeipi- 
tat(^s from a solution in dilute HNO3 an oily 
liquid which gives with aqueous 

NH3 a crystalline oxychloride [((^I"^ 

Combim^s with C2lT5£ to form ciystallme 
(C^H-l^Sel (Pieverling) This is a white sub- 
stance resembling Epsom salts in appeal ance. 
The ((7Hr;)28eCl2 forms double salts with 
several metallic chlorides , e g 

[(<^7H3)38eCl]2ZnOl2 

Ethyl diselenide (C2H5)oSe2; bp 186°; 
formed as a by-product 111 the prepaiation of 
(07113)280 , was tirst obtained by Wohler and 
Dean (Annalen, 97, 1) from K(7H5804 and 
K28e2 (Rathke, ibid 152, 212) , has an intensely 
disagreeable smell, and acts as a poison (Pievcr- 
ling) A solution m dilute HNOj gives with 
11(3 monoelinic crystals of ((-7Hr,)28e.202(0H)2Cl2, 
which are soluble in water, ami aie reduced by 
8O2 to ethyl diselenide 

Ethoxy-selenyl chloride (7^6^ 8eO(3 , m p. 
10°; bp 175°, not without decomposition. 
From SeUCl2 and absolute alcohol Heated in 
a tube to 200° yields 8c, CgHr.Cl, H('£, and 
HgO (Michaelis and Landmann, Annalen, 241, 
156) 

Diethylselenite SeO((JEt)2 ; bp 183°-186°, 
not without decomposition , sp gr 1-49 at 16 6°. 
From ScOCdg and NaOEt in dry ether at 180°~ 
190° , also from Ag28e03, and CgHgl at 85° in 
sealed tube A thick liquid, decomposed by 
water into CgHsOH and ll2Se03 Decomposed 
by heating in a tube at 20(5° with separation of 
Se (M and L.) 

Ammonium monoethylselenite 

C2H5O SeO ONH4 ; 

a crystalline, very hygroscopic acid, formed by 
action of alcohol and ammoma upon SeOg at 
temperature of melting ice. It is soluble in 
alcohol, insoluble in ether (Divers and Had a, 
Chem Soc. Trans. 75, 638). 
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Ethyl sulphates. 

Mono-ethyl svlyhate C2H6HSO4 {Ethyl- 
sidphuttc acid\ Sulphethylic acid ; Sulphommc 
acid) ; sp gr 1 316 at 16° 

First noticed by Dabit (Crell’s Ann [1802] 
1, 394) ; and again by Sertumcr (Gilb Ann 
00, 53; 64, 67, [1818-18201; cscr also Heeren, 
Pogg. Ann. 7, 193 ; Hennol, Trans. Roy Soc 
1826; 240, 1828, 365, Kerullas, Ann Chini 
Phys [2] 39, 153; Liebig and Wohlei, Pogg 
Ann 22, 487 , Liebig, Annalen, 9, 1 7, 32 , J 3, 
32, 38 ; Dumas and Boullay, Ann Ohim Phvs 
12] 36, 300) 

Formed by a(*tion of sulphuric acid upon 
alcohol (Dabit, Serturner, Serullas) , also by 
absorption of ethylene in sulphuric acid (Hennel , 
Berthelot, Ann Chim^ Phys [3] 43, 385) , by 
heating ether with strong H^S04 (Hennel, 
Magnus, Pogg Ann 27, 386) , from SX'U and 
alcohol (Heusser, Annalen, 151, 249), from 
HO SOgOl and alcohol in the cold (on heating, 
this givers C^aesson, J pr Ohem. 

|2] 19,245) 

Preparation — A mixture of erpial paits of 
absolute alcohol and strong sulphuiK add is 
heated for 4 hours on the water- bath , by this 
treatmei t 59 p c of Ihe IGSO^ used is conveited 
into mono-ethyl sulphate (Berthelot, Bull 8oe 
chim 11 19, 295) By using 3 molecules alcohol 
and 1 molecule 11,804 {1 e 3 to 2 by weight), 
77 p e of the sulphuric acid is utilised (CJlaesson, 
J pr Ohem [2] 19,246) The mixture is diluted 
with water and neutralised with lead or barium 
carbonate, hlteied, evaporated to crystallisation, 
the crystals dissolved in water, and the acid 
set free by means of H28O4, or, when lead 
carbonate is used, by means of H28 The pic- 
cipitated Ba804, Pb804, or Pb8 is removed by 
filtration, and the liquid evaporated in vacuo 
over sulphuric acid Mono-ethyl sulphate is a 
syrupy liquid, very soluble in water, soluble also 
in alcohol, but insoluble in ether 

Heated with water, yields alcohol and sul- 
phuric acid ; on heating with alcohol to 140°, 
ether and H28O4 are formed Oxidihing agents, 
e q MnO, or K2C1O4, give aldehyde (.facquemin 
and Lies-Bodard, J 1857, 345) The salts are 
very soluble in water, and can be heated in di- 
lute solutions without decomposition, though in 
strong solution, or by prolonged heating, they 
arc decomposed with foimation of alcohol, a sul- 
hate, and fieo H28O4 This decomposition may 
e diminished by the addition of an alkali 
hydroxide or carbonate By dry distillation, the 
salts yield ‘ heavy oil of wine,’ a liquid contain- 
ing diethyl sulphate and olefines (cj Kremann, 
Monatsh. 1917, 38, 53) HCl gas yields 
and a metallic sulphate (Kohler, Ber 19, 11, 
1929) 

By distilling sodium ethyl sulphate in a 
vacuum, Lilienfeld (Austrian Pat 63526) obtains 
ethyl sulphate m 83-90 p c yield. 

/Salts (v. Marchand, Pogg Ann 32, 456 , 
Jl, 595). LiC 2H.,804,H20 ; NaC2H5S04,H20 , 

KC2H5SO4, crystallises in anhydrous mono- 
clinic platas, soluble in 0 8 part HoO at 17°, 
(Schabus, J 1854, 560 ; Marignae, J “l855, 608) 

Mg(C2H5S04)2,4H20 , Ca(C2H5804)„2H20 
forms monoclinic laminae, soluble m 0 8 part 
water at 17° (M ) . Ba(02H5S04)2,2H20, mono- 
clmic plates, sp gr. 2*080 at 21*7°, soluble m 0 J2 


parts of water at 17° (M.) ; Pb(C2H5S04)2,2H20 ; 
targe rhombic tables — Pb(C2H 5804)3, PbO ; 
amorphous ; soluble m 0 54 part H2O at 17° 

Diethyl sulphate (C2H5)28()4 , sp gr 1 1837 
at 19° ((’laesson, J pr (9iem [2] 19, 257), 
bp 208° (with decomposition), 113 5° at 31 
mm, 118° at 40 mm, 1205° at 45 mm. (Vil- 
liers. Bull 80c chim 11 34, 26) ; m p about 
—24 5° (V), occurs in ‘heavy oil of wine’ 
Formed by leading >803 vapour into absolute 
ether (Wetherill, Annalen, (>6, 117). m small 
quantity by distillation of 02Hr,H804; by 
dropping alcohol into chloiide of ethyl sulphuric 
acid OoHr^O SOgd, or by action ot H ,804 upon 
alcohol ((daesson) , from Ag,8()4 and (’2^5! 
(Stempnewsky, Ber 11, 514) A mixture of 
1 vol absolute alcohol and 2 vols H28()4 
IS distilled slowly in vacAid (Villiers) Absolute 
alcohol IS mixed with Nordhausen sulphuric 
acid, the ethm* separated by means of GHClj, 
and the product distilled in vacuo (Claesson and 
Lundvall, Ber 13, 1699) 

Is an oily liquid, with an odour like that of 
peppermint, insoluble in water, and slowly de- 
composed by that lujiiid even in the cold , when 
heated witli water, }^iclds alcohol, H28()4 and 
C2H5H8O4 Heated with alcohol, forms ethef 
and (\Hr,H804 , waiin baiyta water forms 
ahohofand Ba(G2H5804)2 (Yilliei*s) 

Unsaturated hydrocaibons are present to 
the extent of about 5 p c in ‘ heavy oil of 
wine ’ 

Chloride of ethyl sulphuric acid (',H -() 802 ( 7 ; 
bp 151°-154° (corr ) (Ulaesson, J pi (!hem [2] 
19, 248), with slight deeomjiosiUon , 93°-95° at 
100 mm (Muller, Ber (>, 227) From 02H5(jl 
and 803, together with isomeiides {v Ethyl 
chloiide)^ by dropping ah ohol into 802(72 
(not vice vci^d , diclhyl sulphate is then foimed) 
(Belli end, J pr (7iem [2] 15, 28) , from a 
salt of ethyl sulphurK* acid and PUI5 (Pur- 
gold, Ber 6, 505) , from ethyl chloioformate 
(J1 ('02('2Hr, and fuming siilphunc acid (Wilm, 
Ber 6, 505) , by passing (’2H4 into H8O3CI, 
S()4H (’014 81)2(7 IS also pioduced (Muller, ihid. 
6, 227) “ 

A licpiid with an irritating smell, exciting 
tears, and decomposed by contact with water 
into HOI, H28O4 and alcohol When the chloiide 
IS added to methyl alcohol or ethyl alcohol, 
ethyl sulphuric acid and (JHjOl or 0241^(7 
are produced , with amyl alcohol, amyl sul- 
phuric acid and ethyl chloride are formed 
(Muller) If, on the other hand, absolute al- 
cohol is (bopped into the chloride, diethyl 
sulphate ls produced (Claesson) 

Bromethyl sulphuric acid 

CH2Br OH2 0S020H(?) ; 
from ethylene bromide and SO3 (Wroblewski, 
Zeitsch C7iem 1868, 563) The barium salt 
IS anhydrous, and is decomposed by continued 
heating with water, with separation of Ba804 
and formation of glycol (Beilstem and Wiegand, 
Ber 15,1370) An isomei ic body 
CH3 CHBr OSO2 OH(’) 

is formed by acting upon ethylene bromide with 
Ag2804 and water (B and W ) , the barium salt 
is very soluble in water, and its solution decom- 
pose}- on warming into Ba804, HBr, and glycol 
Dlbromo-diethyl sulphate (UH2Br , 

by action of ethylene bromide upon Ag^H 04 in 
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presence of benzene (Beilstein and Wiegand, 
Annalen, 15, 1369) ; a heavy oil insoluble in 
water, soluble m benzene and ether, decomposed 
on heating. Heated with water, yields bromide 
of ethyl sulphuric acid, and finally IIBr, H2SO4, 
and glycol. 

J^hyl sulphites. 

Mono-ethyl mdphte SO OH, Ethyl 

sulphurons acid, Hyposulphet hylic acid The 
potassium salt KC2Hf,S03 ls obtained by passing 
SO2 into a well-cooled solution of NaOO^Hg in 
absolute alcohol (Rosenheim and Liebknecht, 
Ber 1898, 408) The ammonium salt is pre- 
pared by passing NH, followed by SOg into 
absolute alcohol (J)ivers and Ogawa, Chem Soc 
Trans 1899, 535) The alkali salts are very j 
unstable in the solid state decomposing with 
evolution of 80,. Dilute mineral acids bung 
about this change in solution ; ethyl iodide and 
alcohol at ISC' yield ethyl sulphonato {q v ) 
By treatment with PC1-, diethyl sulphite 5nelds 
the chloride of ethyl sidphuioin acid CoHjO 80C1 
which boils at 122°, ls decomposed by water 
into H(3, 80.2, and alcohol, and gives, by further 
action of PCI^ at 180°, thionyl cliloride, C2H5CI, 
and POCl^ (Michaelis and Wagner, Ber 7, 1074) 
Ethyl sulphuious acid is isomeric with ethyl 
sulphonic acid C2H5 SOo OH {q v ). 

Diethyl ^idphite 

1 1003 at 0° ((^ariiis, J pr (’hem [2) 2, 279); 
b p 101 3° Fiom alcohol and 82OI2 ; 18 parts 
of absolute alcohol arc mixed with 50 parts of 
S2OI2, previously warmed to ()0° , the mixture 
IS kept at this temperature for an hour, and 
then distilled , the portion boiling above 150° 
is redistilled (Warhtz, Annalen, 143, 74) 

A colourless liquid, with mmt-like odour, 
miscible with alcohol and ether , insoluble in 
water Decomposed by water ; with P(^l5, yields 
a chloride O^HsCOSOC^, which, on dLstillation, 
splits up into t),Hr,Cl and SO2 ((leiither, Annalen, 
224, 223 ; Michaelis and Wagner, Ber 7, 1074). 
Decomposed by KDH into potassium ethyl 
sniphonate (Rosenheim and Liebknecht, ihid, 
31, 405) Decomposes at 200° into SOg and 
ether (Prinz, Annalen, 223, 374) , or by heating 
with 8OCI2, to 120°, into SOo and CjHgCl 
((reuther). 

Ethyl sulphydrate (’2H58H. Meicaptan, 
Ethyl mcrcxiptan ; b p. 30 2° (Nasini, Ber 15, 
2882) , sp gr 0 83907 at 20°/4° (N ), 0 835 at 
21°. By distilhng Ba(C2H,S04)2 with Ba(HS)a 
(Zeise, Annalen, 11, 1) , by action of KHS upon 
C2H5OI (Regnault, Ann. Chim Phys [2] 71, 
390) ; by heating absolute alcohol saturated 
with SOo in a sealed tube, there arc also 
formed C “H5HSO4, (02115)00, and H2SO4 (Ende- 
mann, Annalen, 140, 336) , from PgSs and 
alcohol (Kekule, Annalen, 90, 310) It is best 
prepared by saturating a solution of KOH, 
^ gr 13, with HoS, mixing with a solution of 
(ja((J2H5804) , (also of sp gr. 1 3), and distilling 
on water-bath (Liebig, Annalen, 11, 14) ; accord- 
ing to (^laesson (J pr. Chem [2] 15, 193), 
(C2H5 )>S is also formed ; NaCgHgS is prepared 
from the product of this action, the alcoholic 
solution evaporated to dryness, the (02H5)2S 
removed by means of benzene, and the (JgHgNaS 
decomposed by dilute H2SO4 

It IS a colourless liquid with a penetrating 
garlic -like smell, slightly soluble in water, from 
which it crystallises on evaporation with ISHgO, 


1 m.p. 12° (Claesson). It gives with bromine 
CgHsBr, HBr, and BrS (Friedel, Ladenburg, 
Annalen, 145, 189) HNOgforms C2H5SO2 SCgH^, 
or, if the acid be stronger, ethyl sulphomc acid 
Treated with Cu powder, loses its disagreeable 
odour, but is considerably decomposed thereby 
(Finckh) 

It forms crystalline compounds with 8^014 
(Demarcay, Bull. Soc chim [2] 20, 127). It 
absorbs !NO, forming a dark -red solution 

The hydrogen of mercaptan is replaceable 
by metals forming mercaptides ; e.g. C2H5KS 
and Hg(C,H5S)2, transparent plates, m.p. 7G°- 
77° (Otto, "Ber 13, 1290, 15, 125), very slightly 
soluble in cold alcohol, soluble in 12-15 parts 
hot alcohol (Liebig, Annalen, 11, 17) , gives 
with HNO3 the nitrate Hg(C2H5S)N03 (Hof- 
mann and Rabe, Zeitsch anorg Chem 17, 26) , 
Pb(C2H5S)2, yellow precipitate, formed when 
Pb(C2H302)2 and C2H5HS are mixed in alcoholic 
solutions As(C 2H58)3, a foul-smelling oil formed 
I from AsClg and CgH r,NaS, decomposed by heat 
I into As and(C2H5)2S2 Pt(02H58)2 pale-yellow 
precipitate (Zeise). 

Ethyl sulphide (C2H5)2S ; bp 91° (Pierre, J 
1851, 51), 91 9° at 754*7 mm (Beckmann, 
J. pr. Chem [2] 17, 451), 92*2°-93° (^orr.) at 
754 mm. (Nasim, Ber 15, 2282), 92*1° (corr ) 

, (Thorpe and Rodger) ; sp gr 0*8367 at 0° 

I (Pierre), 0 83676 at 20°/4° (N ) From K2^S and 
CgHgl’l (Regnault, Ann (’him Phys [2] 71, 
387) ; from Zn(OoH5)o and SOCI2 (Gauhe, Anna- 
len, 143, 266) , from" KHS and KC2H6SO4 in 
alcohol (Hobson, Chem Soc Trans 10, 50) , 
also from P2S5 and (C2Hri)20 (Beckmann) To 
prepare the pure sulphide, heat the crude 
sulphide with (’u powder to 260°-280° (Finckh, 
Ber 1894, 1239) 

It is a colourless liquid with strong garlic -like 
smell, insoluble m water Bruhl states that m 
the pure state it has an ethereal odour Chlorine 
acts upon it in the dark, forming substitution 
products* (1) (CoH3(d,)2S, yellow liquid, bp 
167°-172°, spgr. 1 547 at 12° , (2) (C2H>(d3)2S, 
bp 189°-192°, spgr. 1219 at 13 5°; (3) 

((J2HCl4)2S, b p 217°-222° By prolonged action 
of ehlonne, CoClg is formed, and possibly 
(G^Cls)^^ (Riche", Ann Chim Phys [3] 43, 283 ; 
Annalen, 92, 358) (C2H2Cl3)2S also results 

from action of ehlonne upon (C2H3Cl2)28!, which 
can be obtained from C2H4 and Cl^Sg (Guthrie, 
Annalen, 116, 241) Bromine forms (C,H5)2SBr2, 
a yellowish -red unstable body, which, by the 
action of KI, yields (C2H5)2Sl2, a black liquid 
(Rathke, Annalen, 152, 214) 

I Ethyl sulphide combines with many metallic 
j chlorides to form crystalline compounds, e.g. 
(C2H5)2S HgClg, white crystals, soluble in alcohol 
and ether, mp 119°, (C2H5)2S*Hgl2, yellow 
needles, mp 110°; 2(C2H5)2S T1CI3, dark-red 
crystals (Demarcay) (For addition compounds, 
see Abel, Zeitsch physiol Chem 20, 268 ; 
Werner, Zeitsch anorg Chem. 15, 14 ; 17, 101 ; 
Smiles, Chem Soc Trans 1900, 164.) 

Nitric acid (of sp gr 1 2) forms ethyl sulph- 
oxide or diethyl smphine oxide (C2 Hb) 2SO, 
a soluble oily liquid, solid at low tempera- 
tures, and decomposed by heating. Fuming 
I mtne acid converts this into diethyl sulphone 
(0,115)2802; bp. 248°; mp. 70°-72° (Ocfele, 
Annalen, 127, 370; 132, 88); Roc == 47*53 

(Kanonmkow, J Russ. Ph^’S Chem. Soc. 15 
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451) ; also formed from Pb(02H£,)4 and SO^ 1 
(Frankland and Lawrence, Cliem. Soc. Tians ' 
35, 244), and fiom (C2H5)^S, and a Holiition of I 
KMn04 (0 ) Rhombic plates, soluble m 6*4 j 
parts water at 10^ I 

Triethyl sulphirie (C^HOjS foirns compounds I 
in which it plays the pait of a univalent ladical | 

(C,H,)j81 fiom (r,H,),S, C,H5l, and H,0 
(Oofelo, Annalen, 132, 82) , from HI and | 
Hf *^nd O.HJIS, oi and , 

C^H^HS (Cahours, ihid 135, 352, 136, 151), i 
forms rhombic plates of disagreeable odoui, j 
and soluble in water By action of AgaO, i 
yields trieiliify sidphmc hydroxide (CoH5)3SOH, j 
a strong base , duiplaces NH4, and has caustic | 
action on the skin , it forms a crystal line j 
deliquescent mass, which unites with acids to 
form deliquescent salts yielding doutflfe com- 
pounds witn many metallic salts ; e g i 

daik-i oddish prisms, soluble at 20 7'' in 30 parts 
of wat(;r (Dehn, Annalen, 8uppl 4, 90 ; Jorgen- 
sen, J pr Chem [2] 6, 82 , Kraut, Annalen, 
210, 321) 

When (02115)28 IS heated with CH3I, diethyl- 
methyl mlphme iodide (C2ll5)2CHjSr, an unstable 
non-crystallmo body, is formed, fiom winch othei 
salts can be obtained; the chloride (C2H5)20H3SC1 
forms many double salts (Kruger, J pr Chem 
[2] 14, 195) The isomeride, ethyl-mcthylelhijl 
sulphme iodide, prepared from C2H5CH38 and 
C^Hgl, is crystalline (Kruger) 

Ethyl disulphide (0202)282 , b p 152 8°- 
153*4° (coir ) at 730 mm (Nasim, Ber 15,2882), 
sp gr 0 99267 at 2074° (N ) By distillation of 
KC2H58O4 with K282 water (Zcise, Annalen, 
11, 1 , Moim, ibid 32, 207 , Lowig, Kopp, ibid. 
35, 345 , Oahours, ibid 61, 98) , by action of X 
upon a slight ckccss of a solution of CaHgNaS 
(Kekule ; Limiemann, ibid 123, 279) , by action j 
of S upon C^HsSNa (Bottgei, ibid 223, 348); 
by distilbng liquid thioacetaldehyde (Klinger, 
Ber 32, 2195) 

A colouiless liquid, with gailic-like smell, 
very shghtly soluble in water , with dilute UNO 3, 
gives (02X1^)28202, an oily liquid, which may be 
regarded as the ethyl salt of ethyl thiosulphomc 
acid G2H5SO3SC2H5. 

Ethyl trisulphide (C2H5)283, from IC283 and 
KC2H58O4 (Cahours, BuU. Soc chim. [2] 25, 
184); also fiom (C2H5)2S2 and 8 (H Muller); 
a colourless liquid, with unpleasant smell. 

Ethyl tetrasulphide (C2H5)284 , fiom S0CI2 
and C2H58H (Claesson, J pr Chem [2] 15, 214) , 
a heavy oily liquid, with disagreeable odour 

Ethyl pentasulphide (C2H5)2S6; by heating 
(C2H5)2S4 and S at 150° ; a tough elastic 
sobd 

Ethyl sulphinic acid (LHsHSOg , by action 
of Zn(C2H5)2 upon SO, (Wischin, Annalen, 139, 
364 ; Hobson, Chem Soc Trans 1858, 10, 58) , 
the sodium salt is produced by oxidation of 
sodium mercaptide by dry oxygen (Claesson, 
J. pr. Chem. [2] 15, 199) The free acid is a 
syrupy liquid with a sweet taste , by action of 
XXNOg, yields ethyl sulphomc acid and 
(C2H6S02)3N0, crystals, m p 81 5°, very slightly 
soluble in water (Zuckschwerdt, Annalen, 174, 
308) Forms salts, of which NaCgH^SOa 
crystallises from alcohol in anhydrous crystals 
(C.) ; the lead salt was prepared from Pb(C2Hfl4 


and SO2 by Frankland and Jjawiauce (Chem. 
Soc Trans 35, 244) 

Ethyl chlorosulphinate CISO2C2H5. A 
faintly yellow liquid, bp 29 yu mm, whicJi 
decomposes at its bp, 122', undei oidmary 
pressuie, into sulphui dioxide and ethyl chluiide, 
formed by ti eating well-cooled ethyl alcohol 
with thionyl chloride (Stabler and Scluim, Bei 
1911, 44, 319) 

Ethyl sulphonic acid C2ll6 802 ()H by the 
oxidation of C^ligSH (Lowig and Weiclmann, 
Pogg Ann 49, 329 , Kopp, Annalen, 35, 346), 
C,H.CN8 or of ((^1X^282 (Muspratt, CXiem. Soc 
Trans 1849, 1, 45) by HNO3 , fiom C2H3I 
and (Graebe, Annalen, 146, 37) By 

heating ethylene sulphomc acid with P and 
1 HI at 170° (Kohler, Amer Chem J 20, 
688) , by oxidation of CgH^CNS with hypo- 
chlorites (J)e Coninck, (^ompt. rend 126, 838) , 
by action of con^ HNO3 upon meicuiy mer- 
captido mtrate (Hofmann and Rabe, Zcitsch 
anorg Chem 17, 26) The acid is a ciystallim* 
deliquescent body; by action of l(!l3 at 150°, 
we got dichloi ethyl sulphomc acid , excess 
of XCI3 gives CgClg (Spiing and Wcssinger, Bei 
15, 445) , unites with bases to foim salts (For 
halogen deiivativoi, see Kohlei, Amer Chem J 
19, 737, 20, 690, 21, 361 For salts, see 
Rosenheim and Liebknecht, Bor 31, 412 ) 

Ethyl sulphonate C2H5 SO2 ocyilg , b }> 
213 4° (coir), spgr 11712 at 070° 11452 
at 20°/4° (Nasim, Ber 15, 2884) , by ac(-ioii 
of ethyl sulphonic chloride Cyil^SO^Cl and 
CgHgNaO ((^arius, J 1870, 726, J pi Chem 
[2] 2, 262) , from C2H5I and silver sulphite 01 
sodium ethyl sulphites {q v ) 

Ethyl sulphonic chloride cyiloSC^f -1 , b j) 
177 5° (corr ) (Carius), 171° (Otto, Ber 15, 122) , 
spgr 1 357 at 22 5° (C ) , by action of 1^3 3 
on Na(7H580^ (Geihaidt and ('hancel, Compt 
lend 35, 690) , by action of Cl upon ethyl 
oxysulphide (8 and W I c) Colourless liquid, 
with unpleasant sintdl 

Ethyl thiocyanate C\n,8CN , 1) p 143° (Bei- 
thelot, Compt rend 130, 44 1), 14(>° (corr ) (Buff, 
Ber J, 206) , spgr 1 033 at 0°, 1 0126 at 19°, 
0 8698 at 146° (B ) , by action of KCJSI8 uiion 
ICC2H58O4 (Cahours, Ann Clam Phys [3J 18, 
264 , Annalen, 65I, 95), or CCHglJ (Lowig, I*ogg 
Ann 67, 101), or CClXr,l (Johnson and Levy 
Amer Chem J 1907, 38, 456) , fiom Et .SO4 
and KCN8, yield 87 p c (Walden, Ber. 1907, 
3214) 

A mobile liquid with unpleasant odour, 
insoluble m water, miscible with alcohol or 
other, by action of sodium foims NaCK and 
(^'2XX5)2S (Hofmann, Bei 1, 184), by heating 
with solution of KOH, yields iC >115)282, KCJM, 
and KCKO (Brumng, Annalen, 104, 198) , with 
alcoholic KOH, forms (02115)282, CO2, NHg, but 
no KCNS (Lowig), but with alcoholic KH8 
yields CgHgllS and KCJM8 (L ) Decomposed by 
hot solution of bleaching powder, yielding CO 7 
N, EtO SO2 OH, and H2SO4 NaClO and NaOH 
hot, yield (Et0)2S02 and KaCN Further 
action gives EtgSg, NaCN, and NaCNO, if all 
the hypochlorite is used up By action of 
aqueous NHgat 100°,it yields (C2H5)2S2, NH4CN, 
urea, oxahe acid, and other products (Kremer, 
J. 1858, 401; Jeanjean, J 1862,^364) By 
passing Cl mto it, there results (CNC1)3 and a 
1 liquid C2H3SCI3, b p. 134°-135° (James, J. pr. 
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Chem [2J 30, 31(3) A ohlonnc substitution 
product 02H4018C'N was obtained by James 
{ihid [21 20, 352) by heating C2H4ClBr with 
K(/N8 and alcohol, an oil heavier than water, 
with unpleasant smell , b p. 202°-203° ; m p 
below —20° 

Ethyl thiocyanate foims compounds with 
H(3, HBr, and HI (Henry, J 18(38, (352 ; Glutz, 
Annalcn, 153, 312) (Eor many other com- 
pounds, see Wheeler and Johnson, Amer (’hem. 
J 2(>, 345 , J Amci (’hem Soc 24, 080 , 
Wheeler and Jamieson, ifjtd 24, 743 , Wheeler 
and Moniam, ibid 24, 439 ) 

Ethyl esothiocyanate (^2W-^,N(!8 (L), EtAf/l- 
ihiot(irhinndf\ mustard oil , b p 134°, sp gi 1 0192 
at 0°, 0 9972 at 22°, 0 87()3 at 133 2° (Buh, 
Ber 1, 200) , by action of upon P285 

(Michael and Palmer, Am<‘r (’hem J 0, 259), 
also in very small (piantity when Hg(CNS)2 is 
heated with (’^Hr,! (Michael, ihid 1, 417), also 
by heating and ((J2H5)NH2 (Rathke, 

Annalen, 107, 211) A solution of ethylamme in 
alcohol IS treated with when crystals of etliyl 
ammonium ethyl dithioearbamate separate out, 
2((!2H,)NH2-f-CS2=(C,H,)NH 08 S NHalO.HJ 
A solution of this body is then treated with HgOl2, 
when the mercury compound is piecipitatcd . 

(02H5)NH (!8 S NH3((’.II,) |-Hg(’L 

==2(02HJH3N0M iNH((’.H3)08.,]2Hg 
On chstillation, this body yields the mustaid oil, 
HgS and H>S (Hofinanh, Ber 1, 171 , 2, 452) 
DeJepme (Oompt lend 144, 1125) improves the 
yi(‘ld of chthioearbamato by using 1 mohaulc 
each of OHj, amine, and soda, and then distdling 
with biVsic lead acetate 111 place of HgCl2. 
Mustaid oil is a IkiukI with very chsagreeablo 
smell, and 111 contact with the skm produces a 
burning sensation (Hofmann, Ber 1, 2(5) , with 
absolute alcoliol fonns monoethyl th 10 ure- 
thane ((\1P,)N11 C8 0(’2Hr,, a liquid, bp 
204° -208° , with aldehyde ammonia yields the 
eompound (’^Hj-N.S, mp 135°-13()° (Ihxon, 
(Jhern Soe 'riaiis 1888, 414) 

Thiot aibimides leact with phenylhydrazme, 
yielding thiosemieaibazides (Marckwald) With 
Br in chloioform a iing compound, (’20S2(NEt)2, 
melting at 45°, is foimed (Ficuiid and Bachiach, 
Annalen, 285, 184) 

Ethyl thiophens C48Hj((^’2H5) 

2- Eihyl ihiophen , bp 132°~134° (coir), 
sp gr 0 990 at 24° By action of (^’-oH^Br aiicl 
Na upon (^4SH3l (Meyer and Kieis, Ber 17, 
15()0) , also by action of Br upon thioplien, 
(Ml-Br and Na (Schleicher, tbid 18, 3015 , ibtd 
16 , 071). 

3- Ethyl thiophen , bp. 135°- 130°; sp gi 
1 0012 at 1()° By healing ethyl succinic acid 
with P2S3 (Hamsky, Ber 19, 3284 , Gcilach, 
Annalen, 2(37, 14(3) 

Di-ethylthiophcn , bp 181° , sp gr 0 9(32 at 
14°/14° An oil obtained by action of Na upon 
(’,145! and lodoethylthiophen (Muhlcrt, Ber 
19, 033). 

Ethyl telluride (G2n5)2Tc, Tellurethyl; bp 
137° -138° (Manpiardt and Michaelis, Ber 
21, 2045 ; Heeren, J 1861, 565) , from K2T0 
and KC2H^S04 (Wohler, Annalen, 84, 69 ; 35, 
111 ; MaUet, Chem 8oc. Trans 1853, 5, 71) 

A heavy, "^viscid, reddish -yellow liquid, with a 
very unpleasant smell, burns m air with blue 
flame, evolving fumes of TeOg ; hardly soluble 


m water, and oxidised by exposure to air , is 
poisonous HNO3 forms (G2H5)2Te,HNOs 
(monoelmic prisms) Strong HCl precipitate^ 
the oily eompound (C2H5)2TeCl2 from a solution 
of the nitrate , ammonia conveits this into 
f((’2Hr,)2Te]2(’l20 (hexagonal piisms), which, 
when tieatcd with Ag.vSOi, yields 
[(('2H5)/r0]2,H2804 

(colourless prisms) By action of Ag20 uijon a 
solution of the cliloiide, (G2H5)2TeO is produced, 
which decomposes on concentration 

When (G2H5)2Te is acted upon by (’2H-,I, 
tncthyl tellarnmi iodide ((^H^J^Tel is foimed, 
mp 90°-92° ((’ahours, Bull Soc. chim. [2] 4, 
40), which crystallLses in yellow prisms 

Ethyl ditelluride ((’2Hr,)2Te2 is said to be 
formed m the prepaiation of ((-'2H5)2Te, and to 
be a dark-red licj[uid, with high boil.ng-point 

Ethilamlnes 

Gonmounds in which one or moio atoms of 
H in NH3 are replaced by C2H3 

Ethylamme G2H^NH2," bp 18 7°, sp gi 
0 (39()4 at 8°, 0 708 at 2° (Hofmann, Bei 22, 
699); mp -85 2°, bp 19° to 20° (l.adcnburf; 
and Kiugel) , sp gr 0 7013 at 4°, 0 (3892 at 15° 
(Perkin), cut. temp 185 2° (8chmidt) , 
183 2° and cut pi ess 55 4 atm. ( Berth oud) , 
H (’ —408 5 (’als (Berthelot, Ann Chim. Idiys 
[5] 23, 244) Eiom etliyl caibimide and JvOH 
(Wurtz, Annalen, 71, 330, also (’ompt lend 
28, 223), fiom (’^H^Br and NHj (Hofmann, 
Annalen, 74, 159) , by tlie putiefaction of yeast 
and of IJoui (Hesse, J 1857, 403 , Sullivan, J 
1858, 231), by heating alcohol with NH4(Jl at 
300° (Berthelot, Ann (’him Plrys |3J 38, ()3) , 
by action of nasc'ciit H upon acetonitiiIe(M( iidius, 
Annalcn, 121, 142) It is also produced m the 
diy distillation of the lesiclues from beet-ioot m 
sugar manufacture (J)uvilliei and Buisinc, Ann 
(’him fdiys 15J 23, 317) , by ac tion of KC^H ,80 ^ 
ujion alcoholic NHj at 120’ (Eilenmeyci ami 
Carl, J 1875, (317) , by action of Na upon 
CH3 CONH, in boiling amyl alcohol (Gucibet, 
(’ompt lend 129, (32) , fiom EtOH and phos- 
pham at 225°-250° (Vidal, 1) K. P (34346) , by 
action of Zn filings and IKJl in the cold on 
aldehyde ammonia (4Villat and Fayollat) (Jean) , 
by electrolytic reduction of mtiuethane in 
H,804 at 70°-75° (Pieion, Bull Soc chim [3], 
21; 784) 

PreiHiKiiivii — (1) 1 volume ot ethyl mtiate 
CCH^NOj is tieated with 3 volumes ol alcoholic 
ammonia for 12 hours at 100°, the fico bases 
are separated from the NH^ by neutralising with 
H2 vS 04 or HCl and extractmg with alcohed ; the 
'sulphates or chlondes are then decomposed by 
Na(JH, and the fiee bases combined with picric 
acid and crystallised The picratc of (Call 5) ^N 
separates first, in yellow needles, then tiro 
(’2H5NH2 salt in blown prisms , the jiicrates are 
then separated and decomposed by HCl, and 
the bases liberated by KOH (Carey Lea, (Jhem. 
Nows, 5, 118). 

(2) (Jrude * from manufacture of 

chloral, is heated for an hour with 3 times its 
volume of alcohol (95 p e ) previously saturated 
with ammonia, in an iron vessel lieated by a 
water- bath On cooling, the NH4CI is filtered 
off, and the remainder distilled until free from 
NHg and alcohol, the residue (hydrochlorides of 
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mon-, di-, and tri-cthylamme, mixed with a 
little NH4CI) IS treated with a strong solution 
of NaOH, and the liquid drawn off and dried 
by means of solid NaOH ; it consists of a mix- 
ture of the throe bases , ethyl oxalate is then 
added, and the (02H5)3N, which is unacted upon, 
IS distilled off , the lesidue consists of a mixture 
of solid diethyl oxamidc (v202(NH(^H5)2 and 
liquid ethyl diethyloxamate C20oN(C2H5)20C2H5, 
which arc separated and the diethyl oxarnide, 
after recrystalhsing from hot water, decom- 
posed with KOH (Hofmann, Ber 3, 109, 770 , 
also Duvillier and Bursine, Compt rend 
88, 31) 

According to Garner and Tyrcr (Ohem Soc 
Trans 1916, 109, 174), a mixture of mono-, di-, 
and tn-othylammc can be separated by fraction- 
ating with a 10-bulb column. 

(3) By the interaction of ethyl bromide and 
excess of ammoma in alcoholic solution. By 
regulating the addition of the ethyl bromide 
to the ammoniacal solution it ls possible to 
obtain the primary and secondary bases with- 
out any sensible admixtuio of the tertiary 
base (see Werner, Chem Soc. Tians 1918, 113, 
8J9) 

Properties — Is a mobile liquid, with strong 
ammoniacal odour, is strongly caustic, and has 
an alkaline leaction , burns with yellow flame, 
IS miscible in all proportions with water, chsplaces 
NH3 fiom its salts, and, like ammonia, ])reci])i- 
tates metallic hydi oxides and oxides fiom salts 
It, however, dissolves the hydroxides of A1 
(Wuitz), Au, and Ru ((^arcy Lea), and does not 
dissolve those of Cd, Ni, and (/O 7110 chloride 

is decomposed on distillation into (MT-NH,, 
(02H^)2NH, NH3, C2H4, and (Fileti and 

Riccini, Ber 12, 1508) CrO, oxidises efhyl- 
amme to aldehyde and N (Caistanjen, J 1862, 
330) 

Gaio’s acid oxidises EtNH, yu^ding 
CII3GOOH, CH^t^N, CH,Cn NOH, ^itioethane, 
and 0HjG(OH)NOfl (Bamberger, Ber 35, 
4293) It forms a compound CMlrNllK 
(Titlicrley) 

Salts {v Wuitz, Annalen, 76, 329) — 

((L^I-JNH2,HC1, deliquescent plates, mp 
70° -8()^ , b p 315''-320 ' (with decomjiosition) , 
sp gr 1 2045 at 2174° (Schiff and Monsacchi) , 
molecular refiact 35 97 (calc 35 95) (Kanon- 
nikow, J pr (diem [2] 31, 347) , soluble in 
alcohol , fiolublo m 0 42 part of water at 17° 
(8 and JVi Zeitsch physikal Chem 24, 513) 
Prepared by heating 1 volume of (LHriCl with 
3 volumes alcoholic ammonia to 100° (Groves, 
Chem Soc Tran^ 1861, 13, 331) The h>dio- 
chlonde and hydroiodide exhibit isodimoiphism , 
both are monoclinic at ordinary temperatures, 
changing at higher temperatures to uniaxial 
modifications 02H3NH2,Hg(^l2, by ac i ion of 
alcoholic HgCl2 on alcoholic" CCItsNIL , a 
crystalline precipitate, soluble in ^hot" HCl 
solution. With excess of HgCl2 m aqueous 
solution a white precipitate 

2C2H5NH2,HgCl2-f2H^O 

IS thrown down; bv heating CgHgNHg with 
excess of HgCl2, a yellow precipitate 

ClHg OHg NH C2H, 

separates ; whilst a crystallisable compound 
ClHg'NH-CaHg remains in solution (Kohler, "^er. 


12, 2308) 2C2H5NH2,Pt('l2, yellow powder, 

combines with (C2H5)NH2, and forms 

4C,H,NH,,rtCl,,2H,0 

colourless crystals, soluble m water 
I (CjHft NjH2>N01)2,PtC’l4, orange-yellow flat 
rhombohedions (Weltzien, Aiinakui, 93, 272), 
hexagonal rhombohedrons (Topsoe, J 1883, 
619), spgr 2 255 at 19°/4° (Clarke, Bei 12, 
1399) C2H3NH2,HCl,AuCl3, golden-yellow nio- 
I noclmic piisms, soluble m water (T ) 

(C.H 5NH 2)^,1! 78O4, deliquescent body, sol- 
uble in alcohol, forms double salts with otlici 
sulphates, e g ethyl-ammonium alum 

(C2H-,NH2)2,H2S04,A1.(S()4)3,24H20 
octahedral crystals, soluble at 25° in (> 89 paits 
of water. 

Ethylchloniimne C2H5NHCI. A veiy j)un- 
gent-smelling oil ; sp gr 1 067 at 0° , formed by 
action of NaClO upon C2H6NH2,H(1 Heated 
with H(4, yields etliylaminc (Berg, Ann (diiiii 
Phys |7j3, 319) 

E thyld it hlor amine, ethylnih ogeiu hloi ide 

C2H3 NCI2 ; bp 88°-89° at 7()2 mm., 
spgr 1 230 at 15°, by jiassmg (4 thiougb 
aipieous C2H3NH, (Wuitz, Compt lend 11, 
810), piepaied by distilling a mixtuie of 
C2H5Nll2,riCl with 2[ times its weight of bleach- 
ing powclci and a little water (Tscheimak, Bei. 
9, 14()), a yellow oily liquid with a penetrating 
smell, insoluble in watci and acids, clecomjioscs 
on long standing into H(4, NH4CI,C,H -NH „H('l, 
(91C13, (dIjCN, and CH3 COVi (Kohler, Bei 12, 
1870) 'flu' puio substance keeps unchanged 
for long peiiods under water (4’schei-niak, ibid 
12, 2129) Alkalis deconqiose it into acetic 
acid and -NMi ^ , behaves towaids many bodies as 
free (4 Zn((!>H.,)2 foims and Zn(4, 

Ethyl di-iodoamntc (Cll^^Nl^, and Ethyl di- 
biomamtne (.'2H-NB12, aio formed similaily; 
the foimei is a dark-blue licjind (Wuitz) 

Ethyl Hitiamme C^ll r,NH NO^ , m ]> 6°, 

spgr I 1675 at 15° A colouiless liquid, with 
an acid leaction, piepaied by the action of NH3 
upon diethyl dimtro-oxamide It gives two 
classes of alkyl deiivatives (Umbgiove and 
Fraiichimoiit, Rec trav cliim !(>, 388) It is 
also foimed from methyl ethylcai hamate and 
cone HNO3 (Pianchimont and Klobbie, ibid. 
7, 356) 

NiUoethylisomtr amine CHNO^ N(OH)NO 

IS obtained by the action of NO upon the Na 
deiivative of mtioethane It foims metallic 
salts, which aie hydiolysed by mineial acich, 
giving NO and ethylmtiolic acid (Tiaube, 
Annalen, 300, 106) 

Diethylamine (C^HJ^NH , mp —40° (Hof- 
mann, Ber 22, 699) ; " b p 57 5° (Hofmann, 
Annalen, 73, 91), 55 5° at 759 mm (Oudemans, 
Rec trav chim 1 , 59) ; ent temp 223 3, ent 
press 36 6 atm (Berthoud) , sp gi 0 7262 at 0°, 

0 7107 at 15° (Hofmann, Ber. 22, 669), 0 7226 
at 4°, 0 7116 at 15°, 0 7028 at 25°. Fiom NH3 
and C^HrjI (Hofmann), or NH3 and C2H3NO3 
(Lea, J 1861, 493 , cf Gainei and Tyrcr, I c ) 
From C^HgBr (Werner, Chem Soc. Trans 1918, 
113, 899) Prepared by the action of KOH 
upon the C202N(C2H3)>OC2H5 obtained in 
manufacture of etliylaminc {q v ) 

1 Also by action of very dilute NaOH solution 
upon [fC2H02N(NO)]2,H.SO4 (Kopp, Ber 8, 

I 622). Also by action of EtOH upon phoepham 
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at 22C)^~250^ (Vidal, D R P 6434G). By heating 
2?-toluenesuIphocliethylaraido with chlorsulphonn' 
acid at 130 -160° (Marckwald and v llroste- 
Hulshoff, Ber 31, 3263) By dissolving 60 grams 
diothylamline in 148 grams IlCl (sp gr 11), 
diluting with 76 c o H^O, adding 32 grams 
NaNOo in 60 c (j H.^0 and pouring slowly 
through a rollux condenser into a ooiling solution 
of 85 grams NaOH in 2 litres of H^O (Noms and 
Kimberley, Amer C'hem J. 20, 60) 

Price, Brazier, and Wood (J Soc Chem. 
Ind 1916, 35, 147) have described a convenient 
mode of prepaiing large quantities of diethyl- 
amino in tlio laboiatory by a simple modification 
of this method 

NO-CeH^-NEt.H-NaOH 

=NHEt,+N0-CeH, ONa 

It a colourless, inflammable liquid with 
strong ammoniacal smell, very soluble in 
water , is a strong base, and acts like CgH^NH^, 
except that it does not dissolve Zn(OH)^ (Oarey 
L(*a) HjOg oxidises it to diethylhydroxylammo 
(Dunstan and Golding) The nitiate decom- 
poses suddenly at 170°, and yields niti osodicthyl- 
amine ((;2H6)2NNO (Franchimont, Kec trav 
chim. 2, 95) ; the hydrochloride 
forms non-deliquo^cent plates , m p 215°-217° 
(Wallach, Annalon, 214, 275), bp 320°-330° 
(W ) , sp.gr I 0475 at 21°/4° (Schiff and Mon- 
sacehi) , and comlunes witli many metallic 
chlorides, eg [(0oHc)2NH,H01],PtCl4, orange- 
yellow monoelmic crystals (Topose, J 1883, 619) 

Viethykhloramine {C2Hrj)2NCl A pungent- 
smelling oil , bp 91° , sp gr. 0 943 at 0° , 
formed by action of NaOlO upon ((/2lf-,)2N-H^ 
It decomposes on keeping with formation of 
((^^HJ^NILHCI (Berg, Ann Chim Phys [7] 3, 
320) 

Diethylmtramine Et^N NO^ , b p 20() 5° 
at 757 mm , 93° at 16 ram , sp gr 1 057 
at 15° Formed by action ot Etl upon 
EtNK'NOg ; also by action of highest con- 
centrated HNO3 upon e/6-diethyluiea It is 
decomposed by KOH at 150°- 1 60° into EtNH>, 
HNO3, and CH3('H0 (Franchimont, Kec trav 
chim 6, 149 , F and Umbgrove, ibid 16, 39b) 

Diethylisoniiiainuic An oil, bp 4b°-50° at 
18 mm , sp gr I 000 at 15°, formed by inter- 
action of Etl and C2ll5NAgN02 KOH at 
100° decomposes it into alcohol, N, and CH3CIIO 
(U andF. /(• 399). 

N Urosodiethijlaimne (03^5)2^^^ > ^ P 

176*9° (corr); sp gr. 0*951 at 17 5°, VD 
= 3 36 (calc = 3*53) (Knecht, Ber 10, 979) , 
by distillmg neutral solution of (C2H5)2NH,HC1 
with a concentrated solution of KNO2 (Geuther, 
Annalen, 128, 251 , .J. 1871, 695) , also from 
(02H5)2NH and NOCl in other solution at 
— 16° to —20° (Solonina, J Kuss Phys. Chem. 
Soc 30, 431) , a yellow oil with aromatic 
smell, decomposed by HCl into (C2H5)2NH and 
HN()2 Alcohohe KOH at 140° forms NH3 
and (C2 Hb)NH 2. Na amalgam forms N2O and 
(C2 Hb) 2NH. 

Triethylamine (C2H6)3N ; b p 89°-89 5° at 
736 5 mm. (Bruhl, Annalen, 200, 186), 89°-90 5° 
at 767 8 mm (Hofmann); spgr 0*735 at 15° 
(Hofmann, Ber. 22, 700), 0*7426 at 4°, 0*7331 
at 16°, 0*7627 at 25° (Perkin) , crit temp. 267 1° 
(Pawlewski, Ber 16, 2633) , remains hqmd at 
—76° under 10 mm. pressure (H.) By the 


action of NH3 upon C2H5I (Hofmann, Annalen, 
73, 91) or upon C2H5NO3 (Carey Lea). 

Preparation — (1) Cinde ethylamme (from 
C2H6CI and NH3) m alcohohe solution is treated 
with C2HBCI (Duvillier and Buisino) , (2) by dis- 
tillation of (C2Hr,)4N OH. 

Properties — An oily liquid with strong am- 
moniacal smell, slightly soluble m water ; strong 
base. On strongly heating its salts, (C2H5)3N is 
destroyed, with hirrnation of a little (CgH b) 2N NO 
(Geuther, Zeitsch Chem 1886, 513) 

The hydrochloride forms feathery non-deh- 
quescent scales, and combme^ with many metallic 
salts to form double compounds N(C2 Hb) 3,HC1, 
spgr 1 06885 at 21°/4° 1 part of water 

dissolves 1 5 parts salt (Schiff and Monsacchi) 
(C2 Hb) 3N,HN03, mp 98°-99° (Franchimont, 
kec trav chim 2, 339). 

Tetra-ethylammonium hydroxide 

(C,H5)4N oh 

formed from the iodide (C2Hr;)4NI by the action 
of AgoO. It forms very deliquescent needles, 
IS a strong base, which eagerly absorbs CO„, 
displaces NH3, precipitates metallic hydi oxides, 
and gives a blue solution with sugar and (hi80^ , 
IS decomposed by dry distillation, foimmg 
triethylamine, etbylenev and 11 oO , when heated 
with CgHjI, gives (00115)4! and alcohol 

iSaltb- — (C2H5)4NC1, forms deliquescent crys- 
tals, spgr 1 0801 at 21°/4° (8chill and 
Monsac(hi), and yields many double salts, 
^7 [(1^^2H5)4NCl]2Hg(32, tetragonal crystals; 

(CMl5)4NCl,Hg(3>, tnclimc crystals (Topsoe, J 
18^1, 620) , [(C2H5)4NCl]2PtOl4, orangc-yellow, 
crystalline (monoclimc (T )), difficultly soluble m 
water, almost insoluble m alcoliol , ((J2HB)4NBr, 
light-oiangc needles, m p. 78°, combines with 
Br to form an unstable pentabiomido (Marquart, 
Ber 3, 284) , gives with alcoholic I solution a 
precipitate of (('2H5)4NIj, ✓quadratic pi isms 
(Wclt/ien, Annalen, 91, 33), which is also loimed 
along with loclofoim when the monoiodide is 
electrolysed between platinum elc( ti odes 

(Goocke, Zeitsch Elektrochem 10, 249) , the 
monoiodide (F2H5)4NI forms largo ( rystals 
soluble m cold watci and in alcohol, insoluble m 
ether, sp gi. 1 559 (SGuoder, Ber 12, 5(i2) 
a-Ethyl hydroxylamine (^2H 5O NH2 , b p 68°, 
sp gr 0 8827 at 7 5° (Gurke, Annalen, 205, 277) , 
by the action of 11(3 upon benzoyl etliylliydroxyl- 
amme ethyl eihei CeHsCO NCgH^ OC^Hg, 01 
upon the ethyl ether of bcnzaldoximo 

GeH^FH 

(Lo.s&oii and Zanni, ibid 182, 223) 

A strongly smelling inflammable liquid, 
nubciblo with water, alcohol, or ether ; gives 
with AgNOg a white precipitate, which, on heat- 
ing, is changed to metallic silver , with acids, 
forms salts, e g C^H70N,HC1, scaly plates, 
m p 1 28°, decomposed by heating with HCl to 
150° into C2H5CI, NH3O, HCl, and NH4CI ; umtes 
with PtCl4 to form (C2il7^N,HCl)2PtCl4 ; pris- 
matic crystals, soluble m water and in absolute 
alcohol (L^sen and Zanm) The sulphate 
(C2H70N),H2S04 crystallises with difficulty, and 
IS soluble m water and m alcohol. 

^-Ethyl hydroxylamine C2HBNH OH ; m p. 
69°-60°, with decomposition ; sp gr 0 9079 
at 63 9° (Brhhl). Formed by heating for 8 
hours at 140°, /3-ethyl-a-benzylhydroxylamine 
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with cone HCl (Behrend and Louchs, Annalon, 
257, 239) ; from hydroxylamine and EtI 
(Lobry de Bruyn, Rec. trav. chim 13, 48 ; 
Hantzch and Hilland, Ber. 31, 2065 ; Bunstan 
and Golding, Chom. Soc Trans. 75, 807) ; by 
heating 1 part m-mtrobenzylaldoxime-N-ethyl 
ether with 7 parts cone HCl (Kjellin, Ber 26, 
2378) ; by electrolytic reduction of mtrocthane 
in H2SO4 solution at 15°-20° (Pierron, Bull. Soc. 
chim. [3J 21, 784). 

It IS very easily soluble in water or alcohol, 
less so in ether, benzene, or cold ligroin It 
reduces Barreswil’s solution, and is reduced by 
HI to C^H.NH^. 

i8)8-Diethyl hydroxylamine (C2H5),N OH , 
b p 130°- 134°. with decomposition (Dunstan 
and Golding), b p. at 15 mm 47°-49° (Lachman) , 
spgr 0 8771 at 15°/15° (D. and G ), 0 8784 
(L ). An oil formed by action of EtI upon 
NH2OH, and also from (C2H5)2NH and 11,02 
(D. and G Ghem. Soc Trans 75, 800) Fiom 
addition product of diphenylmtroaamine and 
Zn(Et)2 by decomposition with water, along 
with diphenylamino and Zn(OH)2 (Lachman, 
Ber 33, 1022) 

Is a feeble base, soluble in water, alcohol, or 
other. R^^ducos AgNOg and HgCl,, and, on 
heating, CuSOi Reduced with HI, yields 
(02H,)2NH. 

ctjS-Dlethyl hydroxylamine C2H5NH ; 

b.p. 83° ; sp gr 0 829 at 0° ; formed by inter- 
action of a-othvlhydroxylammo and EtBr. It is 
easily soluble in water, alcohol, or ether Heated 
with cone. HOI at 200°, yields HN2(('2H5) and 
C2H5OI (Lossen, Annalen,' 252, 230). 

The hydrochloride C4H11NOHCI of an iso- 
meric compound is obtained by action of Sn and 
HCl upon C2H5NO3 (Lossen, ihid Suppl 6, 238) 
The salts are more soluble in water than those 
of hydroxylamine. The free base is a syrup, 
easily soluble in water, and has strong basic 
properties The platinum salt is in the form of 
orange-yellow plates, soluble m warm alcohol 
and m water 

Triethyloxamine (C2H5)3NO is a colourless 
crystalline mass obtained from )3i3-dicthyl- 
hydroxvlamine and EtI. Also from NEt3 and 
H2O2 (Dunstan and Golding ; Lachman) 

It is very easily soluble in water, less so in 
(-HCI3 and insoluble in ether Decomposes on 
heating. Reduces Barreswi Ts solution on heating 
It gives a precipitate with CuSO^ and AgNOg 
On reduction, yields triethylamine 
Triethyl methyl ammonium iodide 

N(C2H,)3CH3T 

obtained by action of N(C2H5)3 upon CH3I 
(Ilofmann, Annalen, 78, 277) (for other Salts, 
V Topsoe, J. 1883, 620) The picrate melts at 
267°-268° (Lossen, Annalen, 181, 374) 

Diethyl dimethyl ammonium Iodide, obtained 
from N(CH3)2H and CgH J ; or from 
and CH3I (V. Moyer and Lecco, Annalen, 180, 
177) (for other Salts, v Topsoe, I c ) The 
picrate melts at 285°-287° (Lossen, Annalen, 
181, 374) 

Ethyl trimethyl ammonium iodide is formed 
from (CH3)3N and C^Hgl (Muller, ibid. 108, 1) 
(for other Salts, v. Topsoe). The picrate melts 
at 299°-300° (Lossen) 

Triethyl propyl ammonium iodide 

N(C2F3)3(C3H,)I 
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crystallises m largo needles (Mendius, Annalen, 
.^1, 136). 

Diethyl i?oamylamine N(C2H5)2(C5 Hji) ; b p 
154°; from the distillation of N(C2H5)3(05H],)OH 
(Hofmann), [N(G2H5)2C,Hi„HCl]2PtCl4, yellow 
needles 

Triethyl woamyl ammonium iodide 

formed by the action of upon Cr,H,,T 

(Hofmann, Chom. Soc Trans 1852, 4, 313, 
Annalen, 78, 279) , the hvdi oxide decomposes 
on heating as follows — 

C3H„(C,H,)3N OH 

=N(C3H,4)(02H,)2 1 CJI4 + H.O 

Diethyl methyl isoamyl ammonium iodide 

N(C2n3)2CH3(C,H,,)I 

IS formed from N(C,H,) .(f'^Hu) and CH3I 
(Hofmann) 

Ethyl-methyl-? soamylamine 

bp 135®; IS obtained by distillation of the 
hydi oxide of the radical of the preceding com- 
pound ( H of m ann). 

Acetethylamide (TI3 CONHCJIg; bp 205°, 
spgr 0 942 at 4 5° (Wurtz) ; ^bp. 204°-205° 
(Titherloy) , from ethyl acetate and ethylamine 
(Wurtz, Ann ('him Phys [3j 30, 491 , Compt. 
rend 36, 180 ; Annalen, 76, 334) or from 
C^H-NCK) and (Wurtz, dnd 88, 315) , 

from CJl3CDNHNa and Etl at 150° The 
hydrochloride foims deliquescent necilles, melt- 
ing at 60° With NaNH, yields CH3(K)NNa(J2H r,, 
which, with KMeSO^, gives ('H^CONMeEt.an oil 
boiling at 180°, and soluble m water (Titherley, 
(3iem Soc Tians 1901, 393) By action of Cl 
yields ethyl acetyl mttogen chloride N(JlEt(C2H30) 
(Norton, Tchermak, Bull Soc (him. [11 ] 30, 106 , 
Compt rend 86, 1409), an oily unstable liquid, 
slightly soluble m water 

Acetdiethylamide bp 

185°-186°; spgr 0 9248“ at 8“5° (Wallach, 
Annalen, 214, 235) 

Diacetylethylamide NC2H5(C2H30)2 ; b p. 
185°-192° (Wuitz) , sp gr I 0092 at 20° (W ) , 
by heating EtNCO with (C,H3())2() to 200° 
(Wurtz, Ann (Jhim Phys [3j 42, 43) 

Ethyl hydrazines ; Ethylamide. 

1 Ethyl hydrazine CgllgHN NHg ; bp 
99 5° at 709 mm , is prepared by reducing 
mtrosodiethyl urea N(( ’gHrOH'CO N(NO)C2H5 
by means of zme-dust and acetic acid ; this 
yields ethyl hydrazine urea (semi-carbazide) 
N(C2H5)H CO N(NH,)(^,H.,,andthis,by actionof 
HCl, forms C,H,HN“NH2, CO,, and , 

by passing in HCl the chloride separates out, 
which IS then decomposed by strong KOH solu- 
tion and solid KOH, and the resulting oily 
liquid distilled over ]iaO (Fischer, Annalen, 
199, 287) ; also by reducing ethylnitramine with 
Zn and HCl (Thiele and Meyer, Ber 29, 963) 

Is a colourless liquid, with faintly ammoniacal 
odour ; has great afiimty for water, in which 
it IS soluble, as also in alcohol, ether, chloro- 
form, and benzene ; fumes in air and destroys 
cork and caoutchouc ; reduces Barreswil’s solution 
in the cold. Br water liberates N. It precipi- 
tates metallic oxides, and gives the ^5onltrlle 
reaction with KOH and CHCI3. Forms two 
( blondes : (1) (CH3N.„2H(3, white needles, very 

2 X 
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soluble in water and alcohol ; on heating to 110° 
yields (2) CgHgNgjHCl, an amorphous hom^ 
deliquescent body. The sulphate crystallises 
from alcohol in thin plates, and is very soluble 
in water By heating CgHgNH NHg witn KgSgO, 
at 80°-100 , potassium ethyl hydrazine sidpho- 
nate CgH^NH NHSO3K is obtained ; this forms 
fine needles, very soluble in water, much less 
soluble in alcohol or ether (Fischer) 

2 as-Diethylhydrazine (CaHglaN NH^ ; b p. 
96°-99° ; prepared by action of zinc-dust and 
acetic aciQ upon a solution of nitrosodiethyl* 
amine ((l2H5)2(NO)N ; 30 grams (C)2H5)2(NO)N 
dissolved in 300 grams water are mixed with 
150 grams Zn dust and 150 grams C1^H4() (of 
50 p c ) kept at 20°-30°, and, towards the end, at 
40°-50° Excess of Zn is then dissolved by HCl, 
an excess of NaOH added, and the mixture 
distilled , the distillate is neutralised with HCl 
and NH4CI separated by crystallisation From 
the mother liquor (C2H5)2N2H2 mixed with 
(C2H6)2 HN is freed by solid KOH. By the 
action of HCNO diethylhydrazmo urea (semi- 
carbazido) NH2-CO NH is formed 4 

grams of this compound arc heated with 15 
grams of HCl in a sealed tube at 100°, diluted 
and the NH4CI separated ; on treatment with 
KOH, pure (C,IL)2N2H, is obtained (Fischer, 
Annalen, 199. 308). 

Is a colourless liquid with a faintly am- 
moniacal smell, very hygroscopic and soluble 
in water, alcohol, ether, chloroform, and ben- 
zene ; reduces Barroswil’s solution only on 
warming ; is monobasic ; the salts are soluble m 
water and alcohol, and difficult to crystallise 
r(C2H5)2N2H2 HCl]PtCl4 forma fine yellow 
needles, soluble in water With 80(32 
cold ether, yields (C2H5)2N N80, an aromatic 
oil, b p 73° at 20 mm Jt is slowly hydroly.sod 
by water (Michaelis and 8torbeck, Ber 26, 
310) 

3 sym-Dicthylhydrazine C2H5 HN NH C2H, , 
b p at 758 mm 84°-86°. Formed by heating 
at 100° foi 3 hours 1 part .si/w-diethyl-difoniiyl- 
hydrazido and 2 parts fuming HCl, an oil; 
heated with cone HCl, at 155°, yields NH4CI 
and C.HgCl With yellow HgO forms HgEt2. 
With HNOj yields ethyl nitiite The hydro- 
chloride melts at 100° with decomposition 
(Harries, Ber 27, 2279) 

Triethyl-azonium iodide (C2H5)3NNH2l is 
formed by action of diethylhydrazmo upon 1^ 
times its weight of C2H5I (Fischer, Annalen, 
199, 316). It forms needles very soluble m 
water and in hot alcohol ; insoluble m ether and 
strong alkalis By action of Ag20, gives the 
strongly alkaline free base, whiim, on heating, 
yields (C2Hp)2N NHj and C2H4. By the action 
of nascent H (Zn and H28O4), the iodide yields 
HI, NH3, and (C2H6)3N. 

Tetra-ethyltetrazone(C2H5)2N N.N 
by the action of yellow HgO upon a cold aqueous 
solution of (CgHglgN NHj (Fischer, Annalen, 199, 
319) , is an oily liquid with a disagreeable smell, 
not volatile without decomposition, and which 
does not freeze at —20°. When decomposed 
by heat, yields N and (CgHglHaN. Forms an 
(‘xplosive oily compound with I. Is a strong 
base, though its salts are very unstable. It re- 
duces silver solutions with formation of a mirror 
The solution decomposes on heating, jdelding 
N, N(C2H^)2H, and aldehyde The Pt doubb 


salt [(C2HB)4N4,2HCll2ptCl4 forms yellow pnsms 
soluble in water. 

Ethylene C2H4, Olefiant gas, Heavy car- 
buretied hydrogen, Bicarhuretted hydrogen, 
Elayl, Ethene, Eihenn, discovered by Heiman, 
Van Trootswyk, Bondt, and Lauwerenburgh 
(Crell’s Ann. 1795, [2] 195, 310, 430) Obtained 
by action of H2SO4 upon alcohol ; the addition 
of Al2(S04)3 increases the rate of production 
(Senderens, Compt rend 1910, 151, 392). 
The sulphuric acid can be replaced by syrupy 
phosphonc acid, sp gr 1*75 (Newth, Chem Soc. 
Trans 1901, 915) ; or alcohol vapour may be 
passed over heated phosphoric acid, or over 
thin layers of aluminium sulphate at 350°-400° ; 
by the dry distillation of many organic bodies 
(hence occurs to the extent of 4 or 6 p c m coal 
gas). Also formed when CS2 and HgS (or PH3) 
are led over heated copper (Berthelot, Annalen, 
108, 194) To prepare the gas, a mixture of 
25 parts (by weight) of alcohol and 150 parts 
sulphuric acid is heated to 170°, and a mixture 
of 1 part of alcohol and 2 of H2SO4 is allowed to 
drop slowly into the vessel by means of a funnel. 
The gas is passed through H2S04,Na0H solu- 
tion, and then again through H2SO4. For the 
preparation of small quantities of pure gas, an 
alcoholic solution of is warmed with 

granulated Zn (SabanejefT, J Buss Phys (Jhem 
8oe 9, 33) Equal volumes of (^^0 and H led 
over coke impregnated with reduced Ni and 
Pd heated at 95°-100°, yield 8 3 pc. 0,H4 
(Orloff, ilnd. 40, 1588) 

Ethylene is produced on an industrial scale 
by the method of Maihle by passing the vapour 
01 alcohol over amorphous alumina heated to 
360°. For details, see Sprent, J. Soc. Chem. 
Ind 1913, 171 

Properties — A colourless gas, liquehed by a 
pressure of 42^ atmospheres at —11°, bp 
— 105° (Cailletet, Compt rend 94, 1224), 
— 102°-103° (Wroblewsky, Olszewsky, Monatsh 
4, 338), —103 9° (Burrell and Kobertson) ; 
mp —169°, bp at 757 mm. — 104*3°, sp gr 

0 6095 at —102 7° (Ladenburg and Krugol, 

Ber 32, 49, 1821); -102 5°, sp gr 0 665 

(Maass and McIntosh, J. Amer Chem. Soc 
1914, 36, 737) ; crit. temp. 9 5° ; becomes 
liquid at 1° and 45 atmospheres, at 4° and 50 
atmospheres, at 8° and 56 atmospheres, and at 
10° and 60 atmospheres (C ) ; Lj3= 1*26031 
(Batuecas, Helv Chim Acta, 1918, 1, 136) 

1 volume of water absorbs at <°, 

0 25629-0 009136/4-0 OOOI88I/2 
volumes C2H4 (Bunsen) Alcohol (of sp gr 0 792 
at 20°) absorbs 3 59498-0 05772/-f0*000681/2 
volumes (Carius, Annalen, 94, 133) ; H C.p. 
=341*4 Cals ; H F (from amorphous C)=— 9*4 
Cals. (Berthelot, Ann. Chim. Phys. [5] 23, 180). 

Ethylene forms an explosive mixture with 
oxygen, and explodes, even in the cold, in con- 
tact with ozonised oxygen (Houzeau and 
Ronard, J 1873, 319) Led through a hot tube, 
it splits up into C, H, CH4, CaHa, and CgHg 
(Berthelot, Annalen, 139, 277 ; Bone and 
Coward, Chem. Soc. Trans. 1908, 1197). When 
heated in an iron tube under a pressure of about 
70 atmospheres it undergoes rapid polymerisa- 
tion at 380°-400°. The liquid polymerisation 
products consist of mixtures of saturated, 
ewhylenic, and polymethylene hydrocarbons ; viz. 
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?cSO-pentanp, hoxano, heptane, octane, nonane, 
amylene, hexylene, nonanaphthene, and ajS 
decanaphthene, hen-, deca-, dodeca-, tetradeca-, 
and pentadeca-naphthenes At atmospheric 
pressure ethylene does not polymerise, even at 
000® (Ipatieff, Ber. 1911, 44, 2978) Decomposed 
by leading over reduced Ni at 300® into 0, O2H8, 
CH4, and H (Sabatier and Senderens, Oompt 
rend. 124, 010, 1358). By the action of tlie 
electric spark it forms OgHg and H, and then C 
and H (Wilde, Zeitsch. Chom 18G(>, 735) It 
combines with H to form when the 

mixture is passed through a hot tube (Ann. 
(‘him. Phys [4] 0, 431 ; Bull Soc chim [11.] 39, 
145), or when in contact with Pt black in the 
cold (Wilde, Bcr 7, 354) By heating a mixture 
of (^2^4 and (JO2 at 400°, aldehyde is formed 
(Schutzenberger, Bull. Soc. chim. [11 ] 31, 
482) CrOg converts it into aldehyde at 120° 
(Annalen, 150, 373). Fuming sulphuric acid 
absorbs readily largo quantities of 1^21^4 
ordinary temperatures, as docs also common 
TI2SO4 at 160°-170° (Butlerow, Ber. 6, 193), 
forming C2H5HSO4 (Faraday). 03114 combines 
at 100° with strong HI or HBr solution, but not 
wit,h HCl (Bcrthelot, Annalen, 104, 184; 115, 
114) Wi^h bromine water forms a mixture of 
ethylene bromohydrin and othylono dibromide 
(Read and Williams, (‘hem Soc 'Prans 1917, 
111, 240). N2O4 reacts with ethylene to form 
ethylene mtrosito, and NoOr, to form ethylene 
nitrate (Demjanow, Clicm. Zentr. 1899, 1 1004) 
In presence of AlBr^, HBr unites at 0° with 
O2H4, forming C2Hr,Br With (^IgO, cJdorethyl 
cUoracetato CH^Cl CO2O2H4CI is formed, whilst 
(ff02 yields OH2CI CO2H. C2H4 combines with 
BFg" i’’ sunlight to form O2H3BF2 (Landolph, 
Ber. j 2, 1580), a liquid, bp. 124°-125°, sp gr 
1 0478 at 23°. Ethylene acts as a ciivalent 
radical, and forms salts with most of the acids. 

Ethylene acetates (Wurtz, Compt rend. 43, 
199 ; Atkinson, Phil. Mag [4] 10, 433). 

1 Ethylene monoacctale (y2H4((^2H302)0H, 

monoaeetic glycol ; b p. 190°-19() 5° (corr ) (Per- 
kin, Chem Soc Trans. 45, 505); sp gr. I-IIOS 
at 15°/15°, 1 1018 at 25°/25° (P.) ; produced by 
action of K(^2H3(J2 G2H4Br2 m presence 

of alcohol (Atkinson, 7c; cf. Scclig, D. R. P 
41507) A liquid not miscible with water ; yields 
glycol (32H4(0H)2 by heating with C2H4Br2 and 
alcohol (Demolo, Annalen, 177, 45) ; decomposed 
by heating with C2H3OCI into acetochlorhydrm 
and ethylene diacetato (Louren^o, ibid 1 14, 127) 

2 Ethylene diacetate C2H4(C2H302)2 ; b p 
180°-187°; spgr 1*128 at 0°; prepared from 
02H4Br2 or C2H4I2 and AgC2H3()2 (Wurtz, 
Ann Chim. Phys. [3] 55, 433), or from 02H4Bra 
and anhydrous KOgHgOg at 150°-200° (De- 
mole). 

A liquid soluble in 7 parts of water, isomeric 
with ethylidene diacetate CHg CH(C2H3()2)2 > ^ P 
108 8° ; sp gr. 1 061 at 12° ; prepared from 
aldehyde and (C2H30)2O. Dictdor ethylene di- 
acetate C2H2(:5l2(C2H302)2 ; b.p. 120° at 20 mm ; 
is produced by action of chloracetic acid upon 
CgHg (Prudhomme, Zeitsch. Chem. 1870, 397). 
Ethylene acetochlorhydrln 

ClCH/CHg-OCaHaO 

b p. 145° ; sp gr. 1 1783 at 0° ; by heating a 
mixture of glycol and acetic acid at 100° with 
H(J1 (Simpson, Annalen, 112, 147); from C2K4 


and CHgCl COgH (Schutzenberger and Lippman, 
I'^d. 138, 325); insoluble in water; yields 
ethylene oxide by action of KOH. 

EthyleneacetoiodohydrinICHa CH. 0 C.HgO, 

heavy oil ; and 

Ethylene acetobromohydrin 

BrCH2 CHg-O CgHgO 
b p. 1C1°-103° ; are prepared from 
C2H4(C2ir302)0H 

by action of HI and HBr respectively, the 
former m the cold m presence of (^‘2^14(^11)2 and 
(JH3 COgH (Simpson, Annalen, 113, 123), the 
latter at 100’ (Demolo, itnd 173, 120) 

Ethylene glycols. 

1 Ethyleneglycol CH.OH CHgOH , glycol, 
mp —17*4°, bp 197 37° (Ladenbiirg and 
Krugel, Ber 32, 1821); bp 197°- 197 5° at 
704 5 mm (Wurtz), 190°-199° (corr) (Perkin, 
Chem Soc Trans. 45, 504), 196° at 761 3 
mm (Pnbram and Handl, Monatsh 2, 673) ; 
sp.gr. 1 125 at 0° (W ), 1*1279 at 0° (P and H.), 
I 1168 at 15°/15°, 1 112 at 25°/25° (Perkin). 

Discovered by Wurtz (Compt lend 43, 199 ; 
Ann Chim Phys f3] 55, 400). Formed by 
action of ethylene diacetate upon KOH (W ) , 
from C2H4CII and moist silver oxide at 100°- 200° 
(Simpson, Annalen, Suppl (>, 253) ; by heating 
ethylene monacetate with Ba((3H)2 or with 
water in sealed tubes (Debus, Annalen, 110, 
316) ; by heating a strong aqueous solution of 
neurine, when glycol and N(CH3)3 are formed 
(Wurtz, ibid Suppl. 0, 200) ; by heating 
ethylene chloride or bromide with PbO and 
15-20 times its volume of water at 140°-170° 
(Eltekow, Ber. 6, 558) ; or with ferric oxide, or 
with an alkali formate and an alcohol under 
pressure ; from ethylene bromide and water 
at 140°- 150° (Nicdcnst, Annalen, 180, 393) , 
together with polyethylene glycol, by action of 
C2H4O (oxide of ethylene) upon water m scaled 
tubes (Wurtz, ibid. 113, 255) 

A mixture of glycols, in which ethylene 
glycol predominates, may be prepared by 
decomposing petroleum vapours m an iron tub(i 
heated at about 050°, converting the product 
into dichlorethano, &c,, purifying this com- 
pound by distillation and treating the distillates 
with alkali carbonates in a closed vessel (Hibbert, 
Met & Chem Eng. 1918, 19, 571) 

Preparation — 1 000 grams ethylene bromide, 
700 grams fused potassium acetate, and 1500 
grams alcohol (sp gr 0 83) are heated in a flask 
with reflux condenser until all action ceases , 
cooled, filtered from KBr and filtrate distilled , 
the portion distilled above 140° is decomposed 
by slight excess of Ba(OH)2 and heated for 12 
hours on water- bath The excess of baryta is 
removed by CO2, the liquid evaporated to ono- 
third its volume, the residue treated with a 
mixture of alcohol and ether, the liquid re- 
moved from the crystals and distilled, first on 
water- bath, to separate alcohol and ether, and 
then over the flame ; the portion distilling 
above 186° is then redistilled (Erlenmeyer, 
Annalen, 192, 244). 

2. A mixture of 188 grams ethylene bromide, 
138 grams potassium carbonate and 1 litre of 
water [or 32 parts C2H4Br2, 26 parts KgCOg, 
350 parts HgO (Groschemtz, Bull Soc. chim. [ii ] 
31, 293)1, is heated with reflux condenser for 
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10 hours, IS then evaporated to small volume 
On water-bath, the liquid portion poured off th 
crystals of KBr, the latter are washed with 
absolute alcohol. The filtrate and alcoholic 
washings are then distilled as in previous method; 
a loss owing to formation of O^HaBr is experi- 
enced by this process (Zeller and Hu finer, J 
pr. Chera [2] 11, 220) Haworth and Perkin 
(Ohem. Soc Trans. 1890, 175) obtained a fiO p c 
yield by digesting 138 grams KgCOa ^ 1000 c c. 
HgO with 188 grams C2H4Br,“ under a reflux 
condenser. The solution is evaporated very 
slowly to a syrup, and then extracted with a 
mixture of alcohol and ether. 

3 1 part of ethylene bromide and 20 parts 
water are heated to 100® in a sealed vessel for 
130 hours. This method gives a yield of over 
00 p c. of the theoretical amount (Niedcnst, 
Annalcn, 190, 354) 

4. (fly col di acetate is decomposed with 
powdered ()a(OH)2, and the mixture distilled 
under reduced pressure. The yield of glycol is 
93 p.c. of theory (Henry, Roc. trav. chim. 18, 
221 ). 

5 It may also bo prepared by heating 
etWleno (bacetato witli methyl alcohol and 
hyarochloric acid (Henry, Bull. Acad. Roy 
Belg. 1890, 732). 

0 1 mol of ethylene dichloride, 5 vols. of 
methyl alcohol and 3 mols. of sodium formate 
are heated together at 105°- 170° m an auto- 
clave for 7 hours After cooling, the methyl 
alcohol is separated and distillcil at ordinary 
pressure, the glycol under reduced pressure 
(Brooks and Humplirov, J. Ind. Eng Chem 
1017, 0, 750) 

Glycol IS a colourkvss, odourless, syrupy 
liquid with sweet taste, miscible with alcohol 
and water, but almost insoluble m ether 100 
parts ether dissolve 1 1 part of glycol (Knorr, 
Ber. 30, 912). It dissolves NaCl, Zn0l2, and 
many other chlorides ; also KgOOg, KOH, and 
Ca(OH),. 

By action of oxidising agents, e g. platinum 
black, it forms glycollic acid. Nitric acid 
converts it into glycollic acid, glyoxylic acid, 
and oxalic acid (Debus, Annalen, 110, 310) 
Heated witli solid KOH to 250®, glycol yields 
potassium oxalate and hydrogen (Wurt/.) 
Heated with large quantity of water at 200®-^210° 
yields aldehyde (Nevolo, Bull Soc. chim. fii J 25, 
289) ; ZnCl, at 250® decomposes glycol into 
aldehyde, crotonaldchyde, and water. By elec- 
trolysis of an acid (H28O,) solution of glycol, 
foimic acid, formaldehyde, (K),, traces of a 
sugar ami a non- volatile acid, not glycollic, arc 
formed (l^ob and Pulvermacher, Zeitsch. 
Elektrochem 1910, 16, 1) (chlorine forms 
a crystalhsable halogen compound, m.p. 39°, 
b p. 200° ; and an oily body, C«H,2()4, b.p. 240° 
(Mit.«choilich, if 1863, 486) H2()2 m presence 

of ferrous compounds yields glycollic aldehyde 
(Fenton and Jackson. Ohem. Moc. Trans 1899, 
75). Heated with aldehydes, glycol yields 
ethylene oxide denvatives, e,g glycol and <enan- 
thaldehydc, heated at 125°- 130° for some days 
yield ethylene mnanthylidene oxide 

b p 180° ; Similarly, valeraldehyde and propal- 
dehyde yield C.H, bp 142 °; 


and C3H5 bp. 105°-107“, 

respectively (Lochert, Bull. Soc. chim. [u.] 48, 
337, 716). With Na and EtI, yields glycol 
monoethyl ether, a liquid boiling under 748 
mm at i34 8°, and havmg a density of 0 93535 
at 15°/15° (Palomaa, Ber 42, 3873). 

Glycol IS converted into glycollic acid by the 
action of Bacterium accti, provided the acid be 
neutralised (c.g. by CaCOg) as fast as formed, 
otherwise after a short time the glycollic acid 
formed stops the further action (A. J. Brown. 
Chem. Soc Trans. 51, 638). NH4CI and glycol 
at 300°-400° form collidine CgHnN H(;i (Hof- 
mann, Ber. 17, 1905). Phosgene gas at ordinary 
temperatures converts glycol into glycol carbonate 
C0(()CH2)2 (with liberation of HOI), a stable 
compound, soluble in water, alcohol, and ether, 
and crystallising in colourless needles (Nomi- 
rowsky, J pr Ohem [2] 28, 439) Heated with 
strong formic acid for some time (Henninger, 
Ber 7, 263), or with oxalic acid (Lorin, Bull. 
80c chim. [11 ] 22, 104), gives glycol diformin 
02H4((^H20)2, bp. 174°; in the latter case 
formic acid is also produced With mineral 
acid or dehydrating agents yields acetaldehyde, 
ethylidone ethylene ether and chiefly dicthy- 

Icno ether OH^^^^ (Faworsky, 

fF Russ Phys. Ohem Soc 1906, 38, 741), 
By action of sodium on glycol, we get 
aodium cthylcnatc (y2H4(()H)ONa, a white crys- 
talline deliquescent body, which, on heating 
to 190° with more sodium yields disodium 
ethyhnato^ a deliquescent mass d'ho former, 
with OoHgBr in a sealed tube, yields ethylene, 
glycol, NaBr, and probably NaOHO^ (Wurtz). 

Do Ooninck (Bull Acad Roy Belg. 1905, 
360) distinguishes between glycol and glycerol 
as follows Uranyl sulphate is dissolvecf in a 
small quantity of water, excess of ethylene 
glycol added, the whole placed in a flask and 
exposed to sunlight In 2 hours the liquid is 
quite green, and in hours uranous sulphate 
IS precipitated With glycerol no such coloura- 
tion or precipitation takes place 

Glycol forms a number of cyclic esters and 
cyclic compounds analogoiLs to the metallic 
saccharates (Bischolf, Ber. 40, 2803 ; Grun and 
Bockisch, ihul 41, 3465). 

2. Diethylene glycol 

HO CH, CHg 0 CH2 CHg OH 

b p. 250°, sp gr. 1 132 at 0° ; V.D. = 3 78 at 
311° (calc. 3*67) (Louren^o, Ann. Chim. Phys. 
[3 1 67, 276), from ethylene oxide and water, 
or better, ethylene oxide and glycol at 100° 
(Wurtz) ; from glycol and ethylene bromide 
or biomhydrm at 11 5°- 120° (Loureni^o) ; by 
action of glycol monoacetate upon sodium 
glycol at 130°- 140° (Mohs, Zeitsch. Chem. 18()6, 
495). 

An oily liquid, soluble in water, alcohol, and 
other ; concentrated HI at 100° forms 0011412 ; 
oxidised by HNO3 to glycollic acid, oxalic acid, 
and diglycollic acid C4H4O5. The cUorhydnn 
C4H802Ci, bp. 180°~185° (L.), 190°-200° (W.), 
IS formed by loading HCl into ethylene oxide, or 
from ethylene oxide and ethylene chlorhydnn 
at 140° (Wurtz, Ann. Chim. Phys f3] 69, 338). 
1 molecule ethylene chlorhydrin and 2 molecules 
glycol are heated at 140° saturated with HCl 
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and again heated at (Lourcnyo, ihid. [3] 67, 
290) ; a liquid 8oluble in water. 

The hrmnhjdnn, b p. 205^, is prepared from 
glycol and etliyleno biomide at 100'^ (L ) 

3. Tri-ethylene glycol 

C,H4(0H) 0 C!,H4 0 (1,H40H 

b p 290° , sp gr 1*138 ; a liquid miscible with 
alcohol and water, and oxidised by HNO^ to 
(Iiqlycol-ethylcnic acid CgllioOo (Louicn(,o, 
Wutrz). 

The cldorhyduii ^ P 222°-232° ; 

IS a liquid soluble in water (L ) 

The hromhqdnn OflHjaOaBr; bp, (with de- 
composition) 250° (L ) 

4 Tetra-ethylene glycol CsttisOr, ; b p. 230° , 
at 25 mm { L. ; W ) 

The chlorivjdnn 0„Hi7()4CI , b p. 262°~272° , 
IS soluble m water (L ) 

5. Penta- ethylene glycol bp 

281° at 25 mm. ; a viscid liquid soluble in water, 
alcohol, and ether (L ). 

6 Hexa-ethylene glycol OjJI.flO 7, bp 325° 
at 25 mm ; a very viscid lapiid (L ). 

Ethylene bromide C^H4Br^ or CILBr OH^Br , 
mp 9 975° (Moles, Anal Fls Quim 1912, 10, 
131), 10 0.2° (Biron, Zeitsch physikal (!hem 
1913, 81, 590) , b p 131 6° (R ), *129 5° at 745 
mm (Anschutz, Annalen, 221, 137), 130 39° 
(corr.) (Thorpe and Rodger); sj) gr 2 1804 at 
20° (Biron, Ic), 2 2132 at 074°, 2 1901 at 
10 9°/4° (Thorpe Chem Soe Trans 37, 177); 
by action of O2H4 and Br (Balard, Ann Ohim 
Phys. f2j 32, 375); formed together with 
cthyhdene bromide (^HjCHBr^ by heating 
C2H6Br with Br to 180° (Tawildarow, Annalen, 
176, 14) From Br, and iron wire at 

100° (V. Meyer and Pcticnkb, Ber 25, 3307) , 
also from C^H^Br, Br, and AlBrg at 65°-70° 
(Mouneyrat, Bull. iSoe ehirn. fiii ] 19, 497) 

Preparation , — 1 Ethylene, puiihed by passing 
through H2SO4 and NaOli solution, is led into 
bromine covered with water, contained m a wide 
tube, until the colour of the Br drsappears ; the 

E roduct IS washed with NaOH and water, dried 
y CaClj and distilled (Erlcnineycr and Bunte, 
Annalen, 168, 64 ; Erlenmeyer, ibid 192, 244 ; 
Pridcaux, Chem Nows, 1916, 113, 277) 2 By 

heating together at 150° in glacial acetic acid 
glycol diacetate and HBr, a (juantitative yield 
of C2t[4Br_, IS obtained (Perkin and Simonsen, 
Chem. Soc. Trans. 1905, 850). 

Is a colourless mobile liquid with a pleasant 
smell and sweet taste ; V l5 6*485 (Rcgnault). 
When heated with water to I50°-160°, it yields, 
first glycol, and, on longer heating, HBr and 
aldehyde (Carius, Annalen, 131, 173) Zn acts 
upon an alcoholic solution of C2H4Br2 with 
formation of C2H4 and ZnBr^ (Clads tone, Ber. 
7, 364) , by heating with K1 and water, ethane 
LS produced. Alcoholic KOH yields (l^HaBr, 
and in excess CjH,. Heated with AlBrg at 
100°-1J0°, yields C]H, and ; with 

Cl and AICI3, yields CoClg (Mouneyrat) 

Aqueous KOH produces, after long contact, 
C2H,Br (Stempnevsky, Annalen, 192, 240) By 
heating with strong NaOH and KOH solution, 

e col and OgHaBr are produced. If C2H4Br2 
heated with excess of H2O and PbO to 220°^ 
aldehyde is formed (duo to decomposition of 
C2H4(0H).2, first formed, into C2H4O and HjO) 
(Eltokow, Ber. 6, 558, and Novole, ibid 9, 447) 


Heated with stiong HI solution, yields C2H4I2 
(8ororkin, Zeitsch. Ciicm 1870, 519) Heated 
witli Ag20 and water, ald(‘hydo is produced, 
and when heated with Ag^COg and watei, Yields 
glycol (Beilstein and Wiegand, Bei 15, 1368). 
Tit'ated with Ag2804 and benztme, yields 
dibromcthyl sulphate ((\H4Br)2S()4 ; with 
Ag,S()4 and water, biomcthyl sulphuiic acid 
(C.H4Br)ILS()4 (B and W ) 

Bromethylene bromide CH ,Br CHBr, , b p. 
186 5° (Wuitz, Annalen, 104,“ 243), 18“7°-188° 
at 721 mm (Denzel, ibid, 195, 202), 191° 
('Pawildaiow, ib/d 17(>, 22), 73° at 115 mm , 
83° at 18 mm , 187°- 188° at 751 5 mm (Anschutz, 
ibid 221, 138), sp gr 2 624 at 16° (T ), 

2 620 at 23° (W ), 2 6189 at 17 5°/4°, 2 6107 
at 21 574° (A ). 

Piepared from monobromethylene and Br 
(Wuitz) , fiom (’2^^ d (Simpson, d 1857, 

461) , fiom (^2H3 Bi .ind Br at 170° (Hofmann, J 
1860, 364) , or fiom (^2H4Bi2 and Br at 200° 
('Pawildarow) , decomposed by lvC2H3()2 at 150°, 
or by H2O and PbO into dibiomcthylene and 
HBr C2H,3Na() yields ethylidcne dibromide 
(Cray, Chem Soc Ihans 1897, 1024) Akoholic 
KOH gives C^HjBr^, C^IR, and bi omac ety l«io 
C^HBr When fu'atcd with excess of absolute 
alcohol, C^HgBr and probably ('^H^BiO bioni- 
aldchyde, aie foimed (Olockner, Annalen, Suppl. 

7, 110) 

The isomeric body ()ll,(!Brj is not known. 
Dibromethylene dibromide Two 

isomerides are known 

1 Aceiiflidine tetrabioviide ; OH^BrCOlr, 
boils with dccomiiosition at 200°; b ]) 103 5° 
at 13 5 mm ; spgi. 2 9292 at 17 5°/4°, 
2 9216 at 21 5°/4° (Ansehut/, Annalen, 221, 140) 
Foimed from as-dibromethylene CH^ CBr^ and 
bromine (Lennox, ibid 122, 124; Chem Soe 
Trans 1862, 206 , Reboul, Annalen, 124, 270) 
From CLHrJ^r and Br at 180° a compound 
C2H2B14 IS produced, which boils with decom- 
position at 208°~211° ('rawildarow) By heating 
a mixture of pyrotaitaiic acid and biomino 
with water at 150° (Bourgoin, Ann Chim. 
Phys, [5] 12, 427) 

2 Acetylene telrabiomide CiIBr2(dlBi o , 
b p 137°- 137 2° at 36 mm , 114° at 12 inin , at 
15 mm 124°- 126°, at 54 mm 151°, sp gr. 
2 9710 at 17*5°/4°, 2 9629 at 21 574° (Anschutz, 
Ber. 12, 2974, and Annalen, 221, 139) ; decom- 
poses at 190° into HBr, Br, and CLHBrg 

By leading C2H2 into bromine coveied with 
water (Reboul, Annalen, 124, 269 , Berthelot, 
Bull 80c chim [11 ] 5, 97) ; the irude 
IS tlien reduced by means of alcohol and Zn dust 
to (LH2Br2, when the admixed 
converted into C2H3Br , the CLHjBr, is then 
purified by distillation and treated with bromine 
(Anschutz, Annalen, 221, 139) , by action of 
Br and AlBrg at 105°-110° upon 02H4Br.2 
(Mouneyrat, Bull 8oe ehim [111 ] 19, 498) 
A liquid smelling of camphor and chloroform , 
decomposed by heating or by action of Na , by 
heating with alcoholic KOH, C2H2 and CaHBr 
are produced 01 produces 02(d4Br2 (Bourgoin, 
Bull 80c eliiin [11 ] 23, 4) ; when heated with 
Br and water to 180°, yu'lds 02^^4 C2Brg 
(Anschutz) ; with C ^Hfl and AICI3, produces 
anthracene ; heated with amlme, mine thy 1- 
amlino, or alcoholic NHg, yields CHBr . CBrg. 
Pentabromethane CHBr.2 CBv^ , m.p. 56°-57° 
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(Bourgoin), 54® (Denzel, Ber 12, 2208), 48®-50® 
(Reboul) ; boils with decomposition at 210° (at 
300 mm.) (Denzel). Erom Oj,HBrj (Elbs and 
Newmann, J. pr. Chom [2] 58, 254 ; Lennox, 
Annalen, 122, 125) or CgHBr (Reboul, ihid. 124, 
268) and bromine By slow oxidation (by 
exposure to air) of OjjHBrg (Demole, Bull. Soc 
chim. [li ] 34, 204) ; fiom C2H2Br4 and Br at 165° 
(Bourgoin, ibid. 23, 173). Forms jinsmatic 
needles soluble in alcohol and ether. 

Perbromethane CaBr^v Carbon trt bromide. 
Ethylene bromoiodide ; mp 28°; bp 163°; 
sp gr 2 516 at 29°. From CgH^Br and cone HI 
at 100° (Reboul, Annalen, 155, 213) From 
C2H4 and IBr (Simpson, J 1874, 326) Needles, 
with alcoholic KOH yields, in the cold, C2H3I 
and IlBr, and on warming HBr, HI, and (^2H2* 
Forms iodoform with alcoholic CliaCOOK at 
100 °. 

Ethylene bromhydrin 02H4Br 0H, Olycol 
hromhifdnn , b p. 150°- 152°, at 18 mm 63°-64° 
(Henry, J. 1889, 1321), 155° (Lourcnc^'o, Ann 
Chim Rhys [3] 67, 287) ; sp gr 1 -66 at 8° (H ) ; 
Hp gr 1 7195 at 18 6° (H.) IVom glycol aiul 
(>2H4Br2 at 115°- 120° (Louren^o) ; from glycol 
ai^ HBr at 100°, and fiom CH2r CH2OH and 
bromine (Henry) ; also from 3 mols. glycol 
and 1 mol PBr^ (Domole, Ber 9, 48), from 
(‘thyleno and HBiO (60 p c.) (Mokicwsky, J 
Russ Phys. Chem Soc 30, 900) ; with zinc- 
dust and alcohol is reduced to C2H4 , together 
with ethylene dibromide by the action of 
ethylene on bromine water (Read and Williams, 
Chom. Soc Trans. 1917, 111, 240) 

Ethylene dichloride, EUiyl cJilondc, Dutch 
liquid CH2CICH2CI ; bp 84 9° (Pierre, J 1847- 
48, 63), 83 5° (corr ) ('rhorpe, Chem Soc. Trans 
37, 182), 84 6°-85° at 750*9 mm (Bruhl, 
Annalen, 203, 10), 83 3° at 749 mni (R Schiff, 
ibid. 220, 06), 84 1° at 760 mm (Stxdel, Ber. 
15, 2503); sp gr, 1 2808 at 0°/4° (Thorpe), 
1 2803 at 0° (Pierre), 1 2562 at 20° (Haagen, 
Bull Soc. chim. 11 10, 355), 1 2656 at 9 8°/4°, 
1 1576 at 83 374° (R SchilT), 1 2006 at 14 4°, 
1*204 at 62 5° (Landolt and John) , b p 83 93° 
(corr ) (Thorpe and Rodger) refractive index ; 
at ^° — 1 441466— 0 000446^, mol refract 

= 34 06 (Kanonnikow) ; capill constant at 
bp — 4 198 (R. Schiff, Annalen, 223, 72) 
By action of C2H4 upon C3 (Deinian, 'I’rootswyk, 
Bondt, and Lauwerenburgh, Crell’s Ann 1795, 
2, 200) , by leading C2H4 into SbCl^ or into 
molten CuCl, ( Wohler, “Pogg Ann. 13, 297), 
from C2lIj,Cl“and SbClg at 100° (V Meyer and 
Muller, J pr Chom [11 j 40, 173) ; also by action 
of glycol upon PCI 3 (Wiiitz) or upon HCl at 100° 
(Schorlemmer, CheniMSoc Trans. 1881, 1); from 
ethylene diammo and NOCl m carefully cooled 
w-xyleno solution (Solonma, J Russ Phys 
Chem. Soc 30, 606) Prepared best accord- 
ing to Limpricht’s method (Annalen, 94, 245) 
Ethylene is passed into a gently heated mixture 
of 2 parts manganese dioxide, 3 parts common 
salt, 4 parts water, and 5 parts sulphuric acid, 
and when the mass turns yellow it is distilled 
It can be prepared m good yield from ethylene 
and chlorine if the temperature is kept at 0° ; 
at higher temperatures considerable quantities 
of tnchloroethane are formed It forms an 
oily liquid, insoluble in water When heated 
with alcoholic KOH, it yields KCl and C^HjCl, 
and with K it forms H, KCl, and C2H3CI 


(Liebig, Annalen, 14, 37)» Heated with AICI3 
to 80°-85° is decomposed into HCl and CgHg 
(Mounevrat, Bull. Soc. chim. [iii,] 19, 446). With 
NH3 R forms bases, N2H4C2H4, N2H2(CaH4)2, 
&c. With ethylamme, it yields coUtdine {in- 
methylpyndiiie C5H,(CH3)3N), C2H3CI, and also 
NH3 and N(C2H5)3 (Hofmann, Ber 17, 1907) 

Chlorethylene CHg ; CHCl, Vinyl chloride ; 
at ordinary temp a gas ; bp —18° to —15° ; 
by action of alcoholic KOH upon ethylene 
ciilorido (Regnault, Annalen, 14, 28), or ethyli- 
dene chloride (Wurtz and Frapolli, ibid. 108, 
224). To prepare it the ethylere dichloride and 
alcoholic potash are left in contact for 3 or 4 
days in the cold, and the mixture is then warmed 
Combines with (U to form C2H3CI3 Poly- 
merisas m sunlight, and forms a solid insoluble 
mass of sp gr. 1 406 (Baumann, Annalen, 163, 
317) 

Dichlorethylene OgH^Clg. 

1. Dichlorethylene CHg . CClg ; bp 33 5°- 
35° (Jocitsch and Faworsky) ; b p 37° (Kramer, 
Ber 3, 261), sp gr 1 250 at 15°, obtained by 
action of alcoholic KOH upon (dl^Cl CHCl^ 
(Regnault, J pr Chem (u ] 18, 80) Also by 
action of Zn shavings m alcoholic solution upon 
the trichlorethyl ester of acetic aciu (Jocitsch 
and Fawomky, J Russ Phys Chem Soc 30, 
998) Polyineiises easily into a solid amorphous 
insoluble body 

2 Syni' Dichlorethylene {Acetylene dichlonde) 
CHCl . CHCl , b p 55° , by distillation of the 
compound of C^Hg with BbCI^ (Berthelot and 
Jungfloisch, Annalen, JSuppl. 7, 253) ; also by 
action of Zn upon an alcoholic solution of 
CHClBr CHClBr, or bv leading into 

aqueous solution of ICl (Sabanejeff, Annalen, 
216, 262) 

Trichlorethylene CHCl CCl^ ; bp 87 4°- 
87 55° ; sp gr. 1 4904 at 4°/4°, 1 4598 at 
25 5°/25*5° (Veley, Proc Roy Soc. 1910, B 
82, 217), 85*8°-86 0°/741 6 mm , m.p -83°, 
d 4^ 1*4649; DJ,^ 1 4695 (Erdmann, J pr. Chem. 
1912, 11 85, 78) From isomeric compounds 
C2H2CI4, and alcoliolic KOH (Berthelot and 
Jungfleisch) , also by action of nascent H (Zn 
and H2 vS 04) upon C0CI3 (Fischer, J. 1864, 481) : 
from anhydrous chloral and PoBs at 160°-170° 
(Patornb and Oglialoio, Ber 7, 81) ; combines 
with Cl to form C^HClrj By action of ammonia 
in aqueous solution on tctiachlorocthano (Comp, 
prod, chern d’Alais; Eng. Pat , 132755) 

For observations on its autoxidation, see 
Erdmann {I c) 

Tetra-chlorethylene C2CI4 v Carbon dichlor- 
idcj ait Carbon Cf Wciscr and Wightman, J. 
Phys Chem. 1919, 23, 415. 

Hexachlorethane CoClg v Carbon tnchlor’ 
ide, ait Carbon. 

Ethylene chlorhydrin HO (Tig CHgf l Chlor- 
ethyl alcohol. Glycol chlorhydrin; bp. 128° 
(Wurtz, Annalen, 110, 125), 132°, 5F-52° at 
22 mm. ; sp gr. 1 2005 at 18 6° (Henry, J. 
1889, 1321), 1 24 at 8°. From glycol and 
HCl (gas) at 100° (W.) If excess of HCl be 
used, C2H4CI2 is produced (Schorlemmer, Chem. 
Soc. Trans. 39, 143) ; from glycol and CI2S2 
(Carius, Annalen, 124, 257) ; from C2H4 and 
ClOH (Canus, ibid. 126, 197 ; Butlerow, ibid. 
144, 40) Dry HCl is led into glycol kept at 
U8°; the 02‘H4C1(OH) distils off (Ladenburg, 
Ber. 16, 1408) A liquid miscible vuth water ; 
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yields alcohol with Na amalgam and H^O 
(Lourengo, Annalen, 120, 92). Oxidised by 
CrOj to chloracetic acid (Knwaxm, Zeitsch. 
Chem. 1871, 266) ; with KOH, yields ethylene 
oxide Cf Gomberg, J. Amer Chem. Soc. 1919, 
41, 1414. 

Ethylene chlorohromide CH/1 CH^Br ; b j) 
107°-1()8° (Lescoeur, Bull Soc. chim [n ] 29, 484), 
spgr. 179 at 0° (L ), 1 705 at 11 ° (Mont- 
colner and Giraiid, tbid 33, 12), 1 689 at 19°. 
By action of Br upon CHaCl Cllgl (Henry, 
Annalen, 156, 14) ; from (J^H 4 Br 2 and SbCls 
(Lossnei, J. pr. Chem. [2] 13, 421) or C 2 H 4 Br 2 
and HgClg at 150°-180° (M and G.) ; by action 
of Br upon CaH 4 Cl(OH) at 130° (Deinole, Bcr 9, 
556). To prepare it, hrst chlorine and then 
ethylene is passed into Br, kept under a mixture 
of equal vols of strong HCl and watei (James, 
J pr. Chem [2] 26, 380, also Sinqison, Bioc 
Roy Soc 27, 118), decomposed by alcoholic 
KOH, with formation of C 2 H 3 CI 

Ethylene chloroiodide CHaCl (JH J ; m.p. 
— 15 6 ° (Schneider, Zeitsch physikal Chem 19, 
157), bp. 140° (Sorokin, Zeitsch Chem 1870, 
619), 140 1° (corr ) (Thorpe, Chem Soc Trans 
3i, 189), 137°-138° (Meyer and Wurster, Ber. 6 , 
964) ; s- gr 2 151 at 0 ° (S ), 2 16439 at 0°, 
2-13363 ‘at 15-3°/0° (T ) From CliaCHJ 
and ICl ; from C 2 H 4 and an aqueous solution 
of ICl (Simpson, Proc Roy, Soc 12, 278) 
Decomposed by alcoholic KOH and HI and 
C 2 H 3 CI ; nascent H yields HCl, HI, and C 2 H 4 , 
moist AgaG at 160° produces glycol (Simpson) 
Finely divided silver at 160° yields C 2 H 4 and 
CjHCl CHgCl (Friedel and Silva, Bull Soc. 
chim. [ 11.1 17, 242) Heated with HI solution, 
yields C 2 H 4 and C 2 H 4 I 2 (Sorokin) 

Ethylene cyanhydrin HO CHa CH .ON ; b p 
220°-222° at 723*6 mm ; sp gr 1 0588 at 0°. 
By long digestion of C 2 H 4 O (ethylene oxide) 
with anhydrous HCN at 50°-60° (Eileiimeyei, 
Annalen, 191, 273); miscible with alcohol and 
water ; 100 parts ether dissolve 2 3 paits 

(' 2 H 4 ( 0 H)CN at 15°; insoluble in CS^. Foims 
a chloride with PCI5, which boils at 174°- 
176° under 752 mm, and has spgr 1 443 at 
18 5° (Henry, Bull Acad. Roy Belg. 111 . 35, 
360) 

Ethylene cyanide C 2 H 4 (CN) 2 , ^uccinomtnle ; 
m*p. 54 5° (Nevolo and Tscherniak, Bull Soc. 
chim. 111 .] 30, 101), 5r-52° (Henry, ihid. 43, 
618); bp 158°-160° at 20 mm (Pinner, Ber 
16, 360), 265°-267° (H ) ; sp gr 1 023 at 45° 
By heating on a water-bath CdloBr CHaBr with 
KCN and alcohol (sp gr. 0 84) (Simpson, Proc. 
Roy. Soc. 10, 574) , the liquid is filtered from 
the KBr, and distilled, when the alcohol is fii-st 
removed , then the distillation is conducted 
under diminished pressure ; also is pioduced by 
electrolysis of potassium cyanacetate (Mooio, 
Ber. 4, 520) ; is a white amorphous mass soluble 
in water, chloroform, and alcohol ; slightly in 
carbon disulplude and ether ; decomposed when 
distilled at ordinary pressure Decomposed by 
heating with KOH or HCl into NH 3 and 
succmic acid; with AgNOg forms plates of 
CaH 4 (CN) 2 , 4 AgN 03 , which is soluble in water 
and alcohol, and explodes when heated (Simpson). 

Ethylene diamine NH,*CaH 4 NHa ; m.p. 8 5° 
(Kraut, Annalen, 212, 251); b.p, 116*6°; 
f^.gr. 0*902 at 15° (Kraut). By heating 
CaH 4 Cl 2 or C 2 H 4 Rr 2 with alcoholic NH 3 to 


100° (Cloez, J. 1853, 468) ; by distillation of 
ijS-diammopropiomc acid (Neuberg and Nei- 
mann, Zeitsch. physikal Chem 45, 1 10) , by 
treatment of C 2 H 4 (CN )2 with 8 n and HCl 
(Fairley, Annalen, Suppl 3, 372). 42 grams 
of CHaClCHgCl and 510 cc aqueous NHj 
are heated for 5 hours to 116°-120° in a sealed 
tube; the product is then evaporated until it 
begins to crystallise, and is then precipitated 
with 3 times its volume of absolute alcohol , 
the precipitated C 2 H 4 (NH 2 ) 2 , 2 HC 1 is then 
washed with alcohol and the base set fieo by 
distillation with powdered NaOH (Kraut, I c. , 
also Hofmann, Ber 4, ()() 6 ) Tlie by-pioduct 
from the manufacture of chloial, (.onsistmg of 
CH^Cl CHgCl, CHg CHCI 2 , &c , can be used. A 
thick oily liquid, with faint ammonia(-al smell, 
soluble in water, not miscible with ether or 
benzene , the aqueous lupiid, which contains 
C 2 H 4 (NH 2 )i»Hitb e.innot be fieed fiom water by 
BaO, but only by distillation over JSIa Caro’s 
acid oxidises it to glvoxinic (Bambeiger and Selig- 
man, Bcr 36, 3831) With HCIO and HBiO, 
yields tetrachloio and t(‘tiabiomo derivatives, 
e (/ Bi^N C 2 H 4 NBr, (Chattaway, Chem Soc 
Trans 1905, 381) Decomposed by HNO^ into 
ethylene oxide and oxalic acid (Jfofmannf J 
1859, 386) , IS a strong base and foims salts , 
combines with CS^ to form crystals of 

G2H4(NH2)2 C 82 

soluble m watci, insoluble in alcohol and ether 
C 2 D 4 (NH 2 ) 2 » 2 H( 'J, long silvery needles insoluble 
in aholiof ‘ (\H 4 (NlJ 2 ) 2 HCl,PtCl 4 , yellow leaf- 
lets, slightly soluble in water (Gieiss and Martius, 
Annalen, 120, 327) ; C 2 H 4 (NH 2 ) 2 (H(^NS) 2 , largo 
prisms, very soluble m water, 111 p 146° 
(Hofmann, Ber 5, 245) Forms many com- 
pounds with metallic salts and a period 1 do 
C 2 H 4 (NH ,)HI 14 , winch melts at 218”. 

Diethylene diamine, Piperazine 

or 

m p 104° (Berthelot) , b.p 170° (Hofmann, J. 
1858, 343), 145°-14b° (Beithelot), 140° 

(Rosdalsky) From ethylene c blonde and 
alcoholic NH 3 (Cloez , Hofmann, Katanson, 
Annalen, 98, 291), fiom sodium ethylene 
glycollate and acid derivatives of ethylene 
diamine by heating at 250°-350° (D R 1* 
67811), by heating the sodium compound of 
5 ym-diacyl ethylene diamine with anhydrous 
glycol or ethylene bromide at 200° (D. R. F. 
73354) ; by reduction of ethylene oxamide 
with zme-dust and KOH (D. R. B. 66401) (For 
other methods of preparation, see D R. B 
70065, 70056, 73125, 74028, 79121, 98031, 
100232 ) 

Forms a hydrate C 4 Ht„N 2 , 6 H 20 , m p 44° 
(Berthelot) Biperazme ls not changed by 
heating with HCl or H 2 SO 4 at 200°. With 
caibonyl chloiido it forms tncarbonyl piperazine 
It forms a penodido C 4 H 10 N 2 2HI I 4 , 3 H 20 , 
m.p 283° The anhydrous periodide melts 
at 280° (Herz, Ber. 30, 1685). Piperazine 
reacts with 2 molecules HBiO to form an additive 
j compound, which, on treatment with dilute 
I alkah or piperazine solution, yields w-dibromq- 
j piperazine. This latter can form an additive 
compound with 2 molecules of HBrO (Chattaway, 
I Chem. Boc. Trans. 1905, 951). Biperazme reacts 
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with an excens of EtI at tcniporatuie of watei- 
bath to form tnothyl pipcra/onium iodide ^ 
ni p 240°, Colourless needles, msolublo in cold 
water, li^^roin, C2CI3, ( oH®, and CS^ ; soluble in 
waiin alcohol (Van Kijn, Chern Zenti 1898, 
1, 727) {v Piperazme) 

4;//w-Diethylene diethyldiamine 

(C,H4)2(NH-0,H,)2,H,0 
b p 105° (Schmidt and Wichmann, Ber 
24, 3247); from (02HJ.(NH2), and CMrJ, 
or from C2H4Hr2 and Nil2C2H5 (Hofmann, J 
1859, 389) ; from pipora/une and an excels of 
KEtSOj in aqueous solution (Van Rijn, Chern 
Zentr 1898, 1 727) It combines with salts of 
Cd, (5r, Zn, and Ni 

Uus -Diethylene diethyldiamine 

mobile liquid ; b p 145° , sp gr. 0 827 at 18 5°/ 
18 5° ; fiom bromethylphthalmudo and dicth^l- 
amme with subsecpient hydrolysis, yields a 
^ilatinocMoridpf m p 230° ; an aurochloridcy m p 
161°- 163° , and a pictatc, m p 211° (Ristenpart, 
Bor 1896, 29. 2526) 

Triethylene diamine (CbHJjN^ ; bp 210°; 

soluble in water (Hofmann, J 1858, 343; 
Harries, Annalcn, 294, 350) 

Diethylene triamine 


NH2<bH4NH<Ml4*NH2 
b p. (with slight decomposition) 208° ; formed 
with other products by action of NH-, upon 
C2H4Br2 ; the double salt with RtCl4 being less 
soluble than that of tncthylene tnamme, it can 
be so])aiatcd from that body (Hofmann, J 1861, 
514). 

A strongly alkaline liquid miscible with 
water and alcohol. Its salts are soluble m water, 
less «o in alcohol, 2f(C2H4)2N3H5,3HCl]3PtCl4 
forms j^olden-yellow needles. 

Triethylene triamine 


^-«‘<nSc:h:>nh 


b p. 216° (Hofmann, J 1861, 514) ; forms salts ; 
((C,H4)3H3N3,3HCl],PtCl4 , long golden-yellow 
needles moderately soluble in water; with 
hydrobromic acid gives (C,H4)3N3H3,3HBr from 
acid solutions ; from weaker acid solution 

(C2H4)3N3H3,2HBr 

Tetraethylene triamine (C3H4)4N3H3 ; by 
action of alcoholic NH3 upon C2H4Br2 (Hof- 
mann, Ber 3, 762) ; forma 3 scries of salts with 
1, 2, or 3 molecules of monobasic acid; the 
hydrobromides are araoiphous bodies, almost 
msolublo m water, alcohol, and ether. 
Triethylene tetramine 

Nil . 6^2114 NH-C2H4 NH C .H4 NH2 


m p. -b 12° , bp 266°-267° ; sp gr. 0 9817 at 15° ; 
a strongly alkaline syrup from C2H4CI2 and 
(/2H4(NH,)2, or from C2H4Br2 and alcoholic 
NH3 (Hofmann, J. 1861, 519) ; yields 

<^6Hi 8N4*4HC1 2PtCl4 


a yellow amorphous powder almost insoluble in 
water 

Ethylene diformin C2H4(CH02)^ ; b p 174° ; 
by heating glycol with pure formic acid (Hen- 
mger, Ber. 7, 263) ; also by heating oxahe acid 
,’vith glycol (Lorm, Bull. Soc. chim [ii.] 22, 104) 
Decomposed when heated at 200° in sealed tube 
into CO., CO, H2O, and C2H4. 


Ethylene ferrous chloride C2H4FeCl2,2H20 ; 
by heating EeCl^ and other to 150° (Kachler, 
Ber. 2, 510); forms prisms fairly soluble in 
water. The corresponding compound 
C,}i^yoBr,,2R,0 

IS jiri'pared by leading C^Hi into a strong 
aqueous solution of FeBr^ m sunlight (Cho]nacki, 
Zeitsch. Chem. 1870, 420); forms light-green 
dehquescent crystals 

Ethylene iodide CH^ICHJ; m p. 81°-82° 
(Aionstem and Kramps, Ber. 13, 489) ; sp gr. 
2 07 ; from C2H4 and I m sunlight (Faiaday, 
Gm. 4, 682), also in the shadt?, especially if 
warmed (Rcgnault, Annalen, 15, 67) ; a mixture 
of I and alcohol (absolute) is saturated with 
C2H4 with lepcated agitation (Scmcnow, J. 
1864, 483) 

Crystalhne plates or prisms decomposed by 
heating ; when warmed with alcohol to 70 , 
IC2H4 OC2H5 is produced , HgCl^ gives in the 
cold C2H4ICI, and on heating (LH4CI2 (Mau- 
mone, J. 1869, 345) ; alcoholic KOH converts 
it into C^Hal (Regnault, Annalcn, 15, 63). 

Ethylene iodohydrin CHgl CH^OH ; from 
(^2ll4(OH)2 and gaseous HI (Simpson, thid. llor, 
121) ; also by heating (bH4(OH)Cl with K1 
(Butlerow and Ossokin, ihid. 144, 42). 

An oil, bp. 85°/25 mm.; sp.gr. 2*1649 at. 
18 6° (Henry, Ber 24 Ref 75). 

Ethylene nitrate NO3CH2 CH^ NO3 ; bp. 
114°-116° with explosion (Demjanow, (3iem 
Zentr 1899, 1 1064) ; sp gr. 1 5099 at 4°, 1*4960 
at 15°, 1 4800 at 25° (PerKin). Is formed when 
glycol IS treated with HNO3 and H2SO4, also by 
interaction of C2H4 and N2O5 m the cold 
(Demjanow) ; an oily bquid which is inflam- 
mable, explodes on percussion, and is poisonous ; 
KOH converts it into alcohol (Henry, Ber. 3, 
529, also Champion, Compt. rend. 73, 571) 
On reduction yields CII3CHO, C,H4(NH2)2, and 
H3N CH2 CH2OH 

Ethylene nitrite 

C2H4(N0)2 or NO3 CH^CHyNO 
m.p below —15°; b p. 96*8° ; spgr 1*2156 at 
0° (Bertom) Is piepared by distillmg glycerol 
trimtnte with more than an equivalent amount 
of glycol Soluble in alcohol to form C2H5ONO 
(Bertom, Gazz. chim ital 15, 353) , insoluble m 
and slowly decomposed by water. 

Nitroethylene can be prepared m 50 p.c. 
yield by the dehydration of fi-mtrocthyl alcohol 
by phosphoric oxide or sociium hydrogen sul- 
phate ; an almost colourless mobile liquid, 
b.p. 98*5° ; D^^ ^ 1 073. Vajiour violently attacks 
the eyes and throat Readily undergoes 
polymerisation ; with alkali the change occurs 
with explosive violence. Combines with bromine 
m ethereal solution, yielding nitroethylene di- 
bromide, colourless liquid, b.p, 97°/21 mm. 
With aniline gives N-j8-nitroothyl aniline 
NHPh-CHa’CHa’NOg, colourless leaflets, m.p. 
37° (Wieland and Sakellarios, Ber. 1919, 52, B, 
898). 

Ethylene passed into an ice-cold mixture of 
nitric acid (D 1 4) and concentrated sulphuric 
acid contammg 20 p.c. of sulphur tnoxide 
yields on steam -distillation and fractionation 
under dimimshed pressure ethylene diinitrate^ 
colourless oil, b.p. 1()5 5°/19 mm. D^^ 1*433, and 
6-w iroeihyl mlraie^ colourless poisonous oil, b.p . 
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420-122717 mm. Di* 1 468. The latter is cun- 
verted by phosphono oxide into nitrocthylene 

P'N itroethyl alcohol is a colourless odouiless 
liquid, b p. 103711 5 mm. L13 3 1 300, miscible 
with water, alcohol, and ether obtained by the 
action of silver mtnte on ethylene lodohydim 
(Wieland and Sakollarios, Ber. 1920, [BJ 201. 

CH,. 

Ethylene oxide | >0, bi). 12 5"', spgr. 

CH/ 

0 8909 at 474“; 0 8824 at 10710° (Berkiii, 
Chem. Soc. Trans. 1893, 488). Eroni C2H4(OH)Cl 
and KOH (Wurtz, Amialen, 110, 125, Ann 
Chira. Phys [3J 69, 317) , also from C2H4(OH)Cl 
and (8chcitz, Zeitsch. Chem. 

1808, 379) , also from ('2H4T2 and AgoO at 150° , 
from C2H4Br2 and Ag^O at 250° , or from 
C2H4Br2 and Na^O at 180° (Greene, J. 1877, 
522) ; also by tieatment of C2H4Cl(0C2ll30) 
with KOH (Hemole, Aiinalen, 173, 125) ; by 
dropping chlorethyl<icctatc on to a cooled 
mixture of powdered KOH and sand (Roithner, 
Monatsh. 15, 666). 

A iileasant-smellmg liquid miscible with 
water ; when heated with water 111 a closed 
tube, yields glycol, and polyethylene glycol. 
Has str ng basic properties, although not an 
alkaline reaction. It combines with acids, and 
precipitates metallic hydroxides from solu- 
tions of Mg, Al, Fe, and Cu salts. With Na 
amalgam foinis CgHgO. Pt black oxidises it 
to glycollic acid ; PCI 5 produces CHgCl CHgCI 
(Wurtz, Ann. Chim. Phys. [3] 69, 317, and 355). 

Equal molecules of C2H4O and Br at 0° form 
C2H4(OH)Br, C2H4Br2 and other bodies (Demole, 
Ber 9, 47), but 2 molecules C2H4O and 1 
molecule Br, on standing, yield large red or 
small yellow prisms of (C2H40)2Br2 ; m.p 
65° ; b p with decomposition at 95° , they arc 
insoluble m water, but soluble in alcohol H2S 
or contact with Hg separates the Br and leaves 
dioxycthylcne (Wurtz, Ann Chim Phys [3] 69, 
321). By long contact with ZnC^ or KHO, a 
polymende which melts at 56° and is in- 
soluble m ether, is produced (Wurtz, Bull 
ISoc. chim. [11.] 29, 530). 

CHg-OCHa 

Dioxyethylene, Diethylcnc dioxide | | ; 

CH2 O CH2 

m p 9° , b p 102° , sp.gr. 1 0482 at 0°. From 
(02114)202 Brg, and Hg by contact at ordinary 
temperature. The mixture is then distilled, 
and distillate rectilied over KOH (Wurtz, 
Ann. Chim. Phys. [3] 69, 323) , has no marked 
basic properties, but ( ombmes slightly with 
acetic acid on heating to 120°. Louren9o 
yibid. [3] 67, 288) obtained it by heating 
^2114(011)2 and C2H4Br2 to 160°, but the 
product boiled at 95°. Forms an iodide with 
2 atoms of I, m p 84°, which is decomposed 
by water and air, but soluble m benzene ; also a 
sulphate and a picrato meltmg respectively at 
100° and 66°. It also forms a compound with 
HgCl2, soluble in, but slowly decomposed by, 
water (Faworsky, J. Russ. Phys. Chem. Soc. 
38, 741 ; Paterno and Spall mo, Atti. R. Arad 
Lincei, [v.] 16, 1. 87). 

Chlorethylene oxide C2H3CIO ; b.p. 70°-80°. 
By long contact of acetylene chloriodide 
CHCl : CHI with 40-50 vols. of water at 200°- 
220° (Sabanejeff, Annalen, 216, 268) ; difficultly 
soluble in water. 


Bromethylene oxide CJgHaBi O , b p 89°-92°. 
From biomoglycol bromhydim CHBijCHaOH 
and KOH (Demolo, Ber 9, 51) ; soluble m water. 

Ethylene phosphides i. Phosphorus, Organic 

COMPOUNDS OP. 

Ethyiene selenocyanate C2H4(8eCN)2; mp. 
128° (Proskauer), 138° (Hagelberg, Ber. 23, 
1092). From CHaBr CHgBr and alcoholic 
KCNSo (Proskauer, %hid 7, 1281) Colouilcss 
needles, insoluble in cold water or ether, 
difficultly soluble m hot watci or cold al- 
cohol , dissolves unchanged m strong HNO3, 
but on heating gives ethylene selenious acid 
C2H4(8e03H)2 With alcoholic alkah, yields 
ethylene diselenide (Hagelberg). 

Diethylene disulphide >' *”•?• 

1U"-U2‘' ; b I) 109“-200° ; V i) --I 28 (Huso- 
mann, Annalen, 126, 280). Fiom C2H4B12 
and K^S (Crafts, ibid. 121, 110; 128, 220); 
also by heating C2H4CSJ or C3H4y2Hg with 
C2H4Br2 at 150° (H ). 

Crystalhscs from alcohol m needles or leallets, 
from ether in thick prisms which aie volatile at 
ordinary temperatures, combines with Br and 
ccitain salts, but not with NH^ ; oxidised by 
HNOj to (C2H4)28202 The bromide 

(C2H4)282Br4 

IS a lemon-yellow amorphous body, m p 96°, 
very unstable, tlie iodide (0^2114)28214, m p. 
132°-133°, forms non-black monoclinic needles, 
insoluble m water The oxide (C2H4)28208 can 
also be obtained by dcconqiosition of the chloride 
or bromide ; with wah'r, foims crystals which 
decompose without fusion on heating, and are 
soluble in water, almost insoluble m alcohol. 
The peroxide (02114)28204, obtained by heating 
(C2H4)282 with fuming HNO3 to 150° (Crafts, 
Annalen, 125, 124), crystallises from strong 
HNO3 in small crystals which are msoluble m 
water. 

Eihylcne et/iylidene dibulphide is obtained by 
heating ethylene sulphide almost to dull redness 
in absence of air and in a current of hydrogen 
sulphide. After being shaken with aijucous 
alkah is obtained as an almost colourless liquid, 
bp 172-173° (O Matter, D R P 313650) 
Ethylene hydroxysulphide C2H4(OH)8H 
{Thioethylene glycol), from HOCH2CH2GI and 
alcoholic KHS , the KOI is filtered off and the 
filtrate acidified with dilute HCl and evaporated 
at 30°'-40° (Carius, Annalen, 124, 258). Is a 
heavy liquid, almost insoluble 111 water, soluble 
in alcohol , the salts are faiily soluble in alcohol ; 
the mercuiy compound Hg(C2H508)2 ciystallises 
from alcohol m needles. » 

Thiodiethylenc glycol (02^4011)28 is foimed 
when the above compound is heated, H28 being 
evolved. It is a crystalline solid ; m p. under 
60°, soluble m alcohol, msoluble m water, forms 
salts and double compounds with metallic salts. 

Ethylene mercaptan C2H4(HS)2 ; b.p. 146° ; 
spgr. 1*123 at 23 5°. From CHgCl CHgCl (or 
bromide, Werner, J. 1862, 424) and alcoholic 
KHS (Lowig and Weidmann, Annalen, 36, 
322) A colourless liquid, soluble m alcohol 
and alkalis, forms msoluble mereap tides with 
heavy metals ; Pb(C2H4)S2 yellow , Cu(C2H4)S2 
chreme green. Ethylene dimethyl sulphtdc 
CaH4(SCH3)2, b p. 183°, from C2H4Bra and 
CHaSNa (Ewerlof, Ber. 4, 716) Ethylene 
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diethyl sulphide CjH4(SC2H5)2, b.p. 210°~213® 
(E.) gives on oxidation first (C2H6SO)2C2H4, 
m.p. 170^^ ; and next (C2H5S02)2C2H4, m.p. 
136*5° (Beckmann, J. pr. Chem. [2] 17, 469). 
Ethylene thiocarbonates. 

1 . Ethylene dithiocarhonaie C2H4COS2, 
ethylene oxyihiocarbonate ; m p. 31° ; by action 
of HNO3 upon C2H4CS3 in the cold (Husemann, 
Annalen, 126, 269) ; forms long thin tables, 
insoluble in water, soluble m alcohol, ether, and 
chloroform. 

2 Ethylene irithiocarbonale C2H4CS3 J P 
39 5° (Husemann), 33 4° (Konowalow), 39° 
( Erase tti ) ; sp gr. 1*4768. Erom C2H4Br2 and 
NagCSg in presence of absolute alcohol (lluse* 
mann, Annalen, 123, 83) , by action of water 
upon AlBrj C2H4Br2 CSg (Konowalow) ; by 
action of alcoholic KO H upon ethylene xanthate 

C2H4(S CS*OEt)24 KOH 

-KS*CO OEt-f 

a theoretical yield ; it reacts with dil KOH thus : 

C2H40S3-f EtOH-l 3KOH 

-KS CO OEt-f CaH4S2K2+2H20 
(Frasotti, Ber. 38, 488). Forms golden-yellow, 
rhombic prisms , slowly soluble m alcohol, 
easily soluble m ethei, very soluble in C82, 
CHCI3, and C.He. 

jSB'-Dlchloroethyl sulphide (CH2C1CH2)2S, 
so-called ‘ mustard gas,’ was apparently obtained 
by Guthrie (Chem. 80c. Tiaiis 1860, 12, 116 , 
1861, 13, 35) and by A Niemann (Ann 1860, 
113, 288) by jiassing ethylene into cooled sulphur 
dichlonde ; 

•2CH2 . CH2+8Cl2-=(CH,Cl CH,)28 
The conditions for its formation by this reaction 
have been studied by Myers and Htephen (J 
80C Chem. Ind 1920, 39, 65, T), and by Gibson 
and Pope ((3iem. 8oc Tians 1920, 117, 272) 
May also be prepaied by converting ethylene 
into ethylene chloiohydrm, thence into thiodi- 
glycol by treatment with sodium sulphide, and 
thiodiglycol into jSjS'-dichloroethyl sulphide by 
the action of hydrogen chloride * 

(1) CH , . CH2+HC10~CH2C1CH2 OH 

(2) 2CH2ClCJl2*OH+Na.S 

=(H0CH2 CH,)o8-hNaCl 

(3) (lIO*CH/CIL)28-f-2HCl 

=(CH2C1CH2)2S+2H20 
(V. Meyer, Ber. 1886, 19, 3260, Claike, Chem. 
80C Tians. 1912, 101, 1583). For the con- 
version of ethylene chloiohydrm into dichloro- 
ethyl suljdiide, see Goniberg, J Airier. Chem 
80c. 1919, 41, 1414. 

jSjS'-Dichloroethyl sulphide is more readily 
procured by the action of ethylene on suljihur 
monochloride at about 60° 

2 CH 2 : CH2+«2Cl2-(CH2Cl*CH2)2S+S 

The product has either the constitution 
(C H2CI CH2)2S . 8 

or IS a colloidal solution of 8 in (C2H4C1)2S. 
According to Gibson and Pope, Guthrie’s com- 
pound IS a disulphide of the constitution 
CH/fi CH2 8 S CH2 CH2OI 
CGuthrie, Ic ; Gibson and Pope, lx., cf. J- 
Soc Chem Ind 1919, 38, 348, T, et seq.). 

The conditions for its preparation on a 


[ techmeal scale by this reaction were worked out* 
by A. G. Green. 

A continuous vacuum still for its manu- 
facture is desenbed by 8treeter (J. Ind. Eng. 
Chem 1919, 11, 292) 

jSjS'-Dichloroethyl sulphide, when pure, boils 
at 120°/34 mm , 1 22‘'5°/37 mm.,and 217°/760 mm. 
and readily solidifies in cold weather, forming 
long, colourless needles or prisms, which melt 
at 13 5° to a liquid of sp gr. 15°/4°= 1*285. 
It is almost insoluble in water, and is readily 
hydrolysed by boding with an alcoholic solution 
01 soda For other physical properties, see 
Gibson and Pope ; for a number of synthetic 
reactions, see Davies (Chem. 8oc. Trans. 1920, 
117, 297). It causes intense inflammation and 
suppuration when in contact with the skin or 
when breathed First used on account of its 
physiological and toxic action as an offensive 
agent by the Gormans duiing an attack on 
^res in June, 1917 

For a method of quantitative estimation of 
the substance m air, see J. Amer. Chem. 8oc. 
1920, 42, 266. 

The existence of the so-called chloroethylenp 
dithtodichloride (C2H3Cl)2S2Cl2 (?), said to bo 
obtained by the action of C2H4 upon boiling 
82CI3, and described as a light yellow liquid 
with a pleasant smell, is doubtful. 

On treating jSjS'-dichloroethyl sulphide with 
concentrated nitric acid it is converted into 
PP'-dichloroelhyl sulphoxide (CH^Cl CH2)280, 
colourless plates, m.p. 51°, and afterwards the 
sulphono (CH^Cl CH>)3S02, m p. 110° (8pica, 
Gazz. chim. ital 1919, 4?), 11. 299) Treated 
with bromine the dichloroethyl sulphide yields 
(CH^Cl CH2)2S,2Br9, an orange-coloured sub- 
stance which rapidly loses bromine, and is con- 
verted into a bright-yellow solid 
(CH3CPCH2)3S,Br3 
m.p 43°~44° (Gibson and Pope) 

Ethylenethiocyanate C2H4(SCN)a j m p. 90°. 
From CH2(ff*CH2Cl and alcoholic KCN8 (Son- 
nenschem, J. 1855, 609 , Buff, Annalen, 100, 
229) ; CHaBi'CHgBr may be used with advantage 
(Glutz, ibid. 153, 313) ; forms rhombic plates 
slightly soluble m cold water, more so m hot, 
and m alcohol, decomposed by heat, volatile 
m steam ; its vapour excites tears. 

Ethylidene acetamide ; 

m XI. 169° ; formed by acting on acetamide with 
aldehyde ; forms large prisms decomposed by 
acids (Tawildarow, Ber. 5, 477). 

Ethylidene acetate CH 8 *CH(C 2 H 302)2 ; o.p. 
169° ; sp gr. 1 061 at 12°. From aldehyde and 
(021130)26 at 180° (Geuther, Annalen, 106, 249) , 
from alcoholic C2H3O2K and CHaCHCbCaHaOa 
(8ehiff, Ber 9, 304) ; by passing acetylene mto 
a solution of mercuric oxide in glacial acetic 
acid to which an alkyl sulphate, particularly 
methylene sulphate, has also been added (Eng 
Pat. 112766, 1918); or ^-naphthalene sulphomc 
acid dissolved in glacial acetic acid may be 
used instead (Eng. Pat. 112765); has a smell 
like that of onions, and is decomposed by water 
mto aldehyde and acetic acid. 

Ethylidene azine CH3CH : N -N : CHCH3 ; b p. 
95°-96° at 760 mm. ; sp gr. 0*832 at 17°. Pre- 
I pared by shakmg an ethereal solution of aldehyde 
I with an aqueous solution of hydrazine hydrate. 

I At ’ 80” it IS unchanged, but a^ a higher tempera- 
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ture gives off neaily all its N as gas It is fairly 
stable to alkalis, but is hydi’olysed by acids into 
aldehyde and hydrazine (Curtius and Linkeisen, 
J. pr. Chom. 1898, [ii.] 68, 310). 


EthylWene biuret 

Trigenic acid, by leading HCNO into well-cooled 
aldehyde (Liebig and Wohler, Annalen, 59, 296), 
crystallises in small jiiisms, slightly soluble in 
water, nearly insoluble in alcohol, has a shghtly 
acid taste. When heated, liberates COg, NH3, 
and traces of collidine CjjHjjN (Herzig, Moiiatsh. 
2, 398). Is haidly decomposed by NaBrO. 
UNO 3 decomposes it and h berates cyanuric acid 
The silver compound AgC^HgN^Og foims 
anioiphous precipitate, soluble in boihng water. 

Ethylidene bromide CHjCHBr^, bp. IU°- 
115° (Tawddarow, ihid, 176, 12), 109°-1I0° at 
751 mm. (Denzel, ibid. 195, 202), 110 5° at 
760 mm. (Anschutz, ibid 221, 137), 108°-J10° 
(con.) (Perkin, Chem. Soo. Trans 45, 523), 
bp. 107°-108° (V. Meyer and Muller, J. pi 
Chem. [2J 46, 168) , sp gr 2 129 at 10° (T ), 
2 1001 at 17 574°, 2 0891 at 20 574° (Anschutz) 
2 0822 at 21 5°/17 2-1029 at 15°, 2 0854 at 
25° (P ) Prom Hr at 170° (Hof- 

mann, Pioc Roy. tSoc. 10, 619 ; Caventou, 
Compt rend 52, 1330) Is produced by action 
of PCljBr^ but not of PBijj upon aldehyde 
(Paternb and Pisati, Ber 5, 289) , also by 
heating CH^ ; CHBr with HBr to 100° (Reboul, 
Compt. rend. 70, 398)w A heavy liciuid ; alcoholic 
K.HS has no action upon it (In heating with 
water and PbO to 130°, aldehyde and HBr aie 
produced (T ) With SbClg gives CH3CIICI2 
(Henry, Bull. Soc chim [11 ] 42, 262) 

Ethylidene bromiodide CH3OHB1I, mp 
below -20° ; b p 142°-143° , sp gi 2 50 at 1°, 
2 152 at 16°. Piom C2H3Br and HI m the rokl 
(Pfaundler, J. 1865, 483; Reboul, Annalen, 
155, 212); by shaking (5II3CHI2 with IBr 
solution (Simpson, Bull Soc chim jii J 31, 412) ; 
decomposed by alcoholic KOH or AgoO into HI 
and CaH^Br , Br yields CH^CHBr.^. 

Ethylidene chlorobromide CHjCHClBr; m 
16 6° (corr ) (Sclmeidei, Zeitsch. physikal Chem. 
19, 157); bp. 81°-84-5° at 750 mm , 82 7° at 
760 mm. (Stadcl, Ber. 15, 2563) ; sp gr. 1 (>(>7 
at 16° Prom CgHjBr and coiicentiated HCl 
at 100° (Reboul, Annalen, 155, 215); from 
C2H3CI and Br in sunlight (Denzel, ibid. 195, 
193). By action of Cl upon CgH^Br (Lescocur, 
Bull. Soc chim [11 ] 29, 483) Is decomposed at 
ordinary temperature by alcoholic KOH on long 
standing ; with AgaO gives aldehyde ; and with 
AgCgHgOa CH3CH(C2ir302)2 (L.) 

Ethylidene chloriodide (^HjCHClI , b p 
117°— 119° ; sp gr 2 054 at 19° By agitating a 
mixture of C113CH12 and ICl , formed also from 
CH3CHCI2 and Algl- (Simpson, Bull. Soc chim 
[li.] 31, 411) 

Ethylidene or Ethidene chloride , 

—101 5° (Schneider, Zeitsch. physikal 
Chem. 22, 233), b.p. 67'4°-67 6° at 750-9 
mm, spgr. 1*1743 at 20°/4° (Bmhl, Annalen, 
203, 11), 1*2124 at 0°, 1*1805 at 22°/0° ; re- 
fractive index /iij^ (at 24*7°) -- 1 405724. Ra 
= 34*1 (Kanonnikow) ; b p 57°-57 7° at 738 7 
mm., spgr. 1*2013 at 0° (Pribram and Handl, 
Monatsh 2,650), b p. 56*7°-56*9° at 749*1 mm., 
spgr. 1*1895 at 9 8°/4°, 1*11425 at 56*774° (R. 
Schiff Annalen, 220, 96), 57*32° (corr.) (Thoipe 


and Rodger) , crit. temp. 254 5° (Pawlewsky, 
Ber. 16, 2633) ; H.C.p. — 267 1 cals. (Berthelot 
and Ogier, Bull. Soc chim. [11 ] 36, 68). From 
C2H5CI and Cl (Regnault, Annalen, 33, 312) ; 
from C2H4O and PCI5 (Beilstcm). By action 
of llCl upon copper acetylene (Sabanejeff, 
ibid. 178, 111). Is prepared by passmg a 
mixture of chloimo and C2H5CI ovei animal char- 
coal heated to 250°-400° (Damoiseau, Bull. Soc 
chirn. [11 j 27, 113) Is obtamed as a by-product 
in tho manufacture of chloral Is decomposed 
by alcoholic KOH into HCl and C/gHjCl. Sodium 
produces at 180°~200° hydrogen, acetylene, 
ethylene, ethane, and C2H3CI (Toilens, 
Annalen, 137, 311) By action of Cl, CHjCCl3 
and CH/jl CHCI2 are jiroduced. 

Ethylidene di-i.so-nitramine is formed by the 
interaction of COlEt)^, or COEtMe, and NO, in 
CoHgONa The lead salt is anhydrous and 
czystalliscs m cubes. The dimethyl ethei 
lorms rhomluc crystals, and melts at 75°. 
The i6U-nitiammo itself is hydrolysed by 
mineral acids into acetaldehyde NH2OH and 
oxides of N. With Na amalgam, is j educed to 
hydrazmo (Tiaube, Aunaleii, 300, 120). 

Ethylidene diethyl ether 

CH^CH{OV,n^),{v Acmal) 

Ethylidene dimethyi ether CH3CH(OCH3)2, 
Dimethyl acetal , b.p (>4 1° (Dancci, Annalen, 
132, 240), 62 7°-63 3° at 757 6 mm (R Schill, 
ibid 220, 104) , sp gi 0 8787 at 0°, 0 8590 at 
14°, 0*8476 at 25° (D ), 0 8013 at 62 7°/4° (S ) ; 
capdlaiity constant at b p — 4 092 (Schiff, 
Annalen, 223, 74) , occurs in ciudo wood sjnnt 
(D.) . 2 volumes of wood sjurit, 1 volume alde- 
hydo, and \ xulume of glacial acetic acid are 
heated to 100° (Alsbeig, J. 1864, 485) , also by 
oxidation of CHjOli and C .H.OH by MnU^ and 
H>N04(Wurtz) 

Ethylidene methyl propyl ether 

CH3(T1(0CH3)(0C3H7) 
b p 103°'-105° (Bachiuaiin, Annalen, 218, 46). 

Ethylidene ethyl propyl ether 

CH3CH(UC2H3)(003H7) 
b p 124°-126° (Bachmann, I c ). 

Ethylidene dipropyl ether (41 » CH(OCjH,)2 , 
bp 14()°-148°, spgi. 0 825 at 22° (Girard, J. 
1880, 695). 

Ethylidene methyl i*obutyl ether 

CH3CH(OCH3)(OC!4H9) 

b p 125°-127° (Claus and Tiamcr, Ber 19, 
3005 ; Bachmann, l.c.). 

Ethylidene ethyl i^obutyl ether 

CH3*CH(OC2lJ5)(UC4Hj,) 
b p 155° ((4au3 and Trainer, I c ). 

Ethylidene d% iwbutyl ether CH3 CH (OC4H 9)2, 
bp 168°-170°, spgr. 0 816 at 22° ((Jlaus and 
Trainer, I c ; (in arc!, I c ), 

Ethylidene methyl i-soamyl ether 

CH3 

bp 141°-144° (Bachmann, l.c.) 

Ethylidene ethyl ^.suamyl ether 

b p. 165°-1G7° (Claus and Tiaincr, I c.). 

Ethylidene di isoamyl ether 

CH3CH(OC,Hii)2 

bp 210*8° (corr.), sp.gr. 0 8347 at 15° (Claus 
and Tramer, Ic ). 
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Ethylidene hydramine CH3 CH( 0 H)NHa v. 1 
Aldehyde-ammonia, art. Aldehyde. 

Ethylidene imlne CH3CH:NH; m.p. about 
85° ; b.p. 123°-124°. If aldehyde ammonia bo 
kept in vacu6 over H2SO4 for several days, the 
imine is formed. It crystallises m brilliant 
colourless crystals, which have an odour hke 
acetamide It is soluble in water, EtOH, 
CH3COOH, (-HCI3, CgHg, and toluene. The 
vapour density at 260° agrees with the simjile 
formula, but at lower tcmperatuics the V.ll is 
higher. It forms a picrate, and combines with 
HCN to form (!H3*CH(NH2)CN. It polymerises 
to form tnmeric ethylidine imino 


CHMc 


NlICHMe^ 


NH 


which forms a trmitroso- derivative, with 
N2O3 in CHCI3 ; opaque yellow- white needles, 
molting at 161° (Del6pmo, Compt. rend. 1897, 
125, 951 , and 1907, 1 14, 853). 

Ethylidene iodide CHgCmia ; b p. 177°-179° , 
8p.gr. 2 84 at 0°. By combination of ('2II2 mid 
HI (Berthcloi, Annalen, 132, 122 , Semenow, 
Zeitsch. Chem. 1865, 725) ; fiom and 

Alglg (Gustavson, J. Buss. J^hys. Chem. Soc. 6, 
164) ; from C2H3Br and HI (Friedel, Bor 7, 
823). Decomposed by alcoholic KOH into HI 
and C2H3I. 

Ethylidene maionic acid CHg-C^H C(COOH)2 ; 
only known in combmation, the ethyl ester 
CH3CH: CXCOOCaHg)^, bp. 220°, 115°-118° 
at 17 mm. ; sp.gr. 1*0435 at 15°. From 
CH2(C02Et)2 (1 mol.) aldehyde (2 mols ), 
and (li ) at 100° (Komnenos, 

Annalen, 218, 157). An ethereal oil smelling of 
camphor ; by long contact with Ba(OH)2 
the cold yields ethoxy malonic acid CgllgOg, 
maionic acid C3H4O4, and aldehyde. 

Ethylidene oxide CHg-CHO v. Aldehyde. 

Ethylidene ethylene oxide 


CH,CH<^ 


OCH 

OCH 


2 

2 


b p. 82° (Verley, Bull. 8oc. chim [111.] 21, 276), 
82 5° at 765 8 mm. ; sp gr, 1 002 at 0°. From 
aldehyde and excess of glycol at 100° (Wuitz, 
Compt. rend. 53, 378 ; Annalen, 120, 328) ; a 
liquid with irritating smell, soluble in 1^ vols 
water, from which CaCl2 separates it ; with 
acetic acid gives glycol diacetatc. 

Ethylidene ethoxyacetate CH3CH(OFt)OAc ; 
b p. 125°-130° ; sp gr 0 941. By heating to- 
gether acetal and acetic anhydride for 3 hours 
at 150°. A pleasant-smelling oil, slowly decom- 
posed by cold water into alcohol, aldehyde, and 
acetic acid, rapidly on boiling. 

Ethylidene sulphonic acids. 

1, Ethylidene hydroxysulphonic acid 

CH 3 CH( 0 H)(HS 03 ) 

Salts of this acid are formed by action of alde- 
hyde upon alkahne hydrogen sulphites ; they 
are crystallme bodies, soluble m water, and 
decomposed on heating into water, aldehyde, 
and sulphites. 

2. Ethylidene chloi sxilphonic acid 


CHa-CHChSOgH) 


obtained by action of CH3CHCI2 upon neutral 
alkaline sulphites at 140° ; the salts are crys- 
talline, and the acid is fairly stable. 


3. Ethylidene disulpfionic acid 
CHgCHtSOgHla 

By oxidation of trithioaldehyde (C2H4S3) or 
thialdm by KMn04 solution (Guareschi, Gazz. 
dura. ital. 9, 75 ; Annalen, 222, 302). 10 grams 

thialdm are treated with 30-35 grams ZnMnaOg 
and 300 grams water ; after filtering, BaH^Og 
18 added and excess of Ba precipitated by CO 2 ; 
the Ba salt is then precipitated by alcohol. It 
forms a strongly acid oily liquid, very soluble 
in water and alcohol, and is very stable ; forms 
stable salts Na2C2H4820g,H20, small silky 
crystals soluble in 6071 parts of alcohol (90 p.c.) 
at 24 5° ; K2C2H4820g,2H20 forms large 

transparent crystals soluble m 1 56 parts of 
water at 17°. 

ETHYL ACETATE v. Alkyl or elates, art. 
Acetic ac’id. 

ETHYL m AMINOPHENOL 

(m 

(1) Prepared by adding monoothyl aniline 
to fuming sulphuric acid, converting the ethyl 
anihne-m-sulphomc acid into the sodiu.a salt, 
melting this with potassium hydroxide at 220°, 
dissolving the product in water, and acidifying 
with hydrochloric acid. The filtered solution is 
neutralised with sodium carbonaU*, and the 
mono ethyl-rw-ammo phenol extracted with 
benzene (Bad. Ami. und 8oda Fabrik. D. R. P. 
48151). 

(2) 8odium-7«-phcnylcne oxamato 

CeH4(NH CO C02Na)2 

IS mixed with sodium ethyl sulphate, alcohol, 
and sodium carbonate, and heated in an auto- 
clave fitted with a stiirer to 180°. After dis- 
tilling off the aliohol, and extracting the mass 
with water, the residue is boiled with dilute 
sulphuric acid, and the cooled solution of 
ethyl-m-phenylenediamme sulphate is mixed 
with sodium nitrite, warmed, and neutralised 
with sodium carbonate {idem I) R P. 76419). 

(3) Anilinc-2 * 5-di8ulphonic acid is neutia- 
liscd with alkali, and the solution diluted, 
mixed with sodium ethyl sulphate, and heated 
in an autoclave to 170°-180°. Sodium carbonate 
IS added to the cooled solution which pieeipitates 
cthyl-m-aminophenol (Farbei fabrik. vorm F. 
Bayer & Co , D R. P. 82765); m.p. 62°; 
b.p 176°/12mm 

ETHYLANILINE 

<(^NU UjH, 

Is manufactured by heating aniline hydro- 
chloride with alcohol in an autoclave at 180°. 
The hydrochloride separates out on cooling. 
Or-amhno hydrochloride may be boiled with 
diothylanilme under a reflux condenser, hydro- 
chloric acid added, and the hydrochloride 
separated by crystaUisation. The base boils at 
206°/760 mm.; sp gr. 0*954 at 18°. Yields 
methyl ethyl andine on methylation, and 
benzyl ethyl aniline on benzylation. 

ETHYLBUTYLACETIC ACID v. OcTOic acids. 

ETHYL wo-BUTYLACETIC ACID v, Octoic 

ACIDS. 

ETHYL BUTYRATE v. But-ric acid. 
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ETHYL DIPHENYLAMINE v. Diphenyla 

MIKE. 

ETHYLKETENE v. Ketekes. 

ETHYLKETENECARBOXYLATEv.Ketenes. 

ETHYLMALONIC ACID v. Glutarto acid 
and Malokic acid. 

ETHYLMORPHINE v. Opium. 

ETHYLPROPYLACETIC ACID v. Heptoic 
acids. 

ETHYL o TOLUIDINE 

CH3 

May be prepared by heating a mixture of o- 
toluidine, ethyl alcohol, and hydrochloric acid, 
or a mixture of o-toluidino, ethyl alcohol, and 
a small quantity of iodine. Boils at 213°-214° ; 
sp.gr. 0 95.34. 

EUBORNYL. Trade name for bornyl-a- 
bromo-i«ovalerate, obtained by brommating 
chloro-isovaleric acid and esterifymg borneol 
with thfe product. A syrupy aromatic liquid , 
b.p. 175°~178°. Used as a sedative (v. Syn- 
thetic DRUGS). 

a-EUCAIN£. Methyl ester of N-methyl- 
benzoyl-triacetone-alkamine carboxylic acid. 
First obtained by Merling (Ber Dent pharm 
Ges. 1897, 173) by acting on acetone with 
ammonia to form triacetoneamine, treating this 
with hydrocyanic acid to form the cyanhydrin, 


which by hydrolysis yields triacetone -alkamino- 
carboxylic acid. On bcnzoylation and raethyla- 
tion it forms a-eucamc. Formerly employed as 
a substitute for cocaine. Its use is now super- 
seded by j8-eucaine, which is less painful and not 
so toxic. 

jS-EUCAINE (benzoyl-vinyl-diacetonc-alka- 
mine) 

^O CO C.H, 

OH 

Nil 

A local anaesthetic, used chiefly as the lactate 
or hydrochloride, in 2-3 p c. solution. Is pre- 
pared by condensing acetone with oxalic acid 
and ammonia to form the hydrogen oxalate of 
diacetoneamino, condensing this with paralde- 
hyde to produce the cyclic vinyl-diacetoneamme 
(Harries, Annalcn, 1897, 328; 1898, 346), 

reducing by means of sodium amalgam to a 
mixture of the ci.*? and Iram forms of the tri- 
methyl hydroxy piperidine (1). K. P. 95622), 
treating with sodium amylate to produce the 
CIS form only of tins compound (D R. P. 
95621), and treating with benzoyl chloride 
(1) R P 97672), and finally with hydrochloric 
or lactic acid to obtain the corresponding salt 
of )3-eucaine. 
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EUCAINE, EUCHININ, EUCODIN, EUCOL, 
EUDOXIN V. Synthetic drugs. 

EUGAIRITE. Selenide of silver and copper j 
(Ag,Cu) 2 So, crystallising m the cubic system, j 
It is lead-grey, but usually tarnished and dull ; 
sp gr. 7 5. It IS found massive and granulai 
embedded in calcite in the Skrikerum copper 
mine in Sm&land, Sweden, and in the Cacheuta 
mine m the province of Mendoza, Argentina. 

L J S 

EUCALYPTOL. The volatile oil of the 
leaves of Eucalyptus globulus ^ consists mainly 
of a body ^ p. 176°-177° ; sp gr. 0 923 

at 16°. It IS optically inactive, has a camphor- 
like smell, and is probably identical with cineol 
aud cajeputol (v. On.s, Essential). 

EUCALYPTUS GUM v. Kino. 

EUCALYPTUS MACRORHYNCHA. Euca- 
lyptus macrorhyncha (F. v. M.), a fair-sized tree, 
IS the ‘ red stringy bark ' of New South V^ales, 


and the ordinary stringy bark tree of victoria 
(Smith, (’hem. Soc. Trans. 1898, 73, 697). 

The leaves yield under favourable conditions 
a very large amount (10 pc.) of a crystalline 
glucosido termed by Smith myrticolorin, which 
can be isolated in the crude condition by mere 
extraction with boiling water. The solution on 
cooling became semi-solid owing to the separa- 
tion of crystals, and these can be purified by 
extraction with ether to lemove chlorophyll 
and crystallisation first from alcohol and subse- 
quently from water. It formed pale-yellow 
needles, gave on hydrolysis quercetin and 
glucose, and at first appeared to be a new 
glucoside of quercetin. Though very similar to 
rutin its identity with this glucoside was unsus- 
pected in that rutm by hydrolysis was pre* 
sumed at that time to give quercetin and 2 
molecules of rhamnose (Schunck, tbid. 1888, 
53, 264). Schmidt m 1908 (Arch. Pharm 246, 
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214), however, pointed out that rutin m this 
manner yields not only "rhamnoso but glucose, 
and the probability that myrticolorin — ^as also 
viola quercitnn and osyntnn — ^wero identical 
with rutin was subsequently conlirraod by Perkin 
{ibid. 1910, 97, 1776) A. G. P 

EUCALYPTUS OIL v Oils, Essential 
EUCALPYTUS RESIN v. Resins 
EUCLASE. Basic silicate of aluminium and 
glucmum (GIO, 17*3 pc.) HOlAlSiOg, crystal- 
lising m the monocliniG system The well- 
developed crystals have a very perfect cleavage 
parallel to the plane of symmetry, hence the 
name, from ej, well, and kKActis, fracture 
Tliey are colourless, yellow, green, or blue ; 
sp gr 3*1 (higher than that of beryl), H 74 
The mineral is not attacked by acids, and the 
water is expelled only at a high temperature 
It is found as singk^ isolated eiystals in gold 
washings at Ouro Proto in Brazil, and on the 
River Sanarka in the southern Urals. Minute 
crystals have also beem found in miea-schist in 
the Grossglockner district of the Austrian Alps, 
and in granite in the Fiehtelgobirgo, Bavaria 
The mineral is occasionally cut as a gem -stone, 
but it has the drawback that it readily splits 
along the perfect cleavage. J. B. 

EUCODAL. Trade name for the hydro- 
chloride of dihydrohydroxyeodeinono Used as 
a narcotic 

EUGODEINE. 8 yn. for codeine methyl 
bromide. 

EUCOL. Trade name for guaieol acetate 
EUCOLITE V Eudialyte 
EUCRYPTITE. Orthosiheato of aluminium 
and lithium (Li^O, 11 9 pc ) L 1 AKS 1 O 4 , crystal- 
lising in the hexagonal system and belonging 
to the nephelite group of mineials. It occurs 
intimately intergrown with albito as an altera- 
tion product of spodumene at Branehville, 
Connecticut. An artificial oithorhorabic form 
of L 1 AI 81 O 4 , dimorphous with eucrvptito, has 
been caljed pseudo- or fi-eucryptitc (K. M Jager 
and A. Simek, 1914). L. J. S. 

EUCUPIN. Trade name for iso-amylhydro- 
cuprem. 

EUDESMIN C 22 H 2 aOg occurs in the kinos 
of eucalyptus species, tlie oils of which contain 
cineole and pinene, but not plieliandiene It 
may be obtained by extracting a concentrated 
aqueous solution of the kmo with ether, purifying 
by treatment with chloroform, and crystallising 
from methyl alcohol Colourless prismatic 

needles, m p 107°, — 64 I'’ (in chloroform). 

Contains 4 methoxy- groups, and is unacted 
upon by hydroxyl or ketone reagents. Red 
solution with sulphuric acid. Nitric acid con- 
verts it into dinitroeudesmirif colourless needles, 
m p. 214°. Boiling cone, nitric acid forms 
4 : 6 -dmitroveratrolo (2 mols). Chlorine in 
acetic acid solution gives dichloroeudeainin ; 
colourless rectangular plates, m p. 163°. Di- 
bromoeudesmin, prepared in like manner, colour- 
less needles, m.p. 172°, \a^ +69*4° (in chloro 

form) ; this, on oxidation with permanganate, 
gives 6 -bromoveratric acid, m.p. 184°. Di- 
lodoeudesmin, needles, m p. 175° (Robinson and 
Smith, J. Roy. Soc. New South Wales, 19H, 
48, 449). 

EUDIALYTE. Silicate and zirconate (ZrOj, 


14-16 p.c.) of sodium, calcium, and ferrous iron, 
occurring as large well-developed rhombohedral 
crystals. These are brownish-red or rose -red in 
colour ; sp.gr. 2 9-3 •!. The mineral occurs in 
ncjihehno- and sodalite syenites in the Juliane- 
haab district in south Greenland, at Magnet 
Cove in Arkansas, on Sedlovatoi Island in the 
White Sea, and on the Kola peninsula m Russian 
Lapland The name eudialyte, from eu, well, 
and Sia\v€tu^ to dissolve, refers to the fact that 
the mineral is readily decomposed by acids. 

Eucolite, a closely related variety, differs in 
being optically negative, instead of positive 
This IS from the nephelino-syeiiites of the 
LangcsiuKlsfjoid m Norway L J S 

EUDRENINE. A solution containing eueaine 
and adrenaline. 

EUFORMOL. Dextrin formaldehyde 

EUGENOL (H0)(CH30)(^8ll3-Cli2 CH ; CHg 
(C 3 H 5 : CH 3 O : 110—1 3 . 4) occurs in oil of 
cloves from the leaves of I^Jugenia caryopliyllala 
(Thunb ) (Bonastre and Ettling, Annalen, 9 , 68 ) , 
in the oil from the leaves of the Ceylon cinnamon 
tree (Stenliouse, Annalen, 95, 103 , Schimmel 
& Co, Chem. Zentr 1902, ii 1486), from 
(Jinnauiomum pedaUmrvium (Meissn.) (Gouldmg, 
Chem 80 c. Tians 1903, 1101), 0 Tamala (Nees 
et Eberm.) ( 8 chimmel & Co., (3iem. Zentr. 1910, 

1 1720), C cassia (Plume), and C zeylanicum 
(Nees) (Duyk, ('hem Zentr. 1896, 11 . .358 , Weber, 
Arch Pharra. 230, 232) ; from the fruit of 
Pimenla officinaUs (Lmdl.) (Bonastre, I c. , Oeser, 
Annalen, 131, 277) ; from the sap of Acacia 
Farnesiana (Willd ) (Walbaum, J. pr Chem. 68, 
[2] 235), in the oil from Ocimum Basilicum (Linn ) 
(8chimmel & Co , (3iem Zentr. 1900, i 906) ; in 
calamus oil (Thoms and Bcckstroem, Ber. 1902, 
3187) ; m Ylang Ylang oil (Schimmel & Co , 
Chem. Zentr 1903, 1 1087 ; 11 . 272) ; m olive 
oil from Pugh (Canzoneri, G.azz ohim. ital. 1897, 
27, 11 . 1) ; in oil of nutmeg (Power and Salway, 
Chem. Soc. Trans. 1907, 2041); in sassafras 
leaves and bark (Pomeranz, Monatsh. 11, 101 ; 
Power and Klober, Chora. Zentr. 1897, 11 . 42) ; 
in the oil fiom the leaves of the bay tree (Mitt- 
mann. Arch. Pharm. 27, [3] 539) ; in oil from 
Maltese oranges (Gildemeister and Stephan, 
Arch. Pharm 235, 583), and in other ethereal 
oils The methyl ether of eugenol 

(CII 3 O) Afl 3 CH^-CTI : GH 2 

occurs in the oil of Asarum cauadense (Lmn.) 
(Power and Lees, Chem Soc. Tians. 1902, 67), of 
A. arifolium (Michx.) (Miller, Arch. Pharm. 240, 
371) ; in oil from Paracoto bark (Jobst and 
Hesse, Annalen, 199, 75 ; Wallach and Rhem- 
dorff, ibid. 271, 300), m Ylang Ylang oil; in 
oil from the bark of Cinnamomum pcdatinervium , 
in oil from Maltese oranges {v. supra ) ; and in 
oil of citron (Schimmel & Co , Chem Zentr 
1899, 11 . 879). 

Oil of cloves, which contains eugenol and 
a terpene as the chief constituents, is treated 
with potash ; the potassium salt of eugenol 
separates, is pressed out, washed with alcohol, 
and the eugenol set free by the addition of a 
mineral acid (Wasserman, Annalen, 179, 369). 
It 13 obtained by a similar process from oil of 
cinnamon leaves or from that of Pimenia officinalis 
(Lmdl.). Another method consists in separating 
eugenol from oil of cloves by means of the cora- 
;^ouiid it forms with sodiuii acetate (Chem. 
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Werke Byk D. R. P. 100418 ; Chem. Zentr. | 

1899, i. 704). In the former process, a residue 
is left after treatmg the oil of cloves with 
potash, and by distillmg this under reduced 
pressure, acetyl eugonol, m p. 29°, is obtained 
(Erdmann, J. pr Chem. 1897, L2] 50, 140). By 
reducing coniferm in alkaline solution with 
sodium amalgam, eugenol is formed (Chiozza, 
Chem Zentr. 1888, 443). Methyl eugenol (allyl 
guaiacol) has been prepared synthetically by 
treating veratrol (dimethylcatechol) with allyl 
iodide and zinc-dust (Mourcau, Cornpt. rend. 
121, 721). 

Pure eugenol is a colourless oil ; b p. 244 5° 
(Frankforter and Lando, J. Amor. Chem Soc 27, 
041), 247 5° (Wassermann, Annalen, 179, 300), 
253*5° (corr ) (Perkin, Chem Soc Trans 1800, 
1247) ; sp.gr. 1 0785 at 4°/4°, 1 0734 at 10°/10°, 

1 0003 at 20°/2C*^ ; specific magnetic rotation, 
2*1974 ; molecular magnetic rotation at 15°, 
18*727 (Porkm, lx.); dielectric constant, 0 0 
(Mathews, J. Phys. Chem. 9, 041) , 1*54437 , 

sp. heat, 0 5024 ; mol. heat of combustion, 
1304 cals. (F. & L. Z c ) Eugenol reddens 

litmus, smells strongly of cloves, and has a 
burning taste It does not reduce Barreswil’s 
solution but reduces ammoniacal silver solu- 
tions on long standing Eugenol may bo 
detected by the following reactions * (i ) ferric 
chloride imparts a blue colour to its alcoholic 
solution ; (ii ) zinc chloride yields a transitory 
pale-yellow colour ; (iii ) sulphuric acid gives 
first a brown colour, changing quickly to purple 
and finally to wmo-red ; (iv ) Burgess (Analyst, 

1900, 25, 205) makes use of a reagent prepared 
by dissolving 10 grams of mercuric salt m 25 p c. 
sulphuric acid, and making the solution up to 
100 c c. with the latter. By shaking 2 c.c of 
eugenol with 5 c.c of the reagent, and allowing 
the solution to stand, a pale violet colour is 
developed (For estimation of eugenol m oil 
of cloves, V. Verley and Boslmg, Bcr 1901, 
3359; Thoms, Chem. Zeit. 1903, 27, 954; 
Arch. Pharm. 241, 592 ; Spurge, Pharm 
J. 1903, [4J 10, 701, 757; Schimmel & Co., 
(^hem. Zentr. 1903, ii. 1124; Reich, Zeitsch 
Nahr. Genussm 1909, 18, 401.) 

Eugenol and its derivatives are readily con- 
verted into the corresponding derivatives of 
the isomeric fsoeugenol {v. infra)^ which on 
oxidation yields vanillin and its deiivativcs 
Chromic acid oxidises eugenol to acetic acid, 
carbon dioxide, and water (Wassermann, Zc.); 
chromyl chloride, however, combines with 
eugenol, and on decomposing the product with 
water, vanillin can bo extracted (Novarine, 
US. Pats. 305918, 305919; Ber. Ref. 1890, 
812). Nitric acid oxidises eugenol to •oxalic 
acid and a resin, but in ethereal solution, 5- 
nitro-eugenol is formed {v. iiifra). Ferric 
chloride oxidises it to dehydroeugenol, m p. 
105°-100° (Cousin and H6rissey, Compt. rend. 
1908, 140, 1413). Oxidised with potassium 
permanganate, eugenol yields homovanilhn, 
vanillin, and vanillic acid (Erlonmeyer, Ber. 
1876, 273) Hydrogenisation of either eugenol 
or i^oeugenol in the presence of platinum black, 
yields dihydroougenol (propylguaiacol), b.p. 
246°-248° (Fournier, Bull. Soc. chim. [4] 7, 23). 

5-Nitroeugenol is prepared by acting on 
eugenol in ethereal solution with nitric acid. 
It forms large triclinic crystals, m.p. 43°-44° 


(Weselsky and Benedikt, Monatsh. 3, 388), 
With tin and hydrochloric acid, it produces 
aminochlorhydroeugenol hydrochloride ; ammo- 
chlorhydroougenol melts at 97°. Nitroeugenol, 
heated with acetic anhydride and sodium acetate, 
forms nitro-aceto-eugenol, m p. 61°, which, 
oxidised by potassium permanganate at 70° 
(Tiemann, Bcr 1870, 418), yields nitrovamlhc 
acid CgH 2 (C 00 H)( 0 CH 3 )( 0 H)N 02 , decom- 
posing at 210° without melting. 

Acyl and aryl derivatives of eugenol are 
obtained by treating eugenol with acyl or aryl 
anhydrides in the cohl, in presence of some con- 
densing agent such as sulphuric acid, zinc 
chloiidi*, pyridine, &c. The chlorides may be 
substituted for the anhydrides (Merck, 1). R PP. 
103581, 109445, Chem Zenfi 1899, ii 927, 
1900, 11 407 ; Riedel, D. R. P 189333 ; Chem. 
Zentr 1908, i. 185 , Pond & Beers, J. Amer. 
Chem. Soc. 19, 825). Acetyl eugenol, which 
occurs in oil of cloves (Erdmann, J. pr Chem. 
1897, [2] 50, 140), melts at 29°, and boils at 
281°-282° (752 mm.) (Freyss, Chem Zentr. 
1899, 1 835) , benzyl eugenol has b p. 235°, 
and on heating with potash and subsequently 
with potassium dichromatc and suliihunc acid, 
the benzyl ether of vanillin is obtained (Boeh- 
ringer and Sons, 13 R P 05937 ; Ber Ref. 
1893, 211) Eugenol carbonate, m p 93°~94°, is 
obtained by passing phosgene gas into an alkaline 
solution of eugenol , on tK'atmcnt with ammonia, 
the carbamate is foimed (F. von Heyden Nachf 
D. R P 58129, Ber Ref 1892,180), the cai- 
bonatc can also be obtained from eugenol and 
the diphenyl ester of carbonic acid (D. R P. 
99057, Chem Zentr. 1898, ii. 1190) On 
adding eugenol to a cooled mixture of pyridine 
and chlorsulphonic a(*id m carbon disulphide, 
potassium cugenyl sulphate, m p. 203°, is ob- 
tained , the latter is transformed by heating 
with excess of jiotash into potassium i,voeugenyl- 
siilphato, m p 223°, which, on oxidation with 
ozone, yields potassium vanillin sulphate 
(Verley, Bull. Soc. chim. 1901, [3| 25, 40). 
Eugenyl acetic acid 

CgH3(CH2 CH : CH2)(OCH3)(OCH3 COgH) 

is obtained by heating eugenol with chloracetic 
acid in the jiresence of sodium hydi oxide for 
20 hours, and decomposing the sodium salt thus 
formed with hydrochloric acid , m p. 75°. By 
heating the acid with potash and amyl alcohol 
at 150°, ^.9c>eugenyl acetic acid, m p. 92°-94°, is 
produced ; and oxidation of the latter with 
potassium permanganate yields vanillin acetic 
acid (Gassmann and Krafft, Ber. 1895, 1870). 

Eugenyl phosphoric acid is obtained by 
treatmg eugenol with phosphorus oxychloride 
and decomposing the resulting chloride with 
water ; m p. of anhydrous acid, 105° (Boehrmger 
& Sons, D. R. P. 98522 ; Chem. Zentr. 1898, 
11 . 950 ; Oeser, Annalen, 131, 277). On 
heatmg with alcoholic potash, isoeugenyl 
phosphoric acid is obtained, and by heating the 
acid sodium salt of the latter to 150°, t^oeugenol 
is obtained quantitatively. 

Eugenyl alcohol is prepared by healing 
eugenol in 20 p c. sodium hydroxide solution 
with formaldehyde at 00° ; m.p. 37°-38° 
(Monasse, Ber 1902, 3894). 

Eugenol glucoslde, m.p. 132°, is produced by 
the action of acetochlorhydrose on the potassium 
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salt of eiigenol (Michael, Amor. Chem. J. 6, 
336). 

Eugenol and i5oeugenol form compounds 
with proteins which are stated to be used 
in the treatment of tuberculosis (Belart, Eng. 
Tat. 9240, 26075; Fr. Pat. 389889; J. Soc. 
Chem. Iiid. 1908, 998 ; 1909, 1325). 

(For compounds with lodmc, v F. v. Hoyden 
Nachf. I). R P. 70058 ; Ber Ref. 1893, 916 ; 
Ingle, J. Soc. Chem. Ind. 1904, 422 ) The A- 
snbstituted aminoethyl compounds of eugenol- 
and uoeugenol- acetamide are stated to bo used 
as local ansesthctics (Emhorn, I). R. P. 208255 ; 
J. Soc. Chem Ind 1909, 491). 

Bromine in excess forms with eugenol, di- 
bromeugenol dibromide, m j) IIS^-IIO*^, which, 
treated with zme-dust in al(‘oholic solution, 
yields dibromeugenol, m p. 59° (('hasanowitz 
and Hell, Bor. 1885, 823 , Auwers, ihul 1901, 
4266) By treating eugenol with bromine in 
chloroform at 0°, bromeugenol is formed (Lando, 
J. Ainer Chem. Soc. 1905, 27, 641) Tiibrom- 
eugenol and other brom- derivatives {v, Lando, 
I c.. , Auwois and Muller, Bor. 1902, 35, 114; 
Hell and Anwandter, ihid. 1895, 2085) 

Eugenol methyl ether occurs m several 
ethereal oils, and can be obtained from veratrol 
(v. mpra). It is also obtained by the action of 
methyl iodide and caustic potash on eugenol 
(f^iamician and Silbor, Ber. 1890, 1164); bp 
247°-248°. It IS readily converted into iso* 
eugenol methyl ether, b p 263°, which yields 
methyl vanillin and veratric acid on oxidation 
with potassium dichromate and sulphuric acid 

^^oEugenol 

(HOKCHaO) CsHa'CH CH 3 O 110 = 1 3’4) 

occurs in small quantities m oil of nutmeg (Power 
and Sal way, Chem Soc Trans 1907, 2041), and 
as the methyl ether in the oil from Asarum 
cmfohum (Michx ) (Miller, Arch Pharm. 240, 
37 1 ). 1 1 IS jirepared by adding 5 pai ts of eugenol 

or an equivalent quantity of oil of cloves to 12*5 
parts of potash, dissolved in 18 parts of amyl 
alcohol, and heating for 16-20 hours at 140°. 
The product is steam distilled, and the residue 
acidified with sulphuric acid. The ^.weugenol 
separates out, is washed with sodium carbonate 
solution, and purified by distillation (Ticmann, 
Ber. 1891, 2870; 1894, 2580, Lain, Kng Pat 
17547 , «T. Soc. Chem Ind. 1891, 854, Haar- 
mann and Reimer, D. R. P. 57808 , Ber. Ref 
1892, 94). The amyl alcohol may be replaced 
by methyl, ethyl, or butyl alcohols (Gassraann, 
Compt. rend. 124, 38 ; F. von Heyden Nachf. 
D. R P. 70274 ; J. Soc Chem Ind 1892, 633), 
Other methods are to heat eugenol with 4 parts of 
caustic potash and some water at 220° (Emhorn 
and Frey, D. R P 76982 ; Frdl 111 863 ; Bor 
1894, 2455) ; to heat the alkali derivative of 
eugenol to 200° in the absence of air (Fritzsche, 
D. R P. 179948; J. Soc. Chem. Ind. 1907, 
1216) ; and to heat the acid sodium salt of iso^ 
eugenylphosphoric acid to 150° (v. Eugevyl- 
phosphoric acid). 

woEugenol forms colourless crystals, m p. 33°; 
b.p. 264°-265° (J. Soc. Chem. Ind. 1892, 633), 
193 5° (100 mm.), and 266 6°-268*5° (760 mm ) ; 
spgr. 1*0994 at 4°/4°, 1 0944 at 10°/10°, 1*0872 
»t 20°/20° ; specific magnetic rotation 2*6578 ; 
molecular magnetic rotation at 15°, 21*469 
(Perkin, Chem Soc Trans. 1896, 1247). On 


oxidation, i.9oeugenol and its derivatives yield 
the corresponding derivatives of vanilhn. Thus 
i^oeugenol, when treated with sodium peroxide, 
yields vamllin itself (Haarmann and Reimer, 
Eng. Pat. 11952, 14928; J. Soc. Chem. Ind. 
1895, 606; 1897, 633 ; c/. Majert, D. R. P. 
82924 ; Ber. Ref. 1895, 878). Ozone oxidises 
i.weugenol in the same way, and vanilhn is also 
produced by the electrolysis of the sodium salt 
of i?oeugenol and subsequent addition of acid 
(Otto and Varley, U.S. Pat. 553039, 553593, 
Ber. Ref 1896, 249 ; cf. Otto, Ann. Chim 
Phys. 1898, [viii.] 13, 120). Ferric chloride 
oxidises t^oeugenol to dohydroisoeugenol, m.p. 
133° (Cousin and Herrisey, Compt. rend. 1908, 
147, 247). 

Eugenol is readily polymerised by small 
quantities of mineral acids, acid chlorides, or 
metallic haloids, forming dihoeugenoly which 
crystallises in * colourless needles, m p. 178° 
(F. von Heyden Nachf. D. R P. 70274 ; J. Soc 
Chem. Ind 1892, 633), 180° (Puxeddu, Gazz. 
chim. ital. 39, 1 . 131) Similarly, the ethyl 
other of i.!^oeugenol, when dissolved in alcohol 
and treated with hydrogen chloride for some 
hours, polymerises into diothyldu^oeugenoi, 
m.p 130° (Puxeddu, lx . ; Wassormann, \nnalen, 
179, 375). 

The acyl and aryl derivatives are obtained 
by methods similar to those employed for the 
eugenol compounds, but the solutions must bo 
kept cool to jirevent polymerisation taking place ^ 
acetyl meugenol, m p. 79°-80° ; benzoyl tso- 
eugenol, m p 103°-104° ; benzyl i^oeugcnol, 
m p 48° (l^ond and Beers, J. Amer. Chem. Soc. 
19, 825; Merck, D. R. PP. 103581, 109146; 
Chem. Zentr. 1899, 11 . 927 ; 1900, 11 . 407 ; 
Haarmann and Reimer, I) R. P. 57568 ; Ber. 
Ref 1892, 93) If acetyl chloride is added to 
isocugenol at 54°, and the temperature is finally 
raised to 80°, diacetyldit-soeugenol is obtained, 
and by hydrolysis with acids, dii,soeugenol is 
formed (Tiemann, Ber. 1891, 2870 ; 1894, 2580). 
Methylene chloride reacts with an alkaline solu- 
tion of eugenol forming metliylonedii^oeugenol, 
m p. 50° -52°, which on oxidation yields methyl- 
enedivanillm (Lesault & Co., D. R. PP. 75264, 
76061 ; Ber Ref. 1894, 812, 928). 

5-Nitroisoeugenol is formed by the action of 
nitric acid on i.9oeugenol in acetic acid solution , 
on recrystalhsation from i^obutyl or amyl 
alcohols it forms a redchsh -yellow mass, which 
decomposes at about 150° (Puxeddu and Cornelia, 
Gazz chim. ital. 1906, 36, 11 . 450). 

^.9oEugenol carbonate is prepared in the same 
way as eugenol carbonate {q.v.) (F. von Heyden 
Nachf D R P. 61848 ; Ber. Ref. 1892, 486). 

By adding excess of bromine to ^^oeugenol, 
bromi^oeugenol dibromide, m.p. 138°-139°, is 
formed. If only 1 molecule of bromine is added, 
an unstable iweugonol dibromide, m.p. 95°, is 
produced Di- and tri-i^oeugenol dibromides 
have been prepared (Hell and Portman, Ber. 
1895, 2088; Hell and Bauer, Ber. 1904, 1128; 
Zincke and Hahn, Annalen, 329, 1). 

lAoEugenol methyl ether occurs in the oil of 
Asarum anfolium {v. supra). It can be pre- 
pared by warming eugenol methyl ether with 
alcoholic potash (Ciamician and Silber, Ber. 
1890, 1165) or by treating f^oeugenol with 
dimethyl sulphate and aqueous potash (Mannich, 
Aich. Pharm. 218, 127); bp 263°, 
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itSoEugenol is distinguished from eugenol by 
the folio wmg reactions . (i ) feme chloride gives 
an olive-green colouration with its alcoholic 
solution , (ii ) zinc chloride, a bnght lose-pink 
colour; (ni.) sulphuiic acid, a roso-pmk colour 
changing to light- brown. 

EUGUFORM, EUMYRDIN, EUPHTHAL 
MIN, EUPORPHIN e Synthetic duuos. 

EUKODAL. Oxydiliydiocodeiiione hydio- 
chloride Used as a narcotic (Ficund and 
Speyer, Munch med Woch 1917, ()1, 380). 

EU LATIN. Tiade name for a mixtuio of 
j9-bromobenzoic acid, o-aminobciuoic acid, and 
antipyrmo 

EUONYMUS {Kaonymi Oortej, B.P ) (deleted 
from U S. P. 1910) is the root bark ot K. atro- 
purjnireus (Jacjium), a shiub indigenous to the 
United States, ancl known tlieie as ‘ wahoo ’ oi 
‘ burning busli.’ 'It is said to contain an amor- 
phous bitter jirmciple and a glucoside euonfjmin ; 
the latter, according to Hans Meyer (r/, Schmicde- 
berg, Aicli exp Patli. Pharm. 1883, 1(), 1()3), 
possesses a digitahs-liko action, causing systolic 
arrest of the fiog’s heait m veiy small doses 
Nothing IS known about it eheimcally. For 
ai- account of eailier mvi'stigations, Hogeison 
(Uheni Soc. Tians. 1912, 101, 1040), who 
isolated ctuhutol (2 1 p c of the bark) ancl other 
substances, but could not find any glucosidc' 
The latter negative result may have been due 
to hydrolysis by the steam distillation employed 
The name euonymm is also applied to dried 
extracts of varying composition, blown euony- 
miii being from the loot baik, and gieen (con- 
taining cliloroiihyll) fiom the stem baik 

(k B 

EUPAD. An antiseptic consisting of e([ual 
weights of chloride of lime and bone acid. 

EUPHORBIC ACID, EUPHORBIUM, 
EUPHORBONE e Gum iiesins. 

EUPHORINE c Syntiiktio duuos. 

EUPHRASIA TANNIN v Tannins. 

EUPHYLLIN. Tiade name for a compound 
of theophylline with ethylcne-diamine A 
wlute ciystallme soluble powder, used as a 
diuretic {v. Synthetic duuos). 

EUPITTONIC ACID, Ku'pittone^ PiUataly 
Hexamethoxyaurin 
OMe 

O C[CVC(OMc)jOHJj 

OMo 

Pittacal is a blue colouring matter obtained 
by Reichenbach in 1835 from the Ingh- 
boihng portions of beechwood tar. Giatzel 
aho from the same products obtained a blown 
substance which gave the same blue colouV re- 
action with baryta as the pittacal of Koichcn- 
bach. The colouring matter, which only exists 
in small quantity in this brown substance, was 
extracted and examined by Liebermann (Ber. 
9, 334). It IS an orange-red crystalline powder, 
soluble m alcohol and acetic acid, forming 
brown solutions. It forms with alkalis jiurplo. 
and with ammonia blue solutions, from which 
carbon dioxide precipitates blue salts, soluble 
in pure water. Calcium, magnesium, barium, 
and tin salts also give blue precipitates with 
the alkaline solutions. The calcium and 
magnesium salts are soluble m water. 
Hydrochloric and sulphuric acids form red 

VoL. Il.^r. 


solutions, and the latter turns pure blue on 
Warming. In acid solutions, it dyes animal 
libies orange, in ammoniacal solution especially 
with tm moidant, blue- violet Lii'beimann 
called this colouiing mattei cupitionc, and le- 
gal ded it as at least closely allied to pittacal (Bei 
11, 1115) Hofmann (Ber. 12, 1371, 2216), by 
the action of he \achloi ethane fkClg on dimethyl 
pyiogallate mixed with alcoholic potash or soda, 
obtained a substanie identical in composition 
with the eupittone of Lie bei maim, and stiongly 
lesembhiig it iii 2>i‘>perti(‘S It is an oiange- 
yollow substance, soluble in acetic acid, and 
|)iec ipitated thi'icfiom by alcohol. It mc‘lts at 
200^ and decomposes paitly into a blue sub- 
limate. It fonns the same alkali salts and gives 
tho same sulphuiic acid leaction as eupittone. 
This body is h e x a m e t h o x y-i o s o 1 1 c acid 
Ui oH(,(OOH j)rtOj Heated with ahohohe am- 
monia, it yields liexamt'thoxy-rosanihne 

OH CLCaH.(^H,)(OMe) J3 
which eiystallrses m bioad colon 1 less needles, 
and has no tme tonal piopeities When 2 giams 
eupittone aie heated with 20 c c alcoholic 
methylamiiK' (10 pe) at 150’-l(>0'^ foi 24 
houis, it yiclels hcxamothoxydimethylfoimyl- 
pundeucani lino 

CH[(J6H,(OMe),NH CHal/^gH >(OMe) ,NHCHO 

m p 187'^ (Liebermann, Bei 31, i03f) J’yio- 
gallol is pioduced in attempting to icplaee the 
methoxyl gioups by hydiogen Its lormatiem 
IS analogous to that of losohc acid 

30,11, „()j+CO,--C2,H2o<->« F2H,0 

Hofmann teims this body cupittotut and, and 
uses the name as Hyiionyinoiis with jiittacal and 
eupittone Eupit tonic acid cannot be obtained 
by heating the sodium dcuavativc^ of dimethyl 
pyiogallate or of dimethyl-niotliyl-jiyiogallato 
sc'paiately, in air , a mixtuio of tho two, how- 
ever, with excess of soela gives sometimes as 
much as 10 p c of its own weight of tho acid, 
Tho action is compaiablo wnth that in Avhich 
losanilme is pioduced fiom aniline and toluidmc. 

8^10^ j ^ 9 ^^1 2^-^ J I bll 2 

The oxygen neccssaiy to imnovo the hydiogen 
IS obtained from the atmosphcie, as m a closed 
vessel no such change as the above takes place. 
Eiipit tonic aud appeals to be dibasic, tho 
sodium and baiiuin salts, U25H^4Na20j, and 
G25H2iBaOg, have been piepaied Paper steeped 
in a solution of the acid, and dried, is a most 
sensitive test foi fieo alkalis on account of the 
blue colour of the alkaline salts of cupittomc 
acid Hydiochloiic acid, however, produces 
tho same blue colour With acetic anhydride, 
a diacetyl derivative, m p. 

265'^, IS produced, which, curiously, is insolublo 
in alkalis, although its molecule ought to contain 
four hydioxyl groups 

The dibenzoyl deiivativo ^'251^24^5,(0711,^0)2 
forms golden needles, m p 232° , the dimethyl 
ether G25H24MC2O5, has m p 242° , tho diethyl- 
ethor G26H24Et20j has in p, 201°-202° ; and the 
lodo compound C25H2QOJI4 forms brown shining 
prisms. 

Eupittone black, noreupittone, hexaoxyaurin 

C12H14O7 or [CeH2(OH)3]2C : CeH2(OH)2 ; 0 

formed by addmg eupittone to sulphuric acid 

2 Y 
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at J K)‘" and kct^ping the leiiij)(.‘raturc at 125° 
until tlio mass is puic bliu* ; it is a daik shmmg 
black powder, and dyes muidantcd fibres 
thiough a duty violet to a deep black, the 
hydioeliloiido (J, 9 Hi 407 , H( ! 1 , 0 ^ 11^0 is deei) 
blue (Liebermann and Widcrmann, (iei. 34, 
1033) 

EUPNINE. Trade name for a piepaiation 
of eafieme and iodine 

EUPORPHINE. 3'iade name for apomor- 
phme m<‘tliyl biomide. 

EUPYRIN V (Synthiutic Diiuas. 

EUQUININE. Ti ade name foi ciuinme etJiyl 
eaibonale 

EUREKA V. Nk'kei. 

EURESOL. tSyii loi leboicmol moiioate- 
tate 

EURHODINES, EURHODOLS V Azinks 

EUROBIN. 3’iade name of’ a pliaima- 
ceutical pi expiation (oiLsihtmg mainly of the 
diaeetate of duybaiubin (7 e.) 

EUROPHEN V SYUTHhi’ic dkikjs 

EUROPIUM. Ku 152 Uibam and 

Laeombe, C\jmpt lend 1901, 138, 037, and 
Jantsch, ihtd l‘J08, 141), 173) 

Sovnc — The oxide of this extumiely laie 
clement is jiiesent 111 veiy small amounts 
111 monazito sand, and is extiactcil fiom 
this mineral m tin* fiactioii containing the 
yttiium eaiths 

Ext) action, -In sepai.itmg cuiojiium fiom 
its associates, advantage has been taken of the 
isomorphism existing betvvemi the double 
nitiatcs of bismuth and tliose of tlio metals of 
tin* laie eaiths 

Bismuth mil ate gives use to a sciies of 
double salts having the geneial foi inula 
3.Vin(N03),,2Bi(N()3),,21]U0 
wheie tlie bivalent metal may b(‘ m.igmsium, 
/me, nickel, cobalt, or manganese (Uibaiii and 
Lacoinbi, doinpt lend 1903, 137, 508) Mag- 
nesium bismuth nitrate 

3Mg(NO,),/2BiiN(),),24lLO 
is isomoijilioiis with tlic coiiesxiondmg double 
magnisium nitiates 

3Mg(N03)„2Mni(N03) ,,211120 
vvheie Mi^^—Ce, La, Nd, 19, tSm, Eu, Chi, and Tb 

To a mixture of thcbc metals in the foim of 
then double magnesium mtiates is added a 
huge excess of magnesium bismuth intiate 
WluMi the jiroduct is ciystallised methodically 
liom nitiie acid solution, the double magnesium 
mtiates of cciium, lanthanum, iiiaseoclymium, 
n(‘C)dymium, and s<imaiium lust S(])aiate, 
followed by the double s.ilt of bismuth, leaving 
(niroj)iutn and gadolinium m the mother liquors 
As the ir actional crystallisation pioceeds, the 
laio eaiths yii'lding double nitrates less soluble 
tlian the bismuth double salt, are graduallv 
(hminatcd until at a certain jioint the nudclle 
fniitions (ontam no other tervalent metal tlian 
bismuth When this xioint is leaclied, all the 
samaiiuin lias been crystallised out, and thus 
sepal ated fiom the eui opium and gadolinium 
43ie bismutli still in solution is icmoved from 
the mother liquor by hydrogen sulphide, and the 
europium and gadolmium separated by further 
fiactionation of the tiltiate, the eui opium double 
nitrate being the first to crystallise from this 
solution (Demar^ay, Conqit. rend. 1900, 1.3Q^ 


1019, 14()9 , IJibain and Laeombe, tdtd. 1904, 
138, 627). This ciystallisation process is a 
satisfactory method for obtaining puie euro- 
pium, samarium, and gadolinium, and affords a 
nuxins of separating cpi an tita lively euroiiium 
and samaiium (rf Eberhard, Zeitsch. anorg. 
Cliem 1905, 45, 374 , James and Robinson, 
J. Amei (3iem 80 c. 1911, 33, 13G3). 

Europia {E 111 opium oxide) Eu^Og, obtained 
fiom the puiilied doulde salt, shows no samarium 
speetrurn, and only the strongest lines of gado- 
linium (I)emai(,ay, C/onifit. lend 1901, 132, 
1482) , it has a pale pink tint, but when produceci 
by heating the sulxihate at KiOO^, the colour is 
soimwvhat dccxicr 

Europous chloride EuCL is a colouiless 
amorphous substance, forming a neiitial solution 
111 watei, winch oxidises at 100 ° . 

12Ku0l2 + 3O,=8EuCl,4 2 Eu ,03 

Europium sulphate Eu2(804)3,8U30 foims 
palc-pmk crystals, stable 111 an and dehydrated 
completely at 375 ° ((4mpt rend 1904,138,627) 

The euic)])ium salts yield iiale-pink solutions 
and in stiong mtiic acici they exhibit an absorp- 
tion spectium consisting of eight somewhat 
faint bands 

The spaik s])ccii urn is chaiai teiistie, and was 
lust cibseivcd by Lei oij do Boisbaudiaii m that 
giviui by ciude saiiiaiia, thiee \ery intense lines 
m tiu" blue being asenbed by him to a new eaith 
Ze The leveision Sjieitiiim sliovvs the band 
A()15 lefciiod by de Boisbaudiaii to the eaith 
Zc((V>mpt rend 1893, 116, 674, 117, 199) 

'J’he most intense lines of the aio spectrum 
aie \eiy chaiacteristie, and constitute a delicate 
test loi eui opium, winch (an be thus identified 
in the crude oxuh's from mona/itc after ic- 
moving the cciium (Ebeihaid, Zeitsch anoig 
(3iem 1905, 45, 374) 'I’lic exathodo 
phoiesience Bpectrum oxliibits the anomalous 
lay lefeiicd by (hookes to the ‘meta-element’ 
Sfi Blue curopia, however, give no 
plioiescence spectium unless diluled with some 
otiici caith With linu* m tlie pKqioition 
KikO, 99C’aO, a ri'd pliosphoiesccmci^ is ob- 
si'ived, and similai efh'ets ai(‘ obtained on 
mixing (‘ino{)ia with alumina or gadolima 
Ali\tui(‘s witli exceso oi the I.ittei give a while, 
and with excess ol euiopia a led, jihusphoiesi cm (‘ 
(UiImiii, (‘omjjt it'iid lUOt), 142, 205, and 
Scv( nth (kmgicss of A])j>lied C'hmnistiy, 1909, 
section 10, 94) 

(fJltra- violet and aic speetia, v Lxncr and 
Haschek, Sitzungsher Wien Akad 1902, IJ a, 3, 
42, and Die Welleiilangen dci Bogeiispektia, 
1904) 

Euiojiium has beim dctceted speetioscoju- 
cally in the sun’s cliiomosplieie, in a-Bootis and 
in j8-(fommc)ium (Lunt, Bioe Roy 8oe 1907, 
A, 79, 118) a T M 

EUROSAMARIUM. An element detected 
by Edci, and occuiimg assi^ciatcd with cuiopium 
and gadolmium in mona/ite (8it/ungsbcr K K. 
Akad Wiss W ien 1917, 11a, 126, 473) 

EUSCOPOL. 8yn for inactive scopolamine 
Iiydiobromide 

EUSOL. An antiseptic, used m suigcry, 
consisting of a solution prcpaied by shaking up 
in 1 litre of water 25 grams of a mixtuie of 
equal weights of chloride of lime and bone acid, 
5..id filtciing ott the scd'mont ; the solution 
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contains about 0*54 p c. of hypochloioiis acid, 
and 1 *28 p c. of calcium biborate. 

EUSTENIN. Tiade name for an addition 
product of theobromine-sodium and sodium 
iodide 

EUSYNCHITE v. Vanadium. 

EUXANTHIC ACID, EUXANTHONE, and 
EUXANTHONIC ACID v. Indian YELLOW 

EUXENITE. A rare-earth mineral con- 
sisting essentially of columbate and titanate of 
yttiium and erbium, with smaller amounts of 
uranium, thorium, cerium eaitlis, non, &c 
(Crystals are orthoihombic, but aie very rare 
and indistmctfy developed ; the mineral is more 
often massive, with a blackish- blown colour and 
a brilliant pitchy lustre ; sp gr. 4 (5-5 1 , H 
In appeaiance and chaiac ter, it closely lesembles 
several other laro-eaith minerals, paiticularly 
polycrase, fi’om which it differs in containing a 
lower ratio of (CbjTajgOg Ti0> it is occasion- 
ally found in the felspar quarries at several 
places in the neighbourhood of Aiendal m 
Norway (r W 0 Biogger, Dio Mineralicn dor 
{Sudnoiwogisclien (Jramt-Pegmatitgange, 190(5) 
Also 111 the pegmatite veins of Madagascar, 
fooglegong in Western Australia, South Sher- 
biooke ni Ontaiio, <fee Named fjom ei/^eros, 
friendly to strangers, in allusion to the several 
lare-eaitlis it contains L J S 

EVAPORATION. The teim ‘ evaporation ^ is 
used m connection with technical or manufactur- 
ing operations when a luiuid is conveitcd into 
vapour, but in chemical manufactures it is 
generally limited to those piocesscs where the 
object is to separate a liquid fioin a solid which 
is chssolved in it, or to separate a more volatile 
from a less volatile liquid In cases wheie the 
liquid to be evaporated is one of the products of 
the process, and is collected by condensation, the 
process is known as Distillation {q v ) Where 
a solid substance contains water, not as water of 
crystallisation, and without presenting visible 
inoistuie or wetness, the process of removing this 
moistuio under suitable circumstances is known 
as Desiccation or Djiying (q v ). The opera- 
tion of evaporation, howevei, is conducted on the 
gieatest scale in the genciation of steam for 
steam engines, and in the pioduction of steam 
gcneialJy for manuf.ictuiing purposes Although 
more water is evaporated in connection with 
the steam engine than foi any manufactuiing 
processes, yet great quantities of steam aio 
used as a convenient means of applying and dis- 
tributing heat, especially when leg elated and 
moderate temperatures are required In such 
cases the heat is applied to the vessel to be 
heated by jacket spaces or thiough coils of pipes 
immersed in the liquid to be raised in tcmpeia- 
ture Such applications are made in sugar and 
confectionery manufacture, and in distilleiies, 
breweries, and dyeing, &c. 

Water and many other liquids evapoiate 
without the application of heat A vessel of 
water freely exposed at the ordinary temperatuie 
of tlio atmosphere soon evaporates and dis- 
appears This IS due to the fact that water 
vapour has a sensible piessure at ordinary tem- 
peratures, and as gases and vapours freely diffuse 
throughout each other, any water placed with 
a free surface in a confined space continues 
to evolve and diffuse its vapour until the 
water vapour present in the whole space is . t 


the maximum piessure which coiiespoiids with 
the temperature Although evapoiation occuis 
in this way without any application of inci cased 
temperature, yet heat is aosorbed by the \apour 
foimed fiom the liquid, and if the evapoiation 
be lajud and bo conducted under such ciiciim- 
staiiccs that heat fiom surioundmg objects is 
prevented fiom reaching the liquid, then its 
temperature will be greatly i educed This fai t 
IS illubtiated by the well-known lectuie ex- 
periment of placing a shallow copper cup filh'd 
with ether upon a block of wood, and undei it a 
drop of water When an is blown upon the ether 
it rapidly tvaporatos and caiiies off so much 
heat liom the copper that the water di op undei 
it IS liozen and the copper adheies to the wood 
A liquid IS said to be volatile when its vapour has 
a considerable prcssuio at oidinary atmosphoiic 
temperatuics At 20^, for example', the piessure 
of water vapour (or tension as it is somewhat 
inappropriately called) is 17 39 mm mcrcui\, 
whilst tlio pressure of cthei \ apour at the same 
temperatuie is 433 3 mm and that of ah ohol 
44 5 mm If the liquids be placed in alnio- 
sphercs whose picssuics could bo kept at tfu'se 
points by artificial means, then these liquids 
would boil As the evapoiation undei these 
ciicuinstances is vciy lapid, lelatively to the 
flow of heat to the liquid fiom suiioundjug 
bodies, if only atmospheiu tcmpeiaturc bo 
available, the heat is abstiactcd so quiikly that 
many luiUKls freeze 

Advantage is taken of tliese piopeitics tor 
many purposes in the use of an cm rents p.issfd 
over the sm faces of lujuids to evajioiate them 
without the ajiplication of other than natuial 
heat Kedm.ed prossuies are also apjilied to 
evaporate without heating or to reduce the teni- 
peiatuie necessary m ordei to avoid chemical de- 
composition and also to produc o cold mechanic ally 

Evaporation m steam boilers. The cvajioia- 
tivo cflicjcncy of tiie sti'am holier has been moie 
closely studu'd than that of any other type of 
evapoiatmg appaiatus, and the juinciplcs of 
the economical application of heat foi evajroia- 
tmg aic moio completely known in this cornu c- 
tioii than 111 any other 

The loading types of steam boileis now m use 
for the purpose's of motive power aie as follows 
Laiicashiic, (Joiiusli, Locomotive multitubulai , 
Maiino multitubulai, and Water-tube or tubu- 
lous types 

Obviously ill an aitido of tins characb'i 
detailed description of the vaiious types of 
boiler IS uncalled foi , the icatler is theiefoie 
lefeircd to the numerous text-books existing on 
tlie subject, such, foi example, as “ Steam- 
Boiler Construction,” by W S. Hutton; “Steam- 
Boilers, Their History and Devidofunent, ’ by 
11 H P Powles , “ vStcam- Boilers,” by C If. 
Peabody and E. F Miller 

Evaporation in open vessels, in many 
chemical manufactures it is necessaiy to ova- 
poiate ofl water m which the substance, the 
object of the process, is dissolved, and in siuh 
cases, when heat is to bo applied, it is desiiable to 
economise fuel to the gieatest possible extent 
The heat of waste gases is therefore used as much 
as possible The method of applying heat varies 
considerably with the chemical nature of the 
substance dealt with, and choice of economical 
apparatus is often limited by the coitcsivc natuie 
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of the lujuid to be evaporated Jn the process I 
of eoncentiatint^ od of vitnoJ fiom the ddute 
a( id, a bones of shallow open lead pans leceives 
tlu5 dduted aeid and heat is applied below The 
hot furnace gases are allowed to impinge upon 
the bottom of the vessel contaimng the weakest 
acid, and therefore lequiung the greatest quan- 
tity of heat for evaporation, and as the gases 
cool they imjiingo upon the succeeding vessels 
of stronger and stiongci aeid, lequinng less 
quantity qf heat until the acid has become as 
conoentiated as it is safe to trust to leaden 
vessels Instead of this jilan, in some cases 
the fuinaco gases aio pass(‘d over the suiface 
of the at id in ordoi to heat it fiom above, 
and the volume of gases in motion lemoves 
the vapour as fast as it is formed The ad- 
vantage of surface evapoiation aiises not fiom 
the faet of its being eionoimeal, because liquids 
aie heated witli ditiiculty fiom above. The hot 
lu^uid in contact with the gases evpands and has 
no timdency to cause convection currents, but 
rather remains stationary above the colder 
portions, and accord mgty it is always advLsable 
to heat fiom below when possible In many 
pioccsses, however, during evaporation, a deposit 
comes down and this, coating the bottom of the 
vessel, prevents the free contact of the metal 
with the liquid The lesistance to the passage 
of licat fiom tlie metal to the liquid is theieby 
much increased, and the bottom suffers lapid 
destruction fiom ovci -heating Jn boileis using 
very hard water tins is a fiuitful souiie of 
trouble and danger 

When suiface evapoiation is icsoited to, 
large suifaecs aie exposed m shallow tanks over 
which the dame and hot gases from a fuinaco are 
allowed to jiass The jians are covered m so 
that the ladiant heat from the biiekwoik assists 
the action of the flame and hot gases. Arrange- 
ments of this kind are used in evajiorating weak 
alum liquors, and the tanks aic built up of bucks 
bound together with a cement composed of lime 
and alum shale. Soinetimcs an open pan is 
pl<i( ed above the gases to contain the feed liquid 
and heat it in its piogtess to tJie (‘vapoiating 
pans 

Evaporation of brine. Bnnc is sometimes 
eva[)orated by allowing the liquor fiom the 
spiings to flow over masses of twigs in such a 
manner as to expose veiy extensive suifaees to 
the action of air cuiients , by pumping over a 
succession of these suifaees it is gradually con- 
cent rateil Wdien artiiicial heat is applied to 

the evajioration of biine, huge shallow salt jians 
aie used Idiey consist of flat quadrangular j 
v'cssels of plate non supported upon suitable 
buck walls, forming flues which distiibutc the 
h(‘at fiom fuinaces placed in the centio pait 
undei the vessel The flames stiikc diiectly upon 
the bottom of the vessel, and the hot products of 
eombiistion are conducted outwards by flues 
leading to the stack or chimney. In this way 
they tiaveise the whole bottom surface of the 
evapoiatmg ])ans. The pans aie of gieat area, 
often ()0 feet long by 30 feet wide. The water 
vapour IS collected by a large conical hood and 
(‘arried off by a separate chimney. The sides of 
the lower part of the cone are so constructed 
that they can be opened to admit air froi i the 
direction in which the wind is blowing. This 
assists tlie evaporation by carrying oflt the watoi 


1 vajiour generated and exposing the surface to a 
continual air curient. 

If licat enough to cause a liquid to boil be 
applied, an an current will not ineiease the 
evaporation, but will tend to diminish it b\ 
cooling the vessel containing the liquid ; but 
when the liquid does not reach the boilmg-pomt, 
the continuous removal of the atmosphere in 
contact with the hquid is necessary. If this be 
not done, then, so soon as the atmosphere has 
become saturated with the vapour, that is, so 
soon as the water vaiiour is jirescnt in quantity 
sufticient to pioducc the pressure which corre- 
sponds with the tcmjierature of Jic hquid, the 
evaiioiation ceases. 

It is a necessary conchtion of evaporation at 
tempeiaturcs less than the boilmg-pomt, that the 
atmospheie into which the evaporation takes 
Xilace should bo continuously renewed, and it is 
advisable that the air into which the water eva- 
porates should not bo of lower temperature than 
the liquid. When the temperature of the air is 
lower than that of the liquid, the volume of 
vaxiour earned off is much reduced, as the air 
must be heated by the vapour before it is 
capable of carrying off the volume equivalent ' o 
the vajiour jnessuie. IToduiei gas is used for 
evaxiorating the brine at Iselil salt works, and 
the opciation is conducted m deep rectangu- 
lar idate-iron vessels grouped together, and 
fed continuously by a system of distributing 
Xupes. 

Steam is much used to suiiply the heat ic- 
qiiiied for evaporation, esxiecially when the sub- 
stances to be dealt with aie of an easily decom- 
jiosable natiiie if overlieated. The heat is often 
applied to the vessel by means of a steam jacket, 
that IS, the vessel is made double walled, and the 
Intel space is utilised to receive the hot steam. 
When the tempeiatuio requires to be highei 
than 100^0, the jacket sjiacc is constructed to 
withstand pressure, and steam under boiler pres- 
sure IS suxiphcd, but steam is most commonly 
used at atmos^iheric jircssure and ajqihed to the 
h((uid by jiassmg through lows or coils of pipes 
imnuM^ed in it The arrangement of these 
jiipes vanes, and in some eases they arc so 
connected as to be capable of hingcing out 
of the vessels tor ready access and cleaning 
X)uri>oses. 

Milk IS now lajndly evaxioiatcd by sjuay- 
ing into heated air without laismg the milk 
tempeiatuie to such a xioint as would cause 
chemical change* 

Evaporation under reduced pressures. In 

j the older jnocesses of sugar manufactuie, the 
sugar hciuois were conccntiatcd by the dirc'^t 
aiixihcation of heat from a hie upon the vessels 
contammg them, but the greatest difficulty was 
exxierieneed in pi eventing decomposition when 
the solution became concentrated. To avoid 
this difficulty, the vacuum jian was introduced 
by Howard, and in various modified forms it is 
still used. The boihng-pomt of a liquid depends 
upon the pressure to which it is subjected, and 
by reduemg the jiressure the boiling -jioint is 
greatly rccluced. The vacuum pan consists 
essentially of a globular copper vessel containing 
the sugar liquor, and having the lower portion 
steam jacketed, while steam also passes through 
a coil of jHiie immersed m the hquid. The 
upper part of the vacuum i an carries a circular 
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steam dome or cylmder from which a pipe 
passes to a vessel intended to collect any liquor 
which may have primed over From this vessel 
it IS run back into the pan again An air pump 
exhausts the apparatus and passes the steam to 
a condenser of usual construction. Fig 1 shows 
a vacuum pan made by Messrs. Manlove, Alhot, 
& Oo. The vacuum pan a is formed in two jioi- 
tions bolted together. It is fed with liquoi from 
the vessel b by suitable cocks, the pipe connec- 
tions a, b being arranged to equalise the pressure 
within the vessel, so that the flow may bo 
towards a. 'She live steam is admitted at the 
valve c, and passes through coil d into the jacket 
E, from whence it discharges and drains % the 
pipe F. The cylindrical dome or cylmclci a 
prevents any great priming, but any liquid 
which may f\nd >ts way by the pipe h is caught 
in the cylinder i and returned to a by the ])i])e K 
Tlie pipe L leads to the air pump and condenser 



A thermometer placed m the upper jiart of the 
pan indicates the temperaiuie of the operation, 
whilst a vacuum gauge or barometer column is 
used to show the pressure within The boiling- 
point of the liquid at atniospheiie pressure is 
about 2r)0°F , and this is reduced to J.'iO^F by 
using the vacuum pan 

b’'ig. 2 shows a vacuum pan of modern con- 
struction, made by the Mii rices Watson ( )o , Ltd , 
of Glasgow. In this vacuum pan, the liquor is 
heated in the vessel n by coded steam jnjics h, 
and also by reason of its passing upwards through 
small tubes c, through a steam chamber, i/, the 
down flow of the liquor taking jilace through 
the central large tube e. In other respeits, 
the operation of this vacuum jian is similar to 
that shown m Fig 1. 

Evaporation under reduced pressure by 
triple and multiple effect. It is evident that as 
a liquor becomes more concentrated the boiling- 
point rises, and m evaporating liquids liable to 
chemical change by overheating, the pressures 
under which boiling is effected must be arranged 
to keep the temperature within safe limits. In 
the case of sugar liquor this safe limit is 227”F 
Steam at 5 lbs. per square inch above atmo- 
sphere has this temperature, and if it be applu'd 
to a pan containing a weak sugar liquor at 
atmospheric pressure, the liquor will boil. 

Neglecting losses by radiation and like 
causes, the st^am coming from it has the same 
amount of heat as was imparted to the liq 'or 
by the steam under slight pressure, and if it be i 


conducted to the cod and jacket of a second pan 
in which a slight vacuum is maintained, it will 
generate almost its own weight of steam at lower 
piessuic and temperature, and so evaporate the 
water fiom the second pan If the steam so 
generated bo Liken to the coil and jacket of a 
third pan, its heat can again be utilised to 
evaporate the liquor there, provided the vacuum 
is sufficient to allow it to bod This process 
may be continued until the oiiginal heat of the 
steam supjilied to the fust pan is dissipated by 
conduction and radiation 'kins is tlw' principk^ 
of the ‘ tnjde effect ’ apjiaratus, by whicli a great 
economy is effected m the amount of fuel needed 
to evaporate a given weiglit of liquor 'Idio 
steam fiom one pan at higlici pressure procei'ds 
to the cod and jacket of the next, and tlie si earn 
from the second proceeds to the cod and jacket 
of the third, the juessures within the pans 
proceeding in descending oider as well as tlie 
temperatures 

Fig 3 IS an illustration of a tuple-effect 
evapoiator of the ‘ Hagemann ’ type, con- 
sti noted by the Mirilec'S Watson fVi , Ltd , for 
concentrating sugar In this evaporator, the 
liquor IS fed through an internal jiiTforab'd 
pi))e D at the bottom of tlu^ vessi'l A, and the flow 
ol iKjjuid fiom vessel to vessel is automatically 
regulated by traps E, tlu' li(|uor passing through 
ihe vessels a, b, and v in turn, th(‘ rialuetion m 
pressure being so arranged that it is least in a, 
more consideiabk' m b, and greatest of all in c, 
so that the boiling-points aio lowei in eaeli 
siieceeding vessel The heating suifaco is ob- 
tained by means of a numbei of vortical tubes F, 
thiough which the liquor passi's, these tube's 
being arranged in a steam oi \apoin space, o. 
divided by horr/ontal baffle' plates ii The 
steam enters the steam space at the top above 
the upper baffle jilate, anti jiasses to the inte'r- 
meeliate and lower sjiare'S tliremgh a])(utnie'H m 
the baffle jilat'xs slightly larger than the tube's 
which jiass fhreiiigli the'in, the rush of steam 
thremgh the e)p('mngs lomovmg tlm watei of 
cemdensatiem fiom the surface' eif the* tubes, 
and improving the'ir e'fficieney Tlie ujiper 
pait of each ve'sscl acts as a sejiaiaior, ther 
vapour eseajimg, jiast a baffle j to j ire vent 
pinning, through an outlet K eitlu'r to the 
next effect or to the cemelenscr 

In the Kestnor ‘ climbing film ’ evaporate rr, 
one complete section e)f winch is illustiated m 
Fig I, vertical tidies aie also iise'd for the* 
passage of tlie liquor, hut they aie fewer anel eif 
gre'ater le'ngtli than in the appamtiis kist de*- 
scriboel Steam supplied through an inlet a to 
a jae'ket a causes ebullition of the liquor, sup 
plied to a tank (% releasing a volume of vapour 
111 the tubes D which occupies the ecmtial jiortion 
of each tube and oaiiies uji a film of the liquor 
on the internal surface A fixed baffle E, by 
moans of suitably shaped vanes, produces a 
whirhng motion of the liquor and vapour 
mixture as it emerges into the separator f, 
whereby the liquor is thrown outwards and 
drawn off through an outlet o, and the vajiour 
escapes, through a ‘ savc-all ’ ir, by an outlet j 
In another form the separator is jilaeed at tlio 
bottom of the appanitus, the li((uor, after 
p.issmg through the ‘ climbing film ’ tubes, 
being conducted thereto by a set of ‘ hilling 
I film ’ tubes also within the steam jacket b 




EVAPORATfON. 


605 


Any number of sections as doscnlied may be 
connected to form a multiple etleet apfiaratus, 
the liquor and vapour from the outlets o and j 
of one section being respectively led to the 
tank c and inlet a of the nc'xt 



The Yaryan evaporator. This ingenious 
cvapoiatoi is the invention of H T Y.iryan, 
of Ohio, U 8 A , and it is now laigely used in 
this country, the Continent, and America It 
utilLses evaporation under reduced pressures as 
with the triple elTccb and also multiple eftect 1 1 
differs fiom other inventions of the same class 
in the method of applying heat to the liijuid to 
bo evaporated, whereby the liquid is heatinl in 
small quantities at a time, and is brought into 
very effective contact with the heating surfaces 
Instead of using coils immersed in a liquid 
which IS also heated by jacketed surfaces, the 
heat IS applied by steam to the exterior surfaces 
of tubes, and the liquid to bo evaporated is 
pumped within these tubes The tubes aie 
arranged in straight cylindiical drums, and pass 
from end to end, terminating in chambers with 
partitions so placed that when the liquid is 
pumped in at one end of a senes it must pass 
through the whole senes before escaping into 
the separating chamber. Fig. 5 is a soctici of 


I one drum of the evaporator, showing that the 
, liquid IS jiumped in at one end, tiavels along m 
the direction of the arrows, and hnally escajics 
j with the steam wliuh is gisieiated into the 
I sejiarator Tlie tubes are divided into sections 
I termed ‘coils,' and eacli section consists of fine 
' tubes coupled at the ends so as to form a con- 
tinuous passage I’ho liquid and vapoiii pass 
from section to section in senes, ami so (oim‘ 
into etbstive contact witli the whole* suifaee 
, As the liquid is pumped in it evajioiates, and 
I the steam piodiK-(‘d cames it. foiwaid thioiigli 
tlie tubes, so tliat a mass of liijuid ami steam is 
brought in contact with ('vei\ paib of the* whole* 
berating surface*, moving at a higli veleaitv be*- 
' cause e)f tho steam geneiated, wlii< h has only^ 
f.lio one direction of escape, that is, tlnough 
tho wheilo system of tubes m eae*]i towaiels the^ 
se])aiator ^riici liqueii uneler treatment issuing 
fienn the last set of tnl)e'‘S intei t.ho se'paratoi 
hills to tlie bedteun, as she)wn in hig 5, a.ml the* 
VMponi using up Hows iii the eli!eetie)n of the* 
.ineiw te> tlie aU, when any liepieu enti.iinesl 

IS ea.ught elm mg its piss.ige* tlnough the* mimb(*i 
e>f small tubes witli wlueh this ve'SseTis litte*el. 


Citeh all 



I tho botfemi anel is ebamrel oil mte) a iee“e*ivei 
; This cnsurf'8 div v<i.pour being passeei on to the 
I cvajiorating shell of tlie next vessel, whe*ro it 
^ in turn boils t ho lie^uor w]iie*h is insieh* the^ 
J tube's, anel so on tlnough the* variems eff(*ets 
j until tho vapour fioiii tho last vc'ssel leaelies 
' tho eomlonser Tho aelvantages of this appa- 
ratus aro its e^commueal woikmg ami rapid thiw 
of tho liqmir under tieatimmt Only a small 
quantity of liejuiel is in llio appaiatus at ono 
time, and se) it is exposeel to heat foi a much 
shorter period than in tho oidmary vacuum 
pan, which is an impoTtaiifc point The appa- 
iatus avoiels entirely tlif) loss of eedour which 
always occurs to somo extent in t.lie olelci 
vacuum pans because of the long pe*iiod of time 
taken to evaporate tho largo quantity of liquiel 
they contain, amounting in some cases to 
thousands of gallons Tho Y.iiyan evaporator 
can bo started very i apidly, as it contains but a 
small mass to be hoatcel At tho same time*, 
the details are ai ranged to permit of loady 
access to tho tubes ami ready cleaning This is 
greatly assisted by the fact that the tubes aie 
straight Fig 6 shows a quintujdo-offect 
evaporator with its vacuum and auxiliary pumps 
in general use for soda ash recovery in paper 
mills, caustic soda, caustic potash, meat extract, 
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distillery refuse, and other liquids readily | 
amenable to concentration. 

According to the patentees of the Yaryan 
apparatus, their double effect will evaporate 



Fig 0. 


16 lbs. of water for every pound of coal con- 
sumed under the boiler, 23} Ids m a triple effect, 
30} lbs in a quadruple effect, assuming that the 
boiler is so oonstTuetod OvS to evaporate 8} lbs 
of water pri pound of coal 


The Yaryan appaiatus has, since its first 
introduction in 1888, been greatly improved m 
design and efficiency, and large sextuple-effect 
apparatus working on the Yaryan pnnciple have 
been constructed by the Mirrloes Watson Co , 
Ltd , for the distillation of fresh water from 
salt water, producing from 25 to 350 tons per 
day of 24 houi-s, ancl also for use in the Solvny 
process of soda manufacture in Europe and 
Ameiidi Fig 7 indicates the essential features 
of such an aj>])nahis foi the distillation of salt 
water Salt watc'i, jnevioiisly warmed by 
being passed through iusdcis, is sujiplied by a 
[upc A to heating tubes in the lowest evaporator 
itfl, and thence is passed in succession by means 
of pipes c through heating tubes in the remaining 
evaporators It has then reached boilmg-pomt, 
and is circulated through the evaporating tubes 
of the first evaporator Bj, to which boiler steam 
IS supplied by a pipe d 3’he mixture of liquor 
and vapour is conducted from the evaporators 
B,-Bg, to the respective separators Ej-e^, by 
pipes F, the outlets for the liquor and vapour 
from each separator to the next evaporator 
stage being by pipes o and h respectively. (Con- 
centrated brine is drawn off fiom the last 
.sepal ator by a jupi' j, and the cordensed 
fresh watei passes fiom stage to stage by pipes 
K, and IS finally drawn off through an outlet L 
In the Lillie type of evaporator the tubes are 



Fig 7. 


also arranged horizontally, but the steam is 
passed through them and the lujunr is allowed 
to hill over tlieir exteinal surface.s. 

Evaporation in mechanical refrigerators. 
A separate chiss of mechanical ref i igei ators 
exists m which the cooling or refjigerating effc*ct 
18 produced by eva})oiation J.Kjuids u<(‘d «iic 
ether, anhydrous ammoni.i, and anh\dious 
siCphur dioxide In all of these the ])uuHs^ of 
the inacbiiK is idintical The lohitde Injiiid is 


introduced into a fhnmber at a pressure at 
which it is liquid, ind the xajioni is lapully 
withdrawn fiom tin \(ss(d by a immp The 
rapid evaporation absorbs heat so quickly that 
the temperature bills and a brine or other liquid 
is cooled within a eoil of pipes immciscd in the 
liquid Jly (‘11 ( iilating this brine, ilu' low tem- 
jieiature may be utilrsed for reducing the 
temperature of a cold store room oi foi pio- 
diiciug ice 
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The vapour drawn off by the pump is com- l, 
pressed and cooled by passing tnrough tubes 
surrounded by water, and so becomes hquid 
again It is then injected into the evaporating 
chamber again, so that the process is practically 
continuous, and but slight renewal of the vola- 
tile liquid IS necessary to make up for small 
leekc^os. 

The same pnnciplo is applied in Carre’s 
freezing machine for freezing water. In this 
case the vapour is removed from the surface of 
the water by a pump and condensed by strong 
sulphuric acid. Ammonia is also utilised m 
another apparatus m solution in water for the 
same purpose. By alternate expulsion from the 
water and absorption, cold is obtained 

The rapid evaporation of liquid carbonic 
acid, air, aqd other bodies which are gaseous at 
normal temperatures and pressures, has also 
been used to produce low temperatures for 
liquefying the more permanent gases. D. C 
EVERNIC ACID and EVERNINIC ACID. 
Evemic acid, or leeanoric acid monomethyl ethers 
was first isolated by Stenhouse from the Evemia 
'prunasti (Annalen, 68, 83), and has been found 
u,lso by Hasso (Ber 1897, 30, 360) to exist in 
the Ra'^nahna pollinana (cj, also Zopf, Annalen, 
1897, 297, 271). 

The lichen is extracted with diluted milk of 
lime, the extract neutralised with acid, the 
precipitate collected, dried, and digested with a 
little boiling alcohol The hot alcoholic liquid, 
treated with its own volume of water, deposits 
crystals of evernic acid (Stenhouse) 

Eiernic acid crystallises m small colourless 
needles, mp 168”- 109®, readily soluble in hot 
alcohol, and when boiled with solutions of the 
alkali hydroxides or baryta water, gives (H)^, 
orcinol, and everninic and 

Ramalic acid suffers a similar decomposition 

Fischer Hler 1913, 4(5, 3253, and 1914, 47, 
505) showed that when evernic acid was methy- 
lated by means of diazome thane, in etheieal 
solution, a neutral erystallme ester identical 
with tiirnethyl-lecanoiic acid methyl ester was 
obtained, and he pointed out that, as the 
methoxy group in everninic acid is in the para- 
position to the caiboxyl group, the structure of 
evernic acid must be . 


For dascriptions of the Na, Ba, Ca, On, Pb, 
and Ag. salts of evernic acid, cf Hasse (J. pr. 
Chem 1915, [li J 92, 425) 

Diaceiyl- evernic acid Ci^H^gO^Ac^ is a 
crystalline powder, m p. 144® 

Everninic acid (orsellinic acid monomethyl 
ether) resembles benzoic acid in appearance, 
melts at 157®, and yields the ethyl ester 

C9Ho04(C4H,) 

m p. 72®. By digestion with hydriodic acid, 
eveininic acid gives orcinol, (4)_, and 1 molecule 
of methyl iodide According to Heiniicli (Ber 
1904, 37, 140(5), two foimuLe are possible foi 
everninic acid : 


CII, 


CII. 


( 1 ) ( 2 ) 

OCHjIs^OH 


Fischer and Hoosch (Annalen, 1912, 391, 347) 
have, however, shown that or<^elhmc acid a- 
methyl ether^ prepared by them, and which has 
the structure (2), is identical with everninic acid. 

This conclusion has been further substanti- 
ated by the synthesis of everninic aldehyde, 
m p. 6()®C (and from it of everninic acid) 
(Hoesch, Ber 1913, 4(>, 880), by the careful 
mcthylation of orcyl aldehyde with methyl 
sulphate, and 2N caustic soda in the presence 
of acetone This when treated with an acetone 
solution of methylchlorocarbonate, yielded 
mcthylcarhonato- everninic aldehyde, needles, m p. 
77®C , and the latter, when oxidised with potas- 
sium permanganate, was converted into methyl- 
carhonato-everninic acid, needles, decomposing 
at about 100®C , which on hydrolyses with N 
caustic soda solution yielded everninic acid. 

These changes may be rejiresented thus : 

OH, OH 3 

I ' I 

0 — CHO 

—OH CHjO- lJ_OH 

OH, 

I 

/\-CHO 

CHjO— tJ— 0 OO, OH, 


OH, 


OH, 




0011 


OH OH 

From this it follows that the isomeric ramalic 
acid {v. Ramalic acid) may be expressed cOs • 

OH, OH, 


HO- 


<I/-^o-o-<3-o^ 


OOH 


OOIR 


I 

OH 

OH, 


OH, 

I • I ■ 

or HO (^0—0— POOH 


OH 


OOH, 


OH, 

I 

0 ~OOOH 
—O 00, OH, 



Hesse (J. pr Ohem. 1915, [ii ] 92, 425) hac 
described the following derivatives of everninic 
acid : — 

Acetyl everninic acid CygHg04Ac, colourless 
prisms, m.p 111°0. 

Nitro- everninic acid, orange-red needles, 
mp 195°C 

Ihmtro-eveminic acid 09Hg04(N02)2lI^0 
golden-yellow needles, m p 87®C — the potas- 
sium salt 18 very explosive 
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Hesse’s expression (J. pr Chem. fii ] 57, 
253) of the isomerism of evernic acid and ramalic 
acid, and which was based upon the older formula 
of orsolhnic acid, is as follows : 


CO COOH 



CH 3 Cfl^ 

CO coon 



CH3 CH3 


A a J' <1/1(1 A. M E 

EVERNIIN V. Gums 

EVODIA MELIiEFOLIA. This tree, belong- 
ing to the Rnfaerfi\ is found in China and .lapiui, 
where its b<ark is largely emjiloyed in dyeing .ind 
m medioino It was fonneily descnlx'd by 
Loureiro as Pfrtoratpin /7ai;//s‘, but this on or 
was eventually corrected by R W .Scjuiro 
(Pliarm J 1SH8, |3] 18, 785), who sliowed it to 
be really Rrofha qlnma, wIik'Ii is synon^y inou.s 
with mclin folia By cju<\lit<itive t<‘.sts, Mail in, 

Tokio (Aieh Ph.iim I.SdS, Cl, 357) <ind Si^juiie 
{I c ) suspected the pie-iCSKS' of iivihinnCy and 
this eolouiing mattc^r w<is .subsequcuitlv isolated 
by Perkin and ifummel (Cliem So( Tians (>7, 
415) A O J> 

EVODIff C,,Tl.^(jO« A crystodline substance 
found in the irmt of Rvodia 1 utivcni pa^ UR(‘d in 
China and Japan in medicine .and pcrfumeiy 
First isol.ated by Keimal/-u by treatment of the 
dned fruits with ben/Ciio . m ]> 285' Insoluble 
in water, alcohol, etlua, and light petroleum, 
slightly soluble in hot ben/.ene, ethyl acetate, 
and chloroform, solubh* 111 acetic acid .iikI 
alkali solutions {cf Asahina «and Tshio, ,1 Pharm 
Chun 191(), Iviii ] 13, 5J) 

EXALGIN. 3’rade n.ame for methyl .acet- 
anilide {v SvNTiiF/rrc nuros; 

EXODIN V SvNTiiF' I'TC DKircis 
EXPLOSION, GASEOUS. W'dhin recent 
yeai’s the/ehas been an enoimous increase in the 
extent to which the internal combustion engine 
has b<‘en ut ilised, and there .aie now man\ millions 
of h p at work on this principle (Jas engines 
using coal g.as, producer gas, or blcast-furnace 
g.i-s, are now working foi all powers up to 2000 
h p per cylinder, and a large number of heav} 
Oil engines are also m nso Tn .addition, there 
are many thousands of petiol motors at w'oik 
In internal combustion engines working on 
the constant volume cycle, the motive power is 
produced by thcexplcjsion of mixtures of infl.am- 
mable gas or vapour and air in certain propor- 
tions, and the pressure produced by the explosion 
IS utilised to propel the jiiston of an engine, as 
IS done by the ste.xm pressure in ,a steam engine 
Seeing that a proper understanding of the 
phenomena assoeiatecl with g.ascous explosions 
IS necessary, not only for persons in charge of 
internal combustion engines, but also for those 
responsible for the safety of workers both m 
coal mines and in factories where explosive 
mixtures may be encountered or used, it is 
desirable first to consider gener’ally the pro- 
perties of such mixtures and the mode in which 
flame is propagated through them. At the 


outset, it should bo recognised (1) that, under 
given conditions of tempeiature and pressure, 
the “ lange of injlamnuwility ” of mixtures of 
any particular combustible gas and air (or 
oxygen) may be stnctly defined, so that all 
mixtures outside of certain ‘ lower ’ and ‘ upper ' 
limits are non-inflammablc ; (2) that the 

ifjnihon of .any given inflammable mixture at 
a ]).articular prc'ssure is determined by the 
.ittamrnent of a certain defin.iblo thermal (or 
electrical) condition at some point or region 
in it ; (3) that .after ignition the speed and mode 
of propagation of flame through (he mixture 
.ire usually ca])able of measurement oi analysis 
by wcll-est.iblished exjieri mental metliods , .and 
(4) that when such a mixture is inflamed in a 
closed vessel, the maximum pressiiio attained 
on explosion may be accurately determined. 
But notwithstanding the tiuth of this state- 
ment, it is needful to warn the re.adei against 
(Trors involved in the loosi' employment of such 
t('ims .as Kjmiion Iniipfialuref " .sprrd of la- 
flamnmiion ot jlamo propaqatioaf *■ pus, sine of 
fa plosion f etc , unless ihe com omit.ant jrhysjcal 
cncumst.inces are simultaneously defined 

A —TiJMTTOX PlIhNOMhXA 
Cfliemie.al change may be detiTmined m a 
g.asi'ous ex])losive mixture at a nnu'h lower 
tempciatuie tli.an is required to develop flame 
in it 'Phils, foi (‘xample, if electiolytic g.as be 
lie.at(‘d m an enrlosmo to a tempeiature some- 
what higher than 400°, f be form.ation of steam 
can usually be detected after a Lapse of a few 
days On gi.nlu.illy r.aising the temperature 
the late of mP'raction betAvc'cn tlii' hydiogen 
.wid oxygen i.ajndly mcre.ises until .at length a 
point would be leached when the r.ato at which 
heat is lost fiom the system {eg by conduction 
through the w.alls of the enclosure) is more th.an 
counter b.\ lanced by the rate at whuh it is 
developed by the interaction 'Phe reaction 
would then become self-propell.int 

The temper.iturc at which such autogenous 
(or self-propell.ant) reaction begins nr a given 
gaseous mixture is usu.dly termed its ‘ igni/ion 
tcnipcrnlure ’ or ‘ ignition point f although it is 
not ordinarily a well defined physie.xl constant, 
being d('])enclent, for example, upon the m.anner 
in which he.at is conveyed to the mixtuie It 
IS clear also that the ignition temperature, .as 
thus defined, does not necessarily coriespond 
with the appearance of flame in the mixture. 
'Piiero IS, indeed, usually a definite ‘ pi e-fiarnf ’ 
peiiod, the duration of which can be controlled, 
and which v.ancs considerably with the different 
g.as mixtures Only when a mixture is fired by 
adiabatic compression, and the pre-flame period 
IS negligibly short, can its ‘ ignition tenipfialure ’ 
be regarded .as .1 physic.al constant .and deter- 
mined with precision In most cases the ignition 
temperatures assigned to a series of gas mixtures 
merely give an approximate index of their 
‘ relative igmtibilitios ’ 

The Determination of Ignition Temperatures 
— Several experimental methods (of which three 
principal ones will be hereafter described) have 
boon used to deter mine the so-c.allcd ‘ ignition 
temperatures ’ of gases The results naturally 
differ according to the details of the method 
adopted, and must therefore be carefully 
ddP rcntiatod. 
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(1) A comtnon method is to pass succes- 1 
sive samples of a particular inflammable 
mixture into a vessel whose temperature 
IS gradually raised until the lowest degree at 
■which flame appears has been found In this 
way the ‘ relative ignitibilities ’ of a series of 
gas-air mixtures may be determined, and for 
such purpose the method is a useful one Thus, 
for example, one of us (RVW) has recently 
determined by ‘tins method the ‘ relative 
igmtibilities ’ of a series of methanc-air mi vtures, 
expressed in each case as tlie lowest tempeiatiiies 
of the particular enclosure requned to inflame 
each mixture, as follows — 

^^MSmip} 80 9 0 10 0 12 0 i;U) 

701« 707’ 713’ 720 ’ 731 

It may be noted, in passing, that the most 
ignitablo of those mixtures is not the one (9 45 
p c methane) winch on combustion gives the 
greatest heat development per unit volume, 
but rather those containing a con«?iderabh‘ 
excess of oxygen The method does not, how- 
ever, disclose the lowest tompeiatinc at whi( h 
a given mixtuie can be ignited, because the 
walls of the heated vessel, by inducing chemical 
combination on then surface, retard the actual 
appearance of flame 

(2) A better method (flrst employed by 
H B Dixon and H F Coward, Cheni 8oc 
Tians 1909, 98, 514), which to a large extent 
eliminates the effect of heated surfaces, consists 
in heating the combustible gas and the an (or 
oxygen) separately to a Imown tomperatuie 
and tlien allowing them to mingle, incie<ising 
the tomperaturo of each gas stream, pan ywvs?/, 
until their mixture results in flame The 
‘ Kjmtion iPhipeuitvic rangps ’ of some combustible 
gases, at atmospheric pressure, as determined 
by this method, are as follows — 


Combustible (bis 
Hydrogen 
(Jarbon monoxide . 
Cyanogen 
Ethylene 
Acetylene 
Hydrogen sulphide 
Methane 
Ethane. 


In oxygon 

r>80^-59()‘’(! 

6.37^ 058^ 

803^-818^ 

500^^-519" 

41(,'M40'’ 

220^-235'^ 

55()"''-700° 

520°-r)30‘^ 


Range 
lu .air 

580" 590°C\ 

850"-862^ 
rA2^^ rAT 
4(>0'’-440" 
34(>°-379‘" 
b.50°~750° 
520"-630^ 


These figures record for a given gas the lowest 
temperature at which any mixtuio of it with air 
or oxygen would inflame But they afford no 
information as to the effect of varying the 
proportions of the gas and air. 

(3) The tompciatuie pioduced by the 
adiabatic compression of a gaseous explosive 
mixture within a closed cylinder may be accur- 
ately calculated from the fundamental gas laws, 
and this method h.as boon successfully employed 
by H. B. Dixon and his co-workers for deter- 
mining the ‘ Ignition temperatures ’ of various 
mixtures of hydrogen and oxygen, as follows . — 


Mixture 

2H24~02 
2H2-f-202 . 
2H,+802 . 
2H;-f 160, 


Ignition Temperature as 
determined by Adiabatic 
Compression 
. 526°a 
. 511° 

478° 

472° 


According to Dixon and Croft’s determina- 
tions by this method of the igmtion-points of 
mixtures contaimng electrolytic gas, whereas 
successive additions of hydrogen or nitrogen 
progressively raise the ignition temperature of 
the undiluted gas by regular increments, as 
would be supposed, successive additions of 
oxygen, on the other hand, lower it, as shown 
m the following table — 

Tni: loNiTfON-rojNTS of Mixtures oontvini^o 
Euectrolytic (jI\s by Adi \b\tk’ Comi*rkssion 

(By H B Dixon and J M (hofts, 1911 ) 


b:ioctrolyti( Cas, 2iro 1 () 2 --r) 2 G" 



1 rll , 

+ J-N, 

-1 - 

r-=l 

544° 

1-1 5.37° 

1 

1 -2 

561° 

1-2 .549° 

1= 7 

a ^4 

602° 

r-4 .571° 

a = 15 

1 -8 

67()° 

i-S (>1.5° 


(52(i 

; 1 18a)° 

(.526-1- Ib)^ 


-- 







The obscived laismg effects of successive 
dilutions with hydrogen and nitrogen call foi 
no comment, save i/hat the i dative gie.iiiM effect 
of hydrogen, as compaied with nitiogen, may 
be attributed to its greater thermal conductivity, 
but the loweiing effect of oxygen is indeed 
pu//lmg. and its meaning can only bo conjcc- 
tuied Dixon and (Ji ofts liavc suggested that 
it may be duo oithoi to tlie foimation of some 
activ<‘ polymoiide of oxygi'ii under the (‘xperi- 
mcntal conditions (which simmbs doubtful), oi 
that the ccmcentration of oxygen in some way 
or othcT brings about mcieasecl ionisation of the 
combustible gas This at once raises the larger 
question of whethei or not ignition is a purely 
thermal problem, as until n^cimtly lias generally 
been supposed 

Ignition by adiabatu* compression is utilised 
in tho Diesel oil engine, and in gas engine 
piactice pro-ignition of tho chaigi' may take 
place dunng tho compiession stioke it too high 
a coraprmsion is employed Knowledge of the 
degree of compression required to ( ausc tho 
ignition of a particular gaseous mixture is, 
therefore, of considerable mdu&tiial value 

hpnfioii by a Soinrr of Heat of Short DukiIioh 
— This is a very common way of igniting ex- 
plosive mixtures in everyday jiractice, although 
up to the present experimental data regarding 
it are very meagre. It will be realised that if 
the inflammation of a large volume of gas is 
attem})ted by rapidly heating a small portion 
of it, the size and duiation of the source of heat 
employed, as well as its temperature, will be 
of imiiortancc, because tlu' effectiveness of any 
means of ignition depends upon whether or not 
tho volume of mixture first inflamed communi- 
cates by its combustion sufficient heat to the 
adjacent layer of mixture to inflame it m its turn 
In general, the shorter tho duration of the 
source of heat employed to ignite a given gas 
mixture, the higher must be its temperature. 
Unfortunately, until now this asiiect of tho 
question has been but little exploied, but the 
point may bo illustrated by some recent deter- 
minations of the ^relative 2(j7iihbiliti( ^ of 
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mixtures of various gases with air expressed in • 
the terras of the lowest temperatures at which 
a hot body of minute area must be raised in 
order to cause immediate ignition of the par- 
ticular mixture to which it was momentarily 
applied. Such temperatures have obviously 
only an empirical interest. 

Minimum temperature of 
hot body refiuircd for 
Oas immediate ignition by 

(Mixtures with air) momentary contact 

Hydrogen . . 747"(^ 

(Wbon monoxide , 0.‘1H 

Ethylene . , 1000'^ 

Coal gas . . 878® 

Petrol (Fraction 0-80®C.) 995® 

Benzene . . . 1002® 

Ether . . . 1033° 

Ignition by Ehctric Sparks, — It is still a 
matter of controversy whether ignition by 
means of an electric spark is a thermal pheno- 
menon, or whether there is simultaneous 
ionization of tlio mixture by the spark, the 
ionization playing a necessary and important 
part in promoting the combustion of the gases 
So far as the secondary discharge is concerned, 
ionization of the mixture between the electrodes 
undoubtedly prccciios the passage of the dis- 
charge , and it is possible that this preliminary 
ionization may rendei the molecules more reac- 
tive than usual towards each other J t is known 
that the ex[)osuro of some gaseous mixtures to 
a source of intense ionization causes their com- 
bination at quite low temperatures. The jioint 
of controversy would, therefore, appear to bo 
whether m the ignition of gaseous mixtures by 
an electric spark ionic rather than thermal 
phenomena predominate ; whether, in fact, an 
electric spark is more effective as an ionizer than 
IS a flame oi a heated solid. 

Insuflicient experimental woik has been done 
to enable a decision to be i cached on this matter. 
The character of the phenomena of spark igni- 
tion seems to differ from that of the phenomena 
of Ignition by the prolonged contact of a heated 
surface Thus, the type of curve that can be 
constructed connecting ‘ igmting-currcnt ’ or 
‘ s])ark-energy ’ with percentage composition of 
mixtures of any given inflammable gas with air 
differs from the typo of curve connecting 
Ignition temperatures, as determined by the 
first method described, with percentage com- 
position {sf’P Fig. 1). It may be, however, that 
this difference is duo to a large extent, if not 
entirely, to the short duration and small size 
of the electric sjiark ; also that the rapidity 
with which flame can travel in a mixture away 
from the source of heat becomes of impoitanco 
equally with the susceptibility of the mixture 
to Ignition when the source of ignition is very 
small and lasts but a short time. It may be 
noted that the sjiark ignition curve in Fig. 1 is 
nearly the inverse of the speed -percentage curve 
for flame m methanc-air mixtures described in 
the ensuing section of this article {see Fig 2). 

Lmih of Inflammability. — If the whole 
volume of a gaseous mixture bo raised to its 
ignition-temperature, as it is, for example, m 
the cylinder of a liiesel engine, it necessarily 
fol’ows that the whole of it is inflamed On 
the othei hand, the introduction into a gaseous 
mixture of a small source of heat at a tempera- 


ture considerably higher than the ignition - 
temperature of the mixture need not cause 
complete propagation of flame. 

It 18 well known that when a flame is intro- 
duced into a mixture of an inflammable gas 
and air containing but httle mflammable gas, 
a ‘ cap ’ or aureole is formed around the flame ; 
and that this cap is larger the greater the pio- 
portion of inflammable gas present. The coal- 
miner regularly uses this formation of a cap as 
an indication of the presence of firedamp in 
the workings of the mine It has been observed 
also that in a current of gas and air, poor m 
combustible gas, passing a lamp flame or similar 
source of heat, the cap or aureole may become 
separated from the burning body by which it is 
originated and be carried along for a limited 
distance, giving a ‘ cloud ’ of flame But 
unless this cloud were fed by some mixture 
richer in combustible gas than that in which 
it originated it would gradually die away In 
a uniform mixture of gas and air the flame 
could only be carried on automatically through- 
out the extent of the mixture if the inflammable 
gas were present m quantity above what is 
termed the ‘ lower limit ’ of inflammability. 

When a source of heat is introduced into a 
stagnant mixture of combustible gas and air, 
two things are necessary to ensuic propagation 
of flame throughout that mixture, namely, {a) an 
adequate means of ignition, and (h) a sufficient 
proportion of mflammable gas 

Supposing that too small a proportion of 
combustible gas is present, only a small quantity 
of heat per unit volume of mixture is generated 
when the layer surrounding the initial source of 
heat IS inflamed, and the products of com- 
bustion have to impart heat to a considerable 
volume of inert gases The number of collisions 
between molecules of combustible gas and of 
oxygen that are chemically effective is therefore 
small 8uch collisions, result ing m combination, 
will occur only in the neighbourhood of the 
initial source of heat around which an aureole 
will form of a size dependent on the nature and 
quantity of the combustible gas present. 

As the projiortion of combustible gas is 
inci cased a proportionately greater quantity of 
lu'at IS evolved per unit volume of mixture, 
and a smaller quantity of inert gases is jnesent 
to absorb it At length a point is reached when 
the amount of heat contained in the products 
of combustion of any given layer is pist suffi- 
cient to raise the adjacent layer to its ignition 
teniperatuie. Flame is then jiropagatcd pro- 
gressively throughout the mixture without any 
necessity for the continued presence of the source 
ot heat which started the inflammation, and the 
mixture is said to ‘ inflame ’ or ‘ explode,’ 
according to the rajudity of the propagation. 

To ensure propagation of flame throughout 
the mixture, therefore, it is necessary for the 
initial source of heat to be of a volume, intensity, 
and duration sufficient to raise the layer of gases 
surrounding it to the ignition temperature of 
the mixture, and for the heat contained m the 
products of combustion of this first layer to be 
sufficient to raise the next layer to its ignition 
temjierature, and so on. An inflammable 
mixture can be defined as a mixture m which 
flame can spread to any distance, independently 
c', and away from, the original source of ignition 
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In the case of mixtures of any particular i 
combustible gas with air (or oxygen) there are, 
under given physical conditions, certain limits 
of composition within (but not outside of), 
winch self* propagation of flame will take place 
after ignition has once been effected. These 
hmits, defined in terms of the percentage of the 
combustible gas present, are usually referred 
to as the ‘ lower ’ and ‘ higher ’ limits of m- 
flammability of the gas under the given con- 
ditions. For any particular gas they differ 
shghtly with the iiosition of tlio source of 
Ignition, since the progress of the flame may bo 
assisted or ‘retarded by convection-currents 
dependent upon whether it has to jiass m an 
upward or downwaid direction. For example, 
with mixtures of methane and air and of acetone 
vapour ami air the limits, expressed as iier- 
centages by volume of the mixtures, are as 
follows for upward, downward, and horizontal 
propagation of flamo : — 

Lower limit 


Methane 

Acetone vapour . 


Upward 
5 40 
2-15 


Downward Horizontal 
() 00 5 10 

2 35 2-20 

Higher Limit 


Upward 
14 80 
0 70 


^ 

Downward Hori/ontal 
13 40 14 30 

8 50 9 50 


Metlianc 
Acetone vapour 

The limits of inflammability of a number of 
gases and vajiours, mixed with air at atmo- 
spheric temperatuie and pressure, aie given m 
the table that follows. For all but hydrogen and 
carbon monoxide the ciiterion of inflammability 
adojitcd for the detciminations was propagation 
of flamo thioughout a 22 -htie sphere, ignition 
being at the centre. The figures for hydrogen 
and carbon monoxide lefer to upward piopaga 
tion of flamo. 


Gas 

Lower limit 

J) c. 

Upper limit 
1> e 

i lydrogen 

. 4 1 

715 

Caiboii monoxide. 

. 125 

73 0 

Methane 

. 5 () 

14 8 

Ethane 

3 1 

10 7 

Propane 

2 2 

74 

Butane 

. 1 7 

57 

Pentane 

. 1*4 

4 5 

Ethylene 

3*0 

22 0 

Acetylene . 

. 3*3 

52 3 

Vapour 

Lower limit 
p.c. 

Upper limit 
P c 

Benzene 

. 1*5 

5 6 

Toluene 

1 4 

54 

Ethyl alcohol 

4*4 

— . 

Methyl alcohol 

. 6*5 

24*0 

Ethyl ether 

. 20 

5*0 

Acetone 

. 2 25 

96 

Carbon disulphide 

. 4*2 

— 

Petroleum benzine 

. 1*1 

3 8 

Gasoline 

. 1*5 

5*3 


Thz JEffect of Tempetatare. — Fioin what has 
been said in the preceding paragraph, it is 
evident that the self-propagation of flame through 
a mixture is, in principle, dependent on the 
temperature that the portion of the mixture 
which IS burning can impart to the portion 
which is about to burn, from which it follows 
that the higher the imtial temperature rf the 


mixture the less dependent is the propagation 
of flame upon the heat generated by combustion 
Hence the effect of mcieasing the imtial tem- 
perature of mixtures of an inflammable gas and 
air should be to widen the lango of inflamma- 
bility, lowciing the lowei, and raising the higher 
limit 

Thus it has been found experimentally that 
a piogicssive incioaso in the initial temperature 
of mixtures of methane and air from 20'' to 700° 
caused a corresponding decrease in the amount 
of methane requiied to enable self-[)iopagation 
of flame to take place from 0 00 to 3 25 pc 
(downward propagation) ISimilaily, the higner 
limit was raised gradually from 13 40 p.c at 
20° to 10 40 at 1)00° 

The Effect of Ere^snue — As exemplifying tlie 
influeiiec of the initial piessuro of gaseous 
mixtures upon tlieir limits of inflarnmabihiy, 
the case of mixtures of methane and an may 
be cited. A reduction of the imtial pressuie, at 
20°0 , from 760 to 380 mm has but little effect 
on the limits ; but below a pressuie of 300 mm 
mercury the effect is marked, the hunts nan ow- 
ing lapidly until, at a piessure of 120 mm no 
mixture of methane and air is capable of self- 
propagation of flamo (downwards). On the 
other hand, an increase of piessuro above 7f)0 
mm slightly raises both the lowei and the 
lughci limit, the liguies at 6 atmospheres being 
G 40 and 14 05 p c of methane icspcctively, for 
downwaid propagation of flame 

The lower limit with mixtures of hydiogen 
and an\ and of eaibon monoxide an<l an, is also 
raised by inci casing the initial pressuie above 
760 mm , but with these two gases the higher 
limit IS lowered 

Mixtaus of Inflatnniahle Gcu^ie.'i — In the case 
of a mixture of inflammable gases such lus coal 
gas, a general foimula is available by means of 
which its limits of inflammability with air may 
be calculated if its composition, and the corie- 
sponding limits of the individual gases aie 
known If a, 5, r, . aie the relative pio- 
portions of its components, and A, B, C, 
their respective limits of inflammability, then 
L, the limit foi the mixed gases, is given by the 
equation ; — 

T ... 

^-TTT-r- • 

A+B+C+ • • 

This relationship holds both at the lower and 
the higher limit It implies that if a limit- 
mixtuio with air of one inflammable gas is mixed 
in any pioportion with a limit- mixture with air 
of another inflammable gas, a limit- mixture 
results 

It has been ncce,ssary to emphasize the fact 
that tins foimula refers to mixtures of com- 
bustible gases with air, for the reason that the 
presence of any considerable quantity of an 
umnflammablc constituent, such as nitiogcn, 
in the commercial gas would naiiow the rangq 
of inflammability, just as the range for a pure 
gas is nai rowed if the oxygen-content of the air 
is reduced. 

The effect of Incomhusttble Oases — The effect 
of a reduced oxygen- content of the ‘ air,’ or of 
the presence of inert constituents in the ‘ com- 
bustible gas,’ 18 more marked at the higher 
than at the lowef limit. Tins is well illustrated 
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by determinations of tho limits for mixtures of 
methane with ‘ atmosxjheres ’ containing different 
proportions of oxygen. These determinations 
afford an index of the general effect of ' inert * 
gases on tho limits of mllammable gases in 
general when the actual data are not available , 
the effect of carbon dioxide is rather moie 
pionoimccd than that of nitiogen. 


Atmospheie Methaiie—p c 


Oxygen 

J'Jltrogeii 

Lowei limit 

Higher limit 

20 00 

70 10 (an) 

5 00 

14 82 

10 22 

80 78 

— 

12 93 

18 00 

81 70 

— 

11 01 

17 00 

85 00 

5 80 

10 55 

15 82 

84 18 

5 83 

8 0(> 

14 8(3 

85 14 

() 15 

8.3(3 

13 00 

8(3 10 

(3 35 

7 20 

13 45 

8 () 55 

() 50 

0 70 

13 25 

8(3 75 

No mixture capable of 


piopagating flame 

Speed of Ptopagalwti of Flame — Dining tho 
uopagation of flame in any ‘ limit ’ niixtuie, a 
lalance is struck between heat generated by 
combustion and heat employed in staiting com- 
bubtion, together with lioat lost by conduction 
and radiation 'J’heorotically, thercfoie, pro- 
vided that tho amount of energy imparted to 
the system by the mitial source of igmtion is 
small, so that no ajipicciable impetus to the 
piopagatiori of flame occum near the souice of 
Ignition, flame should tiavel in a limit-mixtuie 
at a uniform s])eed Tins is found to bo so in 
practice , the speed of tho flame is slower m a 
limit mixtuio for downwaid than m one for 
upwaid propagation , but under cithei condition 
it IS quite uniform tliioughout the extent of tho 
mixtuie 

It is otherwise when tho propoition of in- 
flammabD gius lies at some intcimechato point 
bctwc'cn the limits , that is to say, when the 
imxtiiic IS such that one layer on buining is 
capable of imparting to tho uninflamed layer 
adjacent to it a temperature higher than the 
igmtion-tcinpeiatuio of tho mixtuie Tho 
phenomena of piopagatioii of flame in such 
mixtuies aio dopc'iident m a maiked degree 
upon tlie conditions undei which ignition is 
cireeted, so that it is necessary when speaking 
of tho piopagation of flame through them to 
specify exactly those conditions 

When Ignition of a nuxtuio of combustible 
gas and air h«w b(3en elTected at tho open end 
of a long tube which is closed at the other end, 
tho flame can be jiropagatod m two principal 
ways, namely, (u) by transmission (by ladiation, 
conduction, and convection) of the heat de- 
veloped by tho binning of one layer of gas to 
tho l.iyei adjacent to it , and (6) by the trans- 
mission of .1 suflieientl^ high piessure 

Aceoidmg to the first mode of jiropagation, j 
the flame travels along the tube at a umform 
s,^)Ocd foi a ccitain distance, and then develops j 
vibrations, swingmg backwaid and forward 
with oscillations of increasing amplitude. The 
mean speed of the flame during tins vibratory 
movement, which compnses a scries of compres- 
sion and rarefaction waves, is usually greater 
than the speed of the uniform movement. 
According to the nature of the mixture, either 
the*^ vibuitions may continue to the end of the 
tube, or the flame may beetle extinguished , 


I during a particularly violent vibration {e g. 
during rarefaction) Or again, a sudden per- 
manently greater enhanced speed of flame may 
be developed as the result of the second mode of 
propagation coming into play (during a com- 
piession). 

During this second mode of propagation 
each layer of gas is compressed so suddenly 
that it 18 laised beyond its ignition iempeiaturo 
by the heat of compression, and in burning it 
eoniprcjsses in turn tho unburnt layci in fiont 
of it As alicady stated, the speed of the flame 
during this mode of })iopagatioii is permanently 
enhanced , it is, m fact, tho maximum speed 
attainable by the flame and is a physical constant 
for each mixtuie of gases The phenomenon is 
tcimed the ‘ detonation wave ’ 

When Ignition takes place at the closed end 
of a tube open at tho other end, the flame 
travels at a rapidly increasing speed towards 
the open end If the tube is long enough, the 
flame may eventually assume a vibratory 
chaiacter and the detonation- wave may be 
developed. . 

\Vhat has been said in this short summary 
lefeis only to mixtures of a combustible gas 
with air , mixtuies with pure oxygert behave 
somewhat differently With legard to tho latter, 
it may be stated that, m general, (a) the prelimi- 
nary period of uniform movement is shorter, {h) a 
lapid acceleration follows, and (c) this is imme- 
diately succeeded by the detonation-wavo 
without any vibratory movement taking place 

Of the different phases in the piopagation 
of flame in mixtuies of gases, tho two regarding 
which most information is available are tho 
‘ umfoim movement ’ and the 'detonation uaved 
Some f ui ther account of these will now he given. 

The Uniform Movement — Tho initial slow 
propagation of flame that takes place when an 
inflammable mixture at rest is ignited at a point, 
IS usually regarded as controlled by the trans- 
feience, by conduction, of the heat developed 
by tho combustion of tho mixture immediately 
surrounding the point of ignition, whcicby 
successive contiguous portions of the mixtuie 
aie raised in temperature until chemical action 
becomes rapid The initial speed of propagation 
of flame in a given mixture away fiom tho point 
of ignition should mainly depend, accordmg to 
this view (a) on tho conductivity for heat of the 
unbuint mixture, and (6) on the velocity with 
which a modciately heated layer begms to react 
clicnucally and so to use gradually in teinpeia- 
tuie , or, m other words, on tho rate of change 
j of loaction velocity with temperature 

Under ceitam conditions, with all inflam- 
i mable mixtures of gases and air at atmosphciic 
[ temperatuie and piessure, the initial slow pro- 
pagation of flame can bo maintained at a 
umform speed over a considerable distance of 
tiavel from tho point of ignition. The conditions 
most favourable, or perhaps even necessary, to 
initiate and maintain this ' unifoim movement' 
of flame are (a) that tho inflammable mixtuie 
should be contained m a long straight tube open 
at one end and closed at tho other ; and {b) that 
Ignition should bo at the open end by a source 
of heat not greatly exceeding m tempciaturo the 
igmtion temperature of tho mixture, and not 
productive of mechamcal disturbance of the 
mixture. The speed of the umform movement 
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thou dej[)oncls on tlio composition of the mixture 
(prcMiDiod to ho at atniospheiic tcmj)cratuie' 
and presBuie), and on the diametei of the tube 
in which it is containecJ 

With a tube of a given diametci the speed 



Fro 1. 

of the uiiifuim movement of llamo in a tuixtuie 
can be regaided as definite jdiysical constant 
tor tliat mixtmo, and its measuicment is of 
considerable v<iliic m ('nabling a ludi^mcnt to 
foi rued of the behaMour of the mivtuie iiiicki 
noirnal conditions ot burning 


In Fig 2 arc shown speed -jicicentage curves 
for the uiiifoim movement of flame in imxtiues 
of some of tire common combustible gases with 
air ovei tlic whole range of inflammability for 
each gas All fho ‘measuieinents were made in 
a tube ot 2 h cm inteiiial ciiamcter, so that they 
aie btiictly compaiable one with another 
Apait fiom the striking ditfereiiccs in the speeds 
obtainable in different gjxscs displayed by this 
diagiam, a noticeable feature of the cuives is 
the fact that with each gas the maximum speed 
IS obtained not, as might pci haps be c^xpecti'd, 
with the theoretical mixtuie for complete com- 
bustion, but over a rango of mixtures containing 
an excess of inflammable gas. 

The extent to whicli the speed of the unifoim 
movement is affected by the si/,e of flie tube 
along which the hamo tiavcls has been dctei- 
mmed foi mixtuies of methane and <ui 'Ilie 
lesults aie iccorded in Fig 3 Foi all piactical 
puiposcs it can be assumed f-liat the speed ot 
the uuifoim movement of fhnne in mixtuH*s 
with air of gases other than metliane will be 
affected to a similar di'gieis so lliat the absolute 
“jpiH (Is of the flames in pipes 30, (>0, and 90 cm 
in diameter will be lesjxx tively about 2 h, 3, 
and 3 5 times as gicat as tJie speeds lecoided 
in tlie 2 5 c in tube (Kig 2) 

It should be noted that tlu* uniform speeds 
of tlie fl. Miles in tubes of large diametci (gicatcr 
than 10 cm foi inethanc-aii nii\tuu*s) aio not, 
stiietly spcM/kmg, those of the ^ uniform 'iuok’- 
/m/d’ as pieviously defined, since tliey aie not 
eoiitiolkd sohdy by conduction of iieat. A 



Ci^mbusl/bJe g<J6, pc/ ce/it /n o/r 

Fid. 2. 


second factoi, namely, convection, comes into ' unifoim movement of flame for any complex 
play when the tubes are large, and 18 lesponsible , gas mixed with an, fiom a knowledge of its 
for the enhanced speed of flame. composition and the maximum speeds of each 

MixLmes of Inflammable Ga.scs — ^It has been i of the components. The cxpiession is — 
found that a similar expression to that used foi i 

calculating the limits of inflammability of mixed I g— ■ , — . (ii ) 

combustible gases can be emploved to determine, j " i ^ ^ ^ . 

with fair accuracy, the maximum speed of ! Sa * S& ‘ Sc 
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m which S 18 the speed required ; a, b, c .. . maximum speeds of flame in mixtures of the 
the proportions of the different simple consti- individuals with air. 

tuents in the complex inflammable gas (coal- | Formula (i ) can bo used also for determining 
gas, for example) ; and S», Sft, Sc . . . the 1 the composition of the mixture of the complex 



4 6 8 10 12 14 16 

Methane in air, per cent 

Fio. 3. 


gas and air in which the speed of the uniform 
movement of flame will be greatest, and 
formula (ii ) for detenmmng the speed of flame 
m the limit-mixturcs, and (though with rather 
lass accuracy) in the mixture contaimng the 
gases in theoretical proportions for complete 
combustion. 

The value of these formula) will be appre- 
ciated if reference be made to Fig 2, whciein j 
are recoided, for comparison with the simple 
gas-air imxtures, the speeds of the uniform 
movement of flame in mixtures of the composite 
gases CH4-fH2 and 3CH4-)-H2 with air as 
determined by actual measurement in a tube 
2 5 cm. in diameter. It will bo seen that the 
gas with the lower speed of flame and the 
smaller range of inflammability (methane) has 
the predominating influence in deciding the 
magmtude of these constants for the mixed 
gas 

Tht Effect of Inccmihuslihle Oases — In 
addition to res trie tmg the limits of inflamma- 
bility, the presence of an incombustible gas 
mixed with the combustible gas has the effect 
of reduemg the speed of flame in anv of the 
mixtures with air. This effect is illustrated 
in Fig. 4, which shows the speed -percentage 


! curves for the uniform movement of flame in 
mixtures of methane with nitrogen-oxygen 
I mix bill es containing less oxygen than air, the 



curve for air-mixtures being given for com- 
parison. This diagram shows also the effect 
of nitrogen in reduemg the range of inflamma- 
bility and establishes the fact, theoretically 
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(lcdiicj])Io, tliat the spoerl of tTa\f] of (la mi' o 
the ''.uno m all limii-inixtuK's lloil. (onij)Jis(‘ 
the haine constituent gases The expciinients 
from which these curves are constructed weK‘ 
made m a tube 6 cm in diameter, so that the 
speeds are not directly comparable with those 
recorded in Fig. 2. 

B. — Development of ‘Detonation* in 
Gaseous Explosions The Explosive 
Wave and ‘ Retonation ’ — Ratio op Ex- 
plosion 

It was ir the year 1881 that Berthelot and 
Vieille, and independently also Mallard and Le 
Chateher, announced the discovery of the rapid 
acceleration of the initial velocity of mflamma- j 
tion in the progres.s of gaseous ex- 
plosions and the final attainment of 
the enormously higher constant velo- 
city of the ‘ explosion wave.* Since 
that date, the phenomena associated 
with the development of ‘ detona- 
tion ’ and the propagation of the ex- 
plosion wave has been extensively 
sturhed m this country by H. B 
Dixon and his eo- workers. 

Mallard and Le Chateher devised 
a photographic method for investi- 
gating the initial phases of gaseous 
explosion, and the development of 
detonation, which consisted m record- 
ing on a sentitised plate, moving at a 
known velocity on a vertical plane, 
the movement of the flame as it 
travelled along a horizontal glass 
tube A graph compounded of the 
two velocities was thus obtained 

II B Dixon’s experimental method 
consisted in photographing the explo- 
sion flame travelling along a hori- 
zontal tube on a highly sensitive film 
rotated vertically with a constant 
high velocity (varying, however, be- 
tween twenty- five and fifty metres 
per second in (hlTeront experiments), 
the explosion tube being placed at 
such a distance from the camera that 
the size of the image was about one- 
thirtieth that of the flame In this 
way it was found possible to analyse 
the progress of an explosion from its 
point 01 ongm up to the final attam- 
mont of its maximum force and velo- 


uui'-ibh' Kuuprcssion wave's in heilii fhieetions 
along tho lube, wbuh tiavel in ad\ciiKc' ol the 
llauK' wilh f]i(' \('locity of sound through the 
uninnnt gases, an represented by the dotted 
lines oM, ON in the diagram. The ilamo 
itself, tiavellmg at first more slowly than llu' 
compression waves, tiaccs the curves oa and 
OB. The compression wave on, on reaching^ 
the closed end of the tube, is reflected back again ' 
as Nc, and, on meeting the flame (which is still 
travelling in the direction oa), retaids it, and 
passes thenco thiough tin* liot and probably still 
burmng gases as the Msible wave c’d An 
instant later it ovcitakes at d tlu' front ol <lie 
flame, tiavellmg in the direction oii, tlu'K'by 
accelerating it ,ind meren.sing its luminosity m 




city in ‘ detonation.^ The investigation also 
included the discovery of the wave of ‘ rctona- 
tion,' which IS thrown back through the still 
burmng gases from the point where detonation 
starts (a phenomenon also discovered by Le 
Chatelier independently in 1900), of the effects 
of collision between two explosion waves, and of 
the passage of reflected waves through the hot 
products of explosion. 

The phenomena associated with the develop- 
ment of an explosion in a gaseous mixture, fired 
in a closed tube by a spark passed between wires 
a few inches from the dosed end, are very clearly 
shown in the photograph repioduced m Fig 5 
which IS analysed in Fig. 6 This photograph 
was taken duiing an expenmont m winch carbon 
disulphide was exploded with a quantity of 
oxygen represented by the expression CS2-f-502. 
The flame in sta^'tmg at the point o, sends 


consequence of the quickened combustion. The 
flame then continues to move forward with 
rapidly accelerated velocity until ‘ detonation ’ 
is set up at the point e At this point a strongly 
luminous wave of compression eo (the ‘ re- 
tonation wave ’) is sent backwards through the 
still burning gases, which, on reaching the near 
end of the tube, is reflected back again as gh 
The detonation ‘ wave ’ ei<’ passes onward 
through the mixture with its characteristic 
uniform high velocity and intense luminosity 
Fig. 7 IS a similar photograph showing tho 
development of ‘ detonation,’ and the pheno- 
menon of ‘ retonation ’ in the case of mixture 
of cyanogen and oxygen (C 2 N 2 +O 2 ) fired near 
the closed end of a tube. 

Except in special circumstances (egr. wh?n 
it is reinforced by another reflected wave) the 
velocity of the retonation wave is always 
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jnforior to that of detonation , thus Le Chatelicr 
gives 2090 metres per second for the ‘ detonation 
wave ’ and 23IK) metres per second for the 
‘ retonation wave ’ m an equimolecular mixture 
of acetylene and oxygen Wlien, however, the 
‘ retonation wave ’ is d^ vtlupid just at the closed 
end of a tulx {f </ wIku the explosive mixture 
18 fired at such a distance from the closed end 
that ‘ detonation ’ is set up just as the flame 
ai lives at the end) it may bo reinforced by a 
reflected wave, m which case its velocity cannot 
bo distinguished from that of a true ‘ detonation ’ 
The explanation of the intense luminosity of 
tfic letonation wave, and its higher velocity 
than sound Ihiough llu' exploded gases, is to bo 
found in IIk' f.n t that t)i(‘ combustion during 
the initial stages of an explosion is very much 
slower than when 
detonation has been 
set up Under the 
extreme conditions 
of ‘ detonation ’ the 
temperature of each 
successive layer of 
the explosive mix- 
ture IS suddenly 
raised to the ignition 
point by adiabctic 
compression, and it 
IS probable that a 
large proportion of 
collisions between 
chemically opposite 
molecules are fruit- 
ful of change. The 
whole combustion is 
probably completed 
in an immeasurably 
short interval of 
tune, as the result 
of a comparatively 
limited number of 
siiceossive molecu- 
lar collisions But 
during the initial 
period of the ex- 
plosion (‘ inflamma- 
tion ’) not only is the 
flame propagated 
with a much slower 
velocity, but also 
Ek; 7 the actual process of 

combustion is much 
more prolonged than in detonation, and at the 
moment when detonation is set up combustion is 
still proceeding in the layera of gas for some dis- 
tance behind the flame-front The ‘ retonation ’ 
wave, in passing backward through these layers, 
quickens this residual combustion, and is itself 
thereby rendered highly luminous This inter- 
pretation IS supported by the repeated obser- 
vations of Dixon, that the collision of two flames, 
in neither of which ‘ detonation ’ has been 
determined, will frequently give nse to reflected 
waves more rapid and more lummous than the 
incident waves There can be little doubt as 
to the important part played by reflected waves 
in determining the violent shattering effects 
associated with gaseous explosions on a large 
s^ale. 

The, Exploston Wave — Berthelot and Vieille, 
in announcing their discovery of the develop- 



ment of detonation ‘ (I’onde explosuc ’) in 
gaseous explosions, described it as ‘ une ceriaine 
surface rtgulaire, oil se developpe la transforma- 
tion, et qui realise un mhne itat de combinatson, 
de temperature, de pressure, etc Cette surface, 
une fois prodmte, se propage ensuite, de couche en 
couche, dans la masse tout eniikre, par suite de la 
transmission des chocs successifs de^ molecules 
gazeuses amenLes d un etat vihratoire plus intense 
en raison de la chedeur digagee dans leur com- 
hinaison, et transformies sur place, ou, plus 
eaxuUement, avec un faible deplacement relati. 

. . ’ Such conditions are comparable with 
those of a sound wave passing through the 
gaseous mixture, with, however, the impoitant 
difference tliat, whereas a sound wave is piopa- 
gatedfrom layoi to layei witli a small coin pi es- 
sion and a veloofoy solely by the 

physical condition of the vibiating medium, it 
IS an abnijit change in chemical condition wliu h 
is propagated in the explosion wave, and whnh 
generates an enormous force as it passes thiough 
each successive layer of the medium. 

In then experimental woik Berthelot and 
Vieillo proved that the velocity of the explosion 
wave IS independent of the lengtli of the column 
of gas traversed, and of the material or oiameter 
of the tube employed (at least above a eertam 
small limiting aiamet('r) ft is also immaterial 
whether the tube i.s laid out straight, coiled 
round a drum, or even zigzagged They also 
concluded that the velocity is mdependent of 
the imtial pressure,' but this is not strictly 
correct, as H B Dixon has since shown The 
rate increases slightly with the initial pressure, 
attaming a nearly constant value at a pressure 
of about two atmospheres 

It must be understood that when detonation 
is once determined m a particular explosive 
mixture, the wave is propagated with constant 
velocity {i.e. for a given initial temperature and 
pressure), which vdocity is indeed an important 
physical constant for the particular mixture. 
The following ‘ rates of explosion,’ as determined 
by Dixon, may be considered ivs typical of the 
extremely high velocities attained 

Rates of Explosion for Mixtures fired at 
10° AND 7fi0 MM. 

Mixture Metres per second 

2H2+O2 . . . . 2820 

H2+CI2 .... 1729 

2CO+O2 (moist, sat’d at 28) . 1703 

NH,-}-302 .... 2390 

CH4d-202 .... 2322 

In detonation, each successive layer of the 

explosive mixture is fired by compression, and 
the chemical change in the wave occurs under 
strictly adiabatic conditions This means that 
the chemical action is more intense and of much 
shorter duration than during the imtial phases 
of an explosion (‘inflammation’) ; moreover, 
the pressures developed m the wave and the 
consequent shattenng effects are much greater 
than in ordinary explosions. Thus, for example, 
in a mixture 2112 + 02, fired at the ordinary 
atmosphenc temperature and pressure, the 
initial velocity of the flame (i.e during the short 
period of ‘ inflammation ’) is only 20 metres per 
second, and chemical action endures in each 
uccessive layer of the mixture for as long as 
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one-twontieth of a second. As soon, however, 
as detonation is set up, the flame travels forward 
with a constant velocity of 2820 metres per 
second, and the duration of chemical action in 
each successive layer certainly docs not exceed 
and possibly not much less than loioT) of a 
second. Needless to say ‘ detonation ’ is not 
set ap in a gas-engine oylmder ; the terrific 
force developed m detonation would play havoc 
with the mechanism 

Dixon’s photographic researches, already 
alluded to, have demonstrated beyond doubt 
the important r6le of ‘ compression waves ’ in 
determining detonation in explosive mixtures, 
and it IS probable that the di.sastioiis effect of 
colliery explosions are primarily due to th<‘ 
intensifying effects of reflcctcij compression 
waves upon the burning mixture of gas and (oi) 
coal dust and air 

fn 1800 1) \j Chapman published a mathe- 
matical analysis of the explosion wave Dis- 
carding Herthelot’s sound-wave theoiy, which 
indeed had led to values for rates of explosion 
which weie dinicult to leeoneile with facts, he 
regards the ex^ilosion wave as a wave of eom- 
pression not in a homogeneous medium, but in 
a medi m which is discontinuous in the vicinity 
of the wave-front ft is assumed (1) that the 
• front ’ of the wave (/ e from the unexploded 
gas to the point of maximum piessure) does not 
alter in character, or, m other words, that every 
portion of the wave travels witli the same 
velocity , (2) that the velocity is the minimum 
consistent with (1) , and (3) that at the point 
of maximum press uie the chemical change 
concerned in the propagation of the wav(‘ is 
complete The unbuint gases immediately in 

Temperature . . 4300° 4000° 

Cv steam . . 14 750 14 297 

Diatomic gases . 7 707 7*074 

With the aid of this series of numbers ho pro- 
ceeded to apply his formula to the calculations 
of the rates oi explosions of some forty other 
mixtures mvx'stigated by Dixon, finding in all 
cases close agreement betwi'cn the found and 
calculated value-s, of which the folio vang may 
suffice as examples — 





1 Rate of explo- 




sion MetreH 




per Boc 

Mixture exploded 

Products in tlie wave j 

[ Temp 

- 





Calcu- 

lated 

Found 

2 H 2 + 2 N 2 O 

2II2O + 2N2 

3813° 

2408 

2305 


2Il20-f2N2 + 2H2 

3077 

2604 

2545 

CH 2 + 2 N 2 O 

2H20-b2N2+lH2l 

2012 

2720 

2705 

2H2+2N2O+2N2 

2HaO 4-4^2 

3077 

2097 

1991 

€2114+202 

2C0-b21l20 

4305 

2619 

2581 

t'2114 + 31^2 

2C0-f2H20-f O 2 

3882 

2348 

2308 

C 2 H 2 + O 2 

2CO-fH2 

.5029 

3101 

296] 

CIT4 + O2 

CO + HaO + Ha 

2772 

2502 

2528 

2 CH 4 -f 30 a 

2CO-I-4H2O 

3764 

2485 

2470 

2 CH 4 -f 30 a + N2 

2C0-I-4U20+N2 

3513 

2353 

2349 


A characteristic feature of detonation is the 
extremely short duration of chemical action and 
subsequent rapid cooling of the products, as 
compared with ordinary combustion Some 


^ front of the wave are, of course, fired by com- 
, pression, and the abrupt vanation in the 
I density and pressure of the medium is due to 
the chemical change Chapman’s formula for 
, the Velocity of the explosion wave in centimetres 
per second is — 

I d" (Cj) -f j 

when R=tho gas constant (1 985), J=the 
dynamical equivalent of heat (42-|-10‘' ergs ), 
/i = tho gram equivalents of the mixtuio ex- 
ploded, n and m — tlio nunibei of gaseous 
molecules before and after tlui chemical ( hange 
' in the wave, (!p and (%)~the mean speedit heats 
of the piodiicts at constant piessuie ami volume 
' K'spec tivcly, /i-=thc total lieat gcnciated m fbe 
I wave, and /q— the initial tmnpeiatuio (abs ) of 
' the mixture exploded 

{ Fiom the f«ict that the dilution of olectiolytie 
I gas (2 HjH- 02) with oxygen lowcis its late of 
^ explosion a little more than a concsponding 
' dilution with nitiogen. Chapman considers it 
! improbable that there is any ajipreciablo dis- 
' sociation of sti'am in the wave Ho assumes 
that the molecular lieat of steam rises moie 
I rapidly with temperatuie than that of a diatomic 
gas, and that tlio molecular lieats of oxygen, 
I hydrogen, nitrogen, and carbon monoxide may 
j for all practical pin poses be considered as equal 
I at any given temperature Selecting some 
; seventeen of Dixon's found rates of exjilosion, 

^ he has calculated by means of his foimiila the 
j corresponding molecular heats and tempeiaturcs, 

I arriving at the following results foi (’e at inter- 
; mediate ternpeiatuics by mterjiolation . — 

3700° 3400° 3100® 2800° 2500° 

13 750 13 102 12 250 1 1 040 9 797 

7 G41 7 608 7 575 7 542 7 509 

. yearn ago, W. A Bone and B Lean found by a 
! photographic method that the duration of 
j luminosity in each successive layer of gas in the 
I detonation of electrolytic gas is certainly less 
; than second, a much shorter interval of 
time than was required to shatter a tube of thin 
glass attached to the end of the explosion coil 
used This tube, although invariably smashed 
by the force of the explosion, always appeared 
perfectly intact m the photograph. Dixon’s 
subsequent photographic researches have de- 
monstrated the abrupt suddenness with which 
the gases attain the maximum temperature in 
detonation, the mtensity and short duration 
of luminosity, and the subsequent rapid cooling, 
as compared with ordinary combustion More- 
over, high as is the terajicrature attained, there 
18 no evidence of any considerable dissociation 
of steam in the wave, for, despite the instan- 
taneous cooling of the products, there is less 
than 1 per cent of the gases left uncombmed 
after the wave has passed through electrolytic 
gas ( 2 H 2 +O 2 ) 

Influence of an Excess of an Inert Gas wpon 
ike Rate if Explosion of a particular Mixture — 
It has been found experimentally that whereas 
an excess of mtrogen or oxygen retards the rate 
of explosion of a particular mixture, an excf'is 
of hydrogen actually increases it Thus in the 
case of electrolytic gas, wo have — 
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Mixture exploded 
2H, + 0.> 
2H24-O2 I-2H2 
2U2-f-02-|-4H2 
2H2+O2+6H2 

2H2-i-02“i"G2 

2H2 4" 02-1-302 

2H2-j-02-i-N2 

2 H 2 -}- 02 -f 3 N 2 


Rftte metres per sec 
. 2817 

. 3208 

. 3527 
3532 
. 2328 

. 1927 

. 2426 

. 2055 


Tho accelerating influence of an excess of 
hydrogen was for long an enigma, but it was 
perfectly explained when Chapman published 
his formula. It must, however, be understood 
that an excess of oxygen always has a somewhat 
greater influence than a corresponding excess of 
nitrogen by virtue of its relatively luglier density 
The hurnmq of Qa<ieom Carhon — Of the 
many important facts brought to light during 
tho course of Dixon’s investigations none are 
of greater interest than those relating to the 
burning of gaseous carbon in tho explosion wave, 
as illustrated by tho case of cyanogen In view 
of the fact that tho molecular heat of combus- 
tion of cyanogen, when burnt completely to 
carbon dioxide, is 259 6 K 0 ILs , whereas, if 
burnt to tho monoxide, it would only bo 123 
K G Us , it might bo expected that the rate of 
explosion for a mixture 2+202 would bo 
much higher than for + if gaseous 

carbon is pnmanly burnt to carbon dioxide m 
the wave The exact opposite is the case, 
however, as tho following lesults show . — 


Mixture 

0,N,f02 

(LN“+20. 


Products Rate 
200 H-N, 27281 , 

200.; I-N, 2321 / 


Still more cogent is tho evidence in favour of 
the initial formation of carbon monoxide in 
tho wave, when the following figures are con- 
sidered — 


CgNg-fO^ CaNa + OgfNg CgNa + Oa+Oa 

Rate 2728 2398 2321 

The conclusion to be drawn from the preceding 
figures is that cyanogen is initially burnt to 
carbon monoxide and nitrogen in the wave itself, 
any excess of oxygen afterwards burning up 
the carbon monoxide as the gases cool down in 
tho rear of the wave 

This conclusion was driven home by Dixon, 
m conjunction with Strange and Graham, by 
photogi aphing on a sensitive film rotated at a 
speed of about 1500 metres per minute, tho 
explosion flame m tlio case 01 tho three mix- 
tures (a) CgNo-hU^, (h) CgNa fOg+N^, and 
(c) (^2^2-1- 20 2 In each case tho flame was 

photographed, after detonation had been set up, 
as it dashed past a glass window inserted into the 
lead explosion coil “ The image obtained m 
tho case of (a) showed an intensely brilliant 
flame (the explosion wave), slightly drawn oid 
in tapering form ; in tho case of (ft), with 
nitrogen as diluent, the flame was less orilliant 
and somewhat more diawn out than in {a) 
but with (c) tho flame, whilst no more luminous 
than m (ft), was drawn out to great length, 
owing to the continued combustion of carbon 
monoxide in the rear of the wave The follow- 
ing diagram, Fig 8 (approximately to scale), 
will convey an idea of the relative durations of 
the flames in tho three cases — 


' > 


<(< 


• MiyJuRt C Nj, + 0^ 4- N 


40 Trims ■ 


(cj 
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Mixture. 
C,N,+ 2 0, 


The Burning of Hydrocarbons in the Wave — 
It was during the course of measurements of 
the rates of explosion of hydrocarbons with 
varying proportions of oxygen in 1891-92 that 
Dixon and his collaborators rediscovered facts 
(onginally set forth by Dalton m his ‘ New 
System of Chemical Philosophy ’) which finally 
disposed of the dogma that in a deficient supply 
of oxygen a ‘ selective ’ burmng of hydrogen 
occurs Bono, in conjunction with Lean and 
Cam, found that when either ethylene or acetylene 
IS detonated with its own volume of oxygen tho 
ultimate products consist almost entiiely of 
carbon monoxide and hydrogen ^ Tho rates of 
explosion of hydrocarbon-oxygen mixtures, 
whilst they do not reveal the real mechanism 
of tho combustion, show very clearly that, 

1 Vide TiCan and Bone, Trans. Chem. Soc 1802. 61, 
873, and Bone and Cain, ifttd 1897, 71, 26. 


as in the case of cyanogen, the carbon of a 
hydrocarbon is burnt to the monoxide in 
the wave itself, the formation of the dioxide 
being an after-effect and taking place in the rear 
of the wave In the cases of methane and 
acetylene tho fastest rates are observed with 
eqiii molecular mixtures, wliereas with ethylene 
the rate increases with the proportion of oxygon 
up to the limit C2H4-I-2O2. 

C. — The Pressures produced in Gaseous 
Explosions. 

Many investigators, from the time of Bunsen’s 
well-known experiments in 1867 onwards, have 
measured tho pressures produced in gaseous 
explosions, with doubtless considerable success 
so far as what may be termed the mean effective 
- Trans. Chem. Soc. 18C1, 69, 759 
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pressures are concerned Tiio explosion vessel 
emj)lo^od by Bunsen was a stout glass tube 
8 15 cm long, 1 7 cm internal diameter, and of 
i8 cc capacity It was closed by a suitable 
valve, the loacl on which could be adjusted until 
it was just lifted when the explosive mixture 
was lired by means of a poweiful spark passed 
along the axis of the tube Bunsen (‘onsidered 
that the combustion would occur undei adia- 
batic and ‘ constant volume ’ conditions, and he 
identified the rate of ignition of a paiticular 
mixture with that of the completion of chemical 
change. In " calculating fiom his icsults the 
corresponding fiame tompcratuies, ho assumed 
the constancy of the specific heats of steam and 
carbon dioxide Finding that the piccssuies 
recorded in the cases of eloctiolytic gas and of 
a mixture of caibon monoxide and oxygen in 
their combining propoitions (namely, 1)5 <ind 
10*1 atmospheics respectively) weio somowbat 
less than one-half of those theoietically le- 


cjiured on the above assumption, he concluded 
that m caeli case combustion had piocecdcd per 
baltuni, owing to tlie sujiposcd theoietical ilame 
tcmpciatuics exceeding tlio limits at whicli steam 
and eaibon, dioxide respectively are completely 
dissociated 'riio problem was again attacked 
indepemk'utly by iNIallard and L(i FliatelKU m 
1883,* and by Bertlielob and Vieilio m 1885 ^ 
The List-named fired vaiious gaseous nuxtui(‘S 
at atinospheiie piessuie in a spheiical non 
bomb, mcasuiiiig tlie eflectivo picssuios by the 
movement of a liglit juston working against a 
spnng 111 a tube atta< lied to tho bomb In 
order to gain some information lespeeting the 
possible cooling influence of tlie walls upon the 
effective jiievssiiios iccoidcd, thice bombs of 
different eajiaeities, namely, A of 300 ee , B 
of 1500 cc , .ind C of 4000 ce , weie emjiloyed 
Tho lesults, expressed in each case as atmo- 
sjiheics in excess of the atmospheric picssuie, 
wcic as follows . — 


Bomb 


(^aj)a ity in cm ® 

Suiface 111 cm ^ 

/Suiface per unit volume . 

Diameter m cm 

Length of firing piece in cm 

Travel of flame befoie roaclnng the piston m cm 



2H,+0, 
2C04 O. 
CH44-2O. 
c,N.+o; 

C;N^f2(), 


Tntie required fot flame to Itavd /torn the fitiiuj 
inecc to fiston oj indicator. 

Mixture • • • ; ; 



Perhaps the most notable featiiie about these 
results is tho smallness of the dittcienco between 
tho pressures observed with bombs A and C in 
any jiarticular case. These chfleienccs might at 
firat sight bo attiibuted to the (supjiosed) much 
smaller cooling influence of tho walls of the bomb 
C as comiiaied with bomb A, but if this weie 
the jjiue explanation the difleieiice should bo 
gfeatcrwith the slow-buining 2(<()-| 0^ mixture 
tlian with tho fasl-buining 21f^-l (),, wheieas 
tho ojiposito was the ease Moreovci tlic fact 
that dilution of tho nuxtiiro 211, wifh twice 
its own volume of nitrogen almost obliterated 
the difference between the prcssuics obseived 

in tho cases of bombs A and C (the ratio —V 

pA 

for the diluted being 0 95, as agaimst 0 76 for 
the undiluted mixtuie) is all against tlio cooling 
theory The more probable explanation is to 
be found in the fact that, owing to the much 
longer travel of the flame before it reached the 
piston of the indicator in bomb C as compared 
with A, the explosion would bo in a more ad- 
vanced phase of its development, and this would 
be most marked m the case of the fastest burn- 
ing mixtures. Berthelot and Vieille assumed I 


that in the above oxpeiimeiit.s completion of the 
combustion synchronised witli tho attainment 
of maximum piessure, and attiibuted the maiked 
disjiaiity between the ofiseived picssuies (bomb 
f^) and those calculated from the lu'ats of cuni- 
bustioii (on tho assumption of adialiatic con- 
ditions) to a rapid mcicasi^ in the specific heats 
of steam and carbon dioxide at high tempera- 
tuies 'rhey consideiccl it improbable tliat dis- 
sociation plienoinena play any conspicuous pait 
in limiting the jiiessurcs attained 

Mallard and Lo Cliatelicr (/ 1 ) who u.s(‘d 
a Bouidon gauge for measuiiug piessuies and 
aj)])lied a ‘ cooling collection ’ to their lesults, 
ay^ivcd at jiiactically tlic same conclusion as 
Bei f helot and Vicillo (Ann Chim. Phys [vi ] 
4, 13) lespccting both tlio incieaso of tho specific 
heats of steam and carbon dioxide with tem- 
perature and the small if not negligible influence 
of dissociation They calculated that the tem- 
perature of the flame when moist electrolytic 
gas IS exploded m a closed vessel at atmospheric 
pressure is about 3350'^, and that tho mean 
rnoleculai heat of steam at constant volurue 

' Annales des Mines, sec viii vol 4 
Aim. Cliim Phys. (vi ) 4. 13 
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between 0^ and 3350*^ is 10 0. In tlio ease of 
the rnixtuic 2CO-+ 0^ they coneluded that the 
molecular heat (Cyg) carbon dioxide rises to 
13 0 at 2000°, above which temperature dis- 
sociation comes into play , 

Du^ald Olerk also made expei iments with 
hydrogen-air mixtuies in a large cast-iron 

vessel compaiable in dimensions to the 

cylinder of a six-horse-powei gas engine 

It w’as a east-iron cylinder tiuly boicd 

out and the end c oveis 

turned, int(‘rnal di- 

mensions 7 inches 

diameter and 8[ ( O ) j- — 

inches long, cajiatity Liin.norwii!^^ 

317 cubic inches *5? i 

Upon the uppei y 

( ovei was placed a 

Pu hards indicatoi, 

in whicli ih(^ recipro- 
eating drum had been Weight 
replaced by a re- 
volvmg one; the rate of i evolution 
Wcus adjusted by a small fan, a 
weight and geai giving the powei 'J’hc 
cvlinder was filled with the explosive ^ ^ 
mixture to bo tested, the drum set m 
motion, the pencil of the indicator 
pressed gently against it, and the 
electiic spaik passed within the cylin- 
der The proftsuio of the exjilosion, 
acting upon the indicatoi piston, traced 
a line upon the dium which showed 
the use and fall of pressure 'flic using line 
tiaced the piogiess of the explosion, the falling 
line the progress of loss of pressure by cooling 



Fau Governor 


Revolving Drum 


--Indicator 


Explosion Vessel 


Fig 0 shows the arrangement of the apparatus 
Expel iments with hydrogim and air mixtures 
gave the following results — 


Mixtures of Hydrogen and Am (Clerk). 




Temp, bcfoie explosion 16®. 

Uicssure 1 4 7 lbs (atmosplieric) 

Exiierl- 

iricut 

Mixture 

Max pressure above 
atmosiihere in lbs 

Time of explosion 

Max temp of explosion 


H 

Air 

per sfj inch 




a 

1 vol. 

G vols. 

41 

0 15 sec. 

82(>‘’to 009° 

b 

1 vol. 

4 vols. 

68 

0 026 see 

1368° to 1539° 

c 

2 vols 

5 vols 

80 

0 01 sec 

1615° to 1929° 


The maximum iempeiatuies were calculated of 0 6(5 second from the beginning of explosion 
on the two extreme assumptions of complete there still remains above 20 lbs pei sij inch 
conti action and no eonti action above atmospheric pressure The explosion was 

The cuives of explosion fiom which these followed by a very slow fall of pi essuie 
figuri's are deduced aic given at Fig 10 Calculating from these curves the total heat 

3’he rate of cooling was comparatively slow ; accounted for by maximum pi ensure, and allow- 
for instance, m all these experiments, at the end mg for loss of heat to the walls during time of 



Vessel used 7 inches diam. and 8J inches long Scale of indicator spring, 1 inch. 

Mixtures used, pure hydiogen and air — EXj^ierimeiit a, 1 vol hydrogen to 6 vols. air ; ft, 1 to 4 ; c, 1 to 5 
Tcinperatu’'e of gases before ignition, 16®, presFure (atmospheric), 14 7 lbs. 


Fia. 10. 
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explosion, as estimated from the falling curves, 
a great deficiency becomes evident. 

Experiment a b c 
Heat of combustion of hydrogen 
present . . . .100 100 100 

Heat accounted for by maximum 
ternperatuie and loss previous 
to ite attainment . 55 70 54 

Even with hydrogen and air mixtures the 
deficiency ranges from 30 to 4fi p e It is re- 
maikable that the deficiency at the temperature 
of about 900° is identicar with that at about 
1800° within the limits of error It should be 
noted, however, that this method of allowing 
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for heat loss will probably give a low value, as no 
account is taken of the diihuent'o m the action 
of the walls on the using and falling lines, nor 
of the possible difference in radiation 

In 1915 W A Bone and his collaborators 
published the lesults of cxpeiiments in whu li 
mixtures corresponding to (1) 2H .-f (),-l-4N, , 
(2) 2CO-f(),H-4N>,and(3) + IN,, were 

exploded at an initial pressure of 50 atmospheres 
111 a spheiical bomb (capacity=275 c c ) to 
which was attached a Petavel leiMudiiig mano- 
metei with its optical acce«Koiies The results 
of two typical expej'iments with each of the 
three mixtures are recorded in the following 
table . — 


W« A. Bonk’s Pressure Experiments. 


Mixtuie fired . 

211, + 0,+4N^ 

CH, i 0, I-4N, 

200 + 0, + 4N^ 

Per cent composition of I 

H,=29 (> 

H.--20 7 

(’H4— 1(> 7 

8 

(H)=-28 1 

(^0=^28 03 

mixtuie filed . . j 

1 ().==14 5 

0, = 143 

(). = 17 1 

(),= lbS 

0,-110 

(),--l4 (;() 

N,=55 9 

N^=5() 9 

N“=fi() 2 

Ni = bb4 
- 

N,=-57 9: N>=-57 37 

Initial pressure in ) 

53 0 

50 0 

44 9 

50 0 

51 0 

49 8 

atr ospheieii . . ) 




Maximum explosion prcs-i 

425 0 

400 0 

240 0 

280 0 

423 0 

420 0 

sure in atmospheres p^j 






Final piessuie of cold pro-f 
ducts in atmospheres pj-j 

30 5 

28 74 

^7 1 

51 7 

1 

42 0 

41 4b 

Ratio • 

80 

( 80 

5 35 

1 5 () 

8 3 

8 4 

Ratio Pf/p^ 

Time required for attain- j 

0 575 

i 

0 575 

1 

1 Oli) 

! 1 o:i4 

1 

1 

0 832 

0 837 

ment of maximum pres- > 
sure in seconds . . ) 

0 011 1 

0 010 

0 05 

1 

1 

, 0 08 about 

i 

1 

0 10 

0 10 


The pressuie records which aie reproduced 
m the following diagrams (Figs 11, 12, and 13), 
in which picssurcs in atmospheres are plotted 
against time in seconds, prove conclusively the 
absence of any direct relation between flic 
actual rate at which the potential energy of an 


explosive mixtuie is transferred on explosion 
as sensible heat to its productb and the magnitude 
of the chemical affinity betwi'cn its combining 
constituents This is haidly to be wondered at, 
seeing the extieme lapidity of chemical inter- 
action at high tempeiatuio as compaied with 



0 2 4 € 8 10 20 25 30 

time seconds 

After Firing 
Fra. 11, 


the rate at which the liberated heat can be 
communicated to and uniformly distnbuted 
amongst the products by ordinary physical 
processes. Attention may bo drawn to the 
extreme slowness of the cooling in each case 
after the attainment of maximum pressure ; 
this has also been observed by previous workers 
in other similar cases of gaseous explosions 
This was particularly marked in the case of the 
methane-air mixture, in which there was hardly 
any appreciable cooling durmg an interval of 


0 22 seconds aflei the atlamment of maximum 
pressure (in 0 08 sec), a ciicumstance whu h 
may be due in part to the combustion taking 
place in well-defined chemical stages, and in 
part also to the operation of the exothermic 
secondary interaction between carbon monoxide 
and steam during the cooling period. On the 
other hand, the curve for the hydrogen-air 
mixture, where the combustion to steam is 
a direct and comparatively simple transaction 
suggests that the attainment of maximum 


EXPLOSION, GASEOUS. 


712 

pressure is suGcecded l>y a jieiiod of gradual 
cooling uninfluenced by chemical combination. 

It may be taken as thq common experience 
of all investigators smee Bunsen’s day that the 
maximum olfective pressures recorded when 
gaseous mixtuies are iiied in closed vessels aie 
always considerably less than those calculated 
on the old assumption (now discarded) that the 


whole heat of combustion is communicated 
without loss to the products, and that the 
specific heats of the pioducts do not vary with 
tempelatui'e Another feature of the pheno- 
menon IS the very short time requiied for the 
attainment of maximum pressure relative to 
the subsequent cooling period 

The great disparity between the found and 



0 2 4 6 e 10 IS 20 25 30 35 

TIME IN SECONDS 
After Firing 

PiO( 12. 


* calculated ’ mavimum pressures has been 
attributed by the various investigators con- 
cerned to 'one or othoi of the following causes, 
namely 

1 To ihe vuirlcd incicafiG in the 6pecAfic heah 
of steam and caihmi dioxide %vith tempeniturc. 

2 To the fact that m ordinary gaseous explo- 
sions, where detonation has not been determined, 


cmnbustion is by no means instantaneous, and may 
not be cx>mplet(d iviihin the period required for the 
niiainment of maxumwi pressure. Sii JJugald 
(’leik put forward this suggestion as long ago as 
188() ^ in criticising the conclusions of Mallard and 
Lo Chatclier respecting the groat increase in the 
specific lieats oi steam and of carbon cboxide 
with temperature. Ho considered it highly 



Fig 13 


probable that combustion extends far into the 
actual ‘ cooling period ’ in gaseous explosions 
(and henco the long drawn-out ‘ coolmg cuivc ’), 
so that the system loses a coitaiii pait of the heat 
of combustion bcfoic the chemical action is 
completed This idea of a continued combus- 
tion finds suppoit in H. B. Dixon’s photographic 
lescaichos, and chemists generally will concede 
its reality in any gaseous combination in which 
detonation is not determined But to what 
extent it may be held to affect the pressures 
actually recorded by explosions is still a matter 
Oi conjecture. 

3. To loss of energy by direct radiation — 
Thus m the explosion of a mixture of hydrogen 
and oxygon it is conceivable that the initial 
action results m the formation of an intensely 
vibrating molecular complex from which steam 
issues as the first recognisable product, Some 
experiments made in 1890 by Robert von | 
Helmholtz (Bciblatter, 14, 589), showed that ' 
non-luminous hydrocarbon flames radiate about I 


I 5 p c of the heat of combustion of the gas, and 
I more lecent exjiciimonts by Callcndar and 
I Nelson show that the heat ladiated fiom an 
ordinary non-luminous Bunsen flame may 
amount to between 15 and 20 p c. of the total 
heat of combustion. 

i 4 To dibsociation of pioducts (steam and 
carbon dioxide) In the case of two combining 
gases pioducing a dissociable product, it is 
clear that if the average temperature m the 
system reaches that at which dissociation begins 
the combustion must be delayed whilst heat 
escapes from the system by radiation and con- 
duction Qualitatively the partial dissociation 
of steam and carbon dioxide has been proved at 
temperatures which are certainly exceeded by 
those of explosion flames ; but it may be urged 
that, inasmuch as all experiments upon dis- 
sociation have up to the present involved 
I contact with hot solid surfaces, there is no 
' positive evidence that the phenomenon would 
I ' ’ Proc. Inst. Civil Euginesrs, 85. 
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play any conspicuous part in an unconfineu 

§ ^eous system On the other hand, there is 

irect experimental evidence of the attamment 
of enormously high temperatures m the explosion 
wave, tempo! aturos which would generally be 
considered as far beyond that of the initial, or 
oerhaps even of the complete, dissociation of 
steam or of carbon dioxide. Moreover, the fact 
that the rate of explosion of electrolytic gas is 
retarded rather more by an excess of oxygon 
than by a corresponding excess of mtrogen is 
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inconsistent with the supposition of any appreci- 
able dissociation of steam in the explosion wave, 
and photographic records give no evidence of 
continued combination in the rear of the wave 
except wheie there are two or more chemical 
stages in the combustion. 

Explosion of mixtures of coal gas and air — 
Exponmonts were made many years ago by 
Clerk with mixtures of coal gas and air in the 
explosion apparatus already described, with 
the following results : — 


Glasgow Coal Gas and Air Mixtures (Clerk). 



Temperature of gases before ignition, 18°. Pressure of atmosphere (11 7 lbs ) 

Kxpeiimeiit 

Proportion of gas 
by volume 

Maximum picssure 
in lbs per sq inch 
above atmospliere 

i Maximum tempera- 
ture centigrade 

Time of explosion 

a 


52 

1047° 

0 28 second 

h 

A 

03 

1 1265° 

0 18 „ 

c 


09 

1384° 

013 „ 

d 


89 

1780° 

0 07 „ 

e 


96 

, 1918° 

' 1 

0 05 „ 


From thasc experiments, it will be observed 
that the greatest possible pressuie exerted by a 
mixture of Glasgow coal giLs and air at atmo- 
spheric pressure and temperature was 9() lbs. per 
squaio inch above atmosphere, the maximum 
pressure falling as dilution with air inci eased, 
while the time of explosion also increased The 
shortest time of explosion was ^ second, and the 


longest over J second, at the end of 0 00 
second from 30 to 35 lbs per square inch 
pressure above atmosphere still lemained m 
tho vessel. It is very noticeable that, volume 
for volume, coal gas produced higher pressure 
than hydrogen. 

Experiments with Oldham gas and air gave 
the following results . — 


OldSam Coal Gas and Air Mixtures (Clerk). 


Temperature of gases before ignition, 17° Pressure ot atmosphere (14 7 lbs ) j 

Experiment 

Proportion of gas 
by volume 

Maximum pressure 
in lbs per sq inch 
above atmospliere 

■ 

Maximum tempera- 
ture centigrade 

Time of explosion 

a 


40 0 

806° 

0 45 second 

b 

A 

51 5 

1033° 

0 31 „ 

c 

•A 

60 0 

1202° 

0 24 „ 

d 

1*2 

61 0 

1220° 

0 17 „ 

e 


78 0 1 

1557° 

0 08 „ 

f 

i 

87 0 

1733° 

0 06 „ 

U 


90 0 

! 1792° 

0 04 „ 

h 

i 

91 0 

1812° 

0 055 „ 

i 

h 

80 0 

1595° 

0 16 „ 


The greatest pressuie produced by a mixture 
of this gas and air was 91 lbs. per square inch 
above atmosphere Comparing these numbers 
with the Glasgow gas experiments, it appears 
that with ^ vol. of Oldham gas prasent, tho 
pressure attained was 0 5 lb. per square inch less, 
and the time of explosion is 0 31 second against 
0*28 second with the same proportion of Glasgow 
gas. With J of the two gases, Oldham was 
6 1]^. less maximum pressure and 0 055 second 
against 0’05 second Glasgow. 

In all these experiments the suppression of 
heat at tho maximum temperature is very con- 
siderable, ranging from 50 to 60 p.c. 

Experiments' were also made by CleiA ‘n 


I the same vessel with mixtures previously com- 
I pressed, and it is found that tho pressures pro- 
duced with any given mixture are proportional 
to the pressure before igmtion — that is, with a 
mixture of constant composition double the 
pressure before explosion, keeping the tempera- 
ture constant, doubles the pressure of explosion. 

In 1900 Clerk made further experiments 
with London coal gas and air, with very complete 
precautions to ensure mixing, and with more 
accurate timing devices. The curves obtained 
with this apparatus are shown at Fig. 14, and 
the maximum temperatures and pressures, ^and 
time of explosion for the different mixtures, are 
as follows : — 
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Explosion in a Closed Vessel (Clerk, 1900). 

Mixtures of air with London coal gas. 
Temperature before explosion 10° 

Pressure before explosion . 14 8 lbs persq in 


Mixture 

Max pies- 
bure above 
.itmosplierc 
in lbs per 
s(i inch 

Temp of ex- 
ploHion from 
observed 
pressuie 

Time 
of ex- 
plosion 

CLih 

Air 


“C 

sec. 

1 vol. 

12 voIh 

4 

— 

— 

1 » 

11 „ 

58 

1150 

0 290 

1 „ 

10 „ 

60 

1155 

0 305 

1 „ 

0 „ 

65 

1270 

0 155 

1 „ 

b n 

77 

1475 

0 087 

1 „ 

7 „ 

80 

1565 

0 067 

1 „ 

fi » 

85 

1660 

0 055 

1 ,, 


87 

1710 

0 042 

1 ,, 

4 „ 

93 

1830 

1 0 045 

- — 

_ 



, . 




T. E. Petavcl has also made experiments on 
the explosion of coal gas and air compressed 
before ignition to pressures of over 1000 lbs per 
square inch Fig 15 shows the diagrams ob- 
tained, with the particulars marked thereunder. 

In all those experiments, it is clear that if 
the temperature be calculated from the maxi- 
mum pressure of explosion, there is apparently 
a suppression of heat of a very considerable 
amount at maximum temperature, the amount 
being about 50 p c 

Important experiments were also made by 
Pi of. B Hopkinson, of Cambridge University, 
who investigated the actual temperatures 
reached during explosions of coal gas and air 
in an explosion vessel of the form shown at 
Eig 16 and found very large temperature 
variations at different parts of the vessel, and 
that the temperature differences exLsted after 
complete inflammation,^ quite independently of 
the local coolmg effect of the walls of the vessel. 



Fig. i4. 


Explosion in a closed vessel, London gas, 1900 (Clerk). 


He found that after the explosion of coal gas 
and air in the vessel, the distribution of tempera- 
ture at the moment of maximum pressure was 
roughly as follows * — 

Mean temperature (mferred from pressure) 1 600° 
Temperature at centre of vessel, thermo- 
meter B . . . . 1900° 

Temperature 10 cm (4 inch) within wall, 
thermometer C .... 1700° 
Temperature 1 cm (0 4 inch) from wall, 
at end, thermometer D . 1100° to 1300° 

Temperature 1 cm. (0 4 inch) within 
wall at side ..... 850° 

Half a second after maximum pressure, the 
distribution was as follows ; — 

Mean temperature (inferred from pres- 
sure) 1100° 

Mean temperature, exclusive of layer 
1 cm thick at walls, determined by 
Ic/iig platinum wire from B to D . 1160° 
Temperature at centre of vessel, 
thermometer B . . . 1100° to 1200° 


Hero the temperature differences are much 
smaller than at the moment of maximum pres- 
sure Hopkinson found that the explosion 
vessel IS entirely filled with flame when the 
pressure reaches 70 lbs , although the maximum 
pressure attained later is 82 lbs per square inch 
above atmosphere ; that is, maximum pressure 
is not attained until one -thirtieth of a second 
after the vessel is completely filled by flame. 
Hopkmson’s experiments also distinctly prove 
that the highest temperature reached m the 
vessel Ls at the point of origin of the ignition, and 
IS due to the compression of the gases which are 
first heated by explosion to about 1200°, and 
then compressed by the compression from the 
walls inwards, as the mixture near the walls 
inflames. 

Exjjlosicm %n gas-engine cylinders — In all 
internal-combustion engines m general use at 
the present time, the mixture of fuel and air is 
compressed before igmtion, the maximum 
temperature ranging from 1200° to 2500° ; 
whif- the temperature of the hot gases at the 
moment of opening the exhaust valve may be 
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about 1000° Fig. 17 is a repro- 
duction of an indicator diagram of 
an internal-combustion engine work- 
ing on the Otto cycle The effect of 
weakemng the mixture is shown by 
the different lines on the diagram 
Che line a shows a diagram obtained 
from a strong mixture ; b, a diagiam 
from a slightly weaker mixture , and 
c, a diagram obtained from a veiy 
weak mixture. The effect of ajipai luit 
suppression of heat appears on the 
gas-engine diagram as well as m the 
diagrams obtained by explosion in 
closed vessels at constant volume, 
refened to above , and it is ex- 
tremely important, for the jiuipose 
of a coriect theory of the mteinal- 
eombustion engine, to asceitam 
exac tly what takes place on ex- 
plosion, and immediately after ex- 
plosion of the mixture usihI , and a 
complete knowledge of the thermal 
Xiiopertios of the woikmg lluid and 
its ehemieal composition at any instant during 
the cvcle ls ncccssaiy 

In the normal gas-engine dia,gi<un, the 
expansion line is at first usually consideiably 
above tlie adiabatic, showing that the whole ol 
the heat of combustion is not added befoie 
maximum piessuio, and that heat must be added 
to the gases dm mg a portion of the expansion, 
to make up for the flow of heat through the* 
cylinder walls If, however, the cooling on 
expansion is too great, the expansion line may 
fall below the adiabatic, although there is still 
heat being added U’he adiabatic expansion line 
lor any given mixture of gases depends on the 
specific heat of the mixture, and therefoie, in 
order to deteiniine wliat aie the conditions as I 



Fio. 16, 

Ilopkinson’s Explosion Vessel. 

legal ds addition of heat, it is nciessaiy to know 
the sjiei du heat oi internal eneigy of the mixture 
at any given temperatuie 



Cleik hafe 


TIMC. 8ECS. 


Spherical encloHuro capacity, 551 9 c c Temperature of enclosure • before firing?, 
IHT' , after firing, 24°C Initial pressure, 1J,‘J0 lbs pel sq inch. 

Maximum pi essme, 9508 lbs pci sq inch Ilatio 0 

^ ^ Maximum pressuie 
Ratio T * . =8 JO. 

Initial pressure 



S pherical enclosure capacity, 551 9 c c 
firing, 21°C alter tiring, 27''C. 


Temperature of enclosure : before 
Initial pressure, 1004 lbs. per sq. 

inch Maximum pressure, 9618 lbs per sq inch Ratio =5 71. 


^ , , Maximum pressure „ „ 
^^'^^^--iKTtlalprLure =» ® 

Fig. 15 

Pise and lall of Pressure during and afl^r Explosion (Petavel). 


invcatigated the piopcities of the 
woikmg iluid in the g«is 

(Migmo itself, by a method 

which allowed direct ob- 

^ sei vation to bo made upon 
an actual charge takim 
--- into the engine in the 
' ^ oidmai y operations of its 

cycle The method lori- 
sistod in subjceting the 
wh()l(‘ of the heated pro- 
ducts of combustion to 
alternate compression and 
(‘xjianMon, witbin the 
engine cylmdci, while the 
cooling proceeded, and 
observing by the indicator 
tlie Hiiecessivo pressure 
falls from revolution to 
1 evolution, together with 
the tompeiatuie and pres- 
sure use and fall due to 
the alternate compression 
and expansion. The engine 
was set to run at a given 
speed, and after the 
charge of gas and air had 
been drawn in, compressed 
and Ignited, the exhaust 
valve and inlet valve 
were prevented from 
opening, so that when 
the piston reached the 
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end of its power stroke, the exhaust gases were vion engine of a complete understanding of the 
retained within the cylinder, and compressed by phenomena of gaseous explosions, the Bntish 
the piston to the maximum volume, and again Association appointed a committee for the 
allowed to expand and again compressed, and purpose of investigatmg the 'whole matter, and 
so on. These operations gave a diagram as although the work of this committee ls not yet 
shown at Fig. 18. From this diagram, by completed, very important results have already 
determining the temperature fall due to work been obtained. These are set out in the Reports 
on expansion. Clerk determined the ap- of 1908, Dublin; 1909, Winnipeg; and 1910, 
pftTentspecificheatof the products of combustion, Shefheld The committee regaid it as proved 
and found that for the gas-engine mixture there that on the explosion of gaseous mixtures with 
was a considerable rLse of apparent specific heat air, the quantity of carbomo acid or steam dis- 
with temperature, and it seemed probable that sociated at the temperature 6f the explosion is 
tins was largely due to a real increase of the so small, that the suppression of he^t cannot bo 
actual spocihc boat or internal energy of the due to this cause. 

gases at high temperatures. The experiments. They also concluded that chemical equilibrium 
however, could not differentiate between the is complete withm an extremely short penod 
possible effects produced by dissociation and after inflammation, at any point outside the 
real specific heat change. Further, the values influence of the walls, and that there is no time 
obtained were subject to some uncertainty, duo rate of combustion, such as will account for the 
to the difficulty of apportioning heat loss apparent suppression of heat 
between successive compression and expansion The committee have also made a vor^ 
lines, and it is probable that the values are careful comparison of the specific heat found by 
somewhat raised by some film phenomena, or Holborn ana Henmng by methods not depending 
by smouldering combustion, tendmg to keep on explosion, with the values found by explosion 
the expansion line from falling as rapidly as it experiments, such as those of Clerk, Mallard, and 
would otherwise do. Lo Chatelier, and Langen. The results given 

Work of the British Association Committee on in calories per gram-molecule for the ini/cinal 
Gaseous Bxplostons . — Owing to the gieat im- energy calculated from 100” at temiieratui es of 
portanee to the theory of the mtcrnal-combus- 800”, 1200”, 1000”, and 2000”, are as follows 



800'’ 

1200" 

ICOO" 

2000“ 


Clerk 

llolborn 

and 

Clerk 

Holboj a 
and 

Laugcii 

Laagen 



Heuniug 


Ileiiiiiug 


Air .... 


3570 


0840 

8700 

11500 



— 

6400 

— 

10880 

17000 

23300 

. . ... 

— 

4670 

— 

7030 

14400 

19900 

Gas-engine mixtuie 

4250 

3840 

6900 

0340 

9800 1 

13200 

Ideal gas* ..... 

3430 

5400 

' 1 

7350 

9300 


♦ C, =4 0. 


In this table, in order to reduce to foot-lbs , the 
figures should be multiplied by the factor 90. 


^ Fia. 18 . 

Clerk diagram from engine at a brake load of 50 H.P. at '80 revolutlona 
per minute. 


The agreement between the figures by the two 
methods shows that the suppression of heat is 
very largely due to increase in the real specific 
heat at high temperatures. 

It seems clear also that the cooling due to 
the walls of the explosion vessel will damp out 
a certain portion of the combustion, and thus 
give a certain time rate of combustion, so that 
all the heat is not actually evolved at the point 
of maximum press ur© or maximum temperature. 
By arranging a moving piston so that the 
exhaust products can be collected, and imme- 
diately cooled at aiiY instant during the ex- 
pansion stroke, Cleik has shown from an 
I analysis of the oxhausi' products that there is 
still some uncombined 
gas after the point of 
maximum temperature 
. — has been reached, even 

Y mixtures 

E arent suppression of 
eat in explosion ex- 
.P. at ^60 revolutions ponments,^ when tem- 
perature IS calcuiatod 
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from pressure, is partly due to under estimation 
of the heat loss due to radiation. Callendar 
predicted that this would bo the case from his 
experiments on the radiation from a Bunsen 
flame ; and Hopkinson has shown that the 


total heat radiated during and after an ex- 
plosion of a 16 p.c. mixture of coal gas and 
air amounted to over 22 p.c. of the whole heat 
of combustion 

W, A. B. and R V. W. 
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